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1 Executive Summary

1.1 Introduction

The purpose of this Lower Spat Gah HPP Feasibility Study Report is to describe its key components
by indicating how its physical components interrelate with the main project parameters such as
hydrology, topography and geology. This Volume 0 - Executive Summary and Salient Features
provides a summary and the salient features of the Feasibility Study results for the Lower Spat
Gah HPP.

1.2 Project Location

The Lower Spat Gah Project is located in the Kohistan District, in the Khyber Pakhtunkhwa
Province of Pakistan. The Lower Spat Gah Headworks are located at the Spat Gah River, the Lower
Gabarband Intake is located at the Gabarband River and the Powerhouse Tailrace Outlet Structure
is at the Indus River. The Spat Gah valley is located on the left bank of the Indus River and starts
about 4 km downstream of Dasu town.

Figure 1-1: Lower Spat Gah Project location in the area

1.3 Cascade

The Lower Spat Gah Project is part of a hydropower cascade in the Spat Gah and Gabarband
valleys, which includes the three stages Upper Spat Gah, Middle Gabarband and Lower Spat Gah
HPPs. The Project has previously been developed and optimised as part of that cascade. The
status and future development of the upper two stages is unknown at the time of this study. It
has to be assumed that the Lower Spat Gah Project will be operated as a stand-alone project for
at least a few years.



Feasibility Study
Volume 0: Executive Summary and Salient Features

Page 2

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

1.4 Access Roads

The existing access to the project is from Dasu via existing one-lane roads to about 900 m
downstream of the Lower Spat Gah Headworks. The rest of the Project, including the Gabarband
valley, can currently only be accessed by foot path. The existing access road in the Spat Gah
valley will have to be upgraded and additional access roads will have to be built in order to reach
the relevant Project structures. It has been assumed that the road construction will start prior to
the EPC Contract commencement as they are on the critical path.

The roads were designed to allow for two-way heavy traffic during construction and operation
according to Pakistani specifications and using USACE And AASHTO standards. Culvert, bridges,
galleries and tunnels were designed where required. A new bridge will be built across the Indus
River north of the Tailrace Outlet Structure, which will be the main access point of the Project
area. This shortens the access and new bridge guarantees sufficient loading capacity for the
transport of the heavy and valuable E&M equipment. The road from Dasu to the Powerhouse area
will only be used during the early stages of the access road construction until the new Indus
bridge is ready.

The following permanent and construction roads will have to be either upgraded or built to meet
the Project needs:

 The access roads between the new Indus bridge and the main access road to the Lower
Spat Gah Headworks as well as to the Tailrace Outlet Structure and the Power Cavern
access tunnel portals will be 1.1 km long,

 The access road to the Upper Erection and Gate Chamber will be 3.7 km long from the
junction with the main access road,

 The temporary construction road to the surge shaft chamber access tunnel at the top of
the Surge Shaft will be 3.7 km long from the junction with the Upper Erection and Gate
Chamber access road,

 The access road from the junction with the Upper Erection and Gate Chamber access road
to the Lower Spat Gah Headworks will be 18.1 km long,

 The temporary construction road to the Lower Spat Gah Headworks right bank will be
0.5 km long between the Lower Spat Gah Headworks access road and the bridge to the
right bank,

 The road in the Gabarband valley to the Gabarband Crossing will be 2.8 km long from the
junction with the Lower Spat Gah Headworks access road.

1.5 Power Market Study

A comprehensive power market study has been conducted to assess the feasibility of the Lower
Spat Gah Project keeping the future perspective of generation and load demand as the key factors.

The demand forecasts for the year 2031 were established for the three demand growth scenarios
Low Demand Forecast, Medium Demand Forecast and High Demand Forecast in line with the
Indicative Generation Capacity Expansion Plan (IGCEP).

The power generation capacities for the year 2031 were established for various energy generation
technologies. This includes existing projects, committed projects as well as optimized projects
picked from the candidates projects. The retirement of existing projects or those whose power
purchase agreements expire have also been considered.

The projected demand and supply in the National Transmission and Dispatch Company (NTDC)
system served as input for the power and energy balance simulations carried out for 2031, the
year in which the Lower Spat Gah Project will be commissioned. The power and energy balances
demonstrated that in 2031 there was enough demand in the NTDC system in all demand growth
scenarios and capacity addition cases that could be met by the projected capacity offered by the
must run plants, including the Lower Spat Gah Project. The study also demonstrated that the
addition of the Lower Spat Gah Project will not have any adverse impact on energy generated by
any must run plant.

The development of the Lower Spat Gah Project will benefit the national grid in more ways than
one. It will inject clean energy into the system from a climate change perspective, provide
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indigenously produced energy in meeting the energy security goals for the country and provide
cheap energy compared to that of imported fuels such as RLNG, coal and RFO based thermal
power plants.

1.6 Topography

Detailed terrestrial surveys were conducted in the Survey of Pakistan (SoP) system during the
2010 Feasibility Study at the Lower Spat Gah Headworks, Lower Gabarband Intake, Powerhouse
and Spat Gah access road areas. New topographic data with sufficiently good accuracy was
however needed at the Gabarband Crossing, along the road in the Gabarband valley and for the
dam break analysis.

Therefore, topographic data based on satellite images was acquired from Airbus Defence & Space
in the WGS84 system. Ground control points (GCP) were surveyed throughout the Project area in
order to achieve horizontal and vertical resolutions < 2 m. The satellite imagery data was
processed by Airbus to create a Digital Terrain Model (DTM) from the Digital Surface Model (DSM).

The transformation parameters from the 2010 Feasibility Study were used to transform the
WGS84 Airbus topography into the SoP system, but the transformed topography showed a large
horizontal and vertical offset compared to the detailed terrestrial topographies. An additional field
survey with new ground control points was required to be able to establish a reliable
transformation and confirm the reliability of the different topographies in itself.

The new GCPs were identified on the detailed SoP topographies and measured with long exposure
in the field in the WGS84 system. With this data, new and reliable transformation parameters
with a good accuracy and reliability between the two systems could be established.

The comparison between the transformed Airbus topography and the detailed terrestrial
topographies showed a good match, with some local discrepancies mainly in areas forests, shaded
areas and steep slopes which was not surprising due to the known limitation of satellite images
in steep/narrow valleys and presumably an overestimation of vegetation cover when establishing
the DTM from the DSM.

Because the detailed terrestrial topographies are considered preferable (e.g. more reliable in
itself) to the Airbus topography, the detailed terrestrial topographies were used wherever
available for the design, that means at the Lower Spat Gah Headworks, Lower Gabarband Intake,
Powerhouse area and along the Spat Gah road. The Airbus DTM topography was used for all other
areas, thus mainly the Power Waterway in general (where the topography is mainly used to
estimate the ground cover), the Gabarband Crossing and the Gabarband access road.

1.7 Hydrology

The Spat Gah River and the Gabarband River have an unexploited catchment area of about
1,066 km2 and 307 km2 at the Lower Spat Gah Headworks site and the Lower Gabarband Intake
respectively.

The meteorological and hydrological data from the 2010 Feasibility Study has been extended with
additional data covering the time period since the previous study. A 54-year discharge series was
scaled from the daily observations at Talhata and calibrated to the 2007-2009 data at Goshali
station. The mean natural annual reservoir inflow is estimated to 40.7 m3/s and 8.1 m3/s at the
Lower Spat Gah Headworks and the Lower Gabarband Intake, respectively. The inflow data shows
a strong seasonality with the low-flow season in the Project area being assumed from October to
March and the high-flow season from April to September. The flow duration curve at the two weir
locations is shown in Figure 1-2.
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Figure 1-2: Flow duration curves of natural inflows of Lower Spat Gah and Lower Gabarband weir sites

One water level and one rain gauge was installed near the Lower Spat Gah Headworks in April
2021 as well near Goshali Bridge in May 2021. The water levels are measured in 15 min intervals
while the rain is logged hourly. Discharge measurements are taken regularly and a preliminary
stage-discharge rating curve was established with bathymetry sections taken at the stations after
a year of water level and discharge measurements.

The annual maximum floods for different return periods were updated and the values from the
regional flood frequency analysis selected. The 10,000-year flood at the Lower Spat Gah
Headworks corresponds to about 2,595 m3/s and the PMF was selected at 3,625 m3/s. The 10,000-
year flood at the Lower Gabarband Intake corresponds to about 850 m3/s.

Sediment data from neighbouring catchments including Talhata bridge as well as data collected
from the site 2007 - 2009 have been available to estimate sediment loads in the Project area.
The average sediment suspended sediment yield at the Lower Spat Gah Headworks is proposed
at 200 t/km2/year.

In order to improve the data from the Project site, a sediment monitoring and analysis campaign
was started in parallel to this Feasibility Study in September 2020 at the Lower Spat Gah
Headworks, Lower Gabarband Intake and Goshali Bridge and continued until June 2021. It
consisted of suspended sediment sampling and bed material sampling, for which the particle size
distribution was analysed in the laboratory. In addition the grain density and mineralogy of a few
samples in the high-flow season were also determined.

The required (preliminary) annual reservoir flushing has been theoretically estimated based on
the estimated bedload and suspended sediment influx and assumed flushed volumes per flushing
event. Four to nine annual flushing events would be required in order to maintain the active
storage at the Lower Spat Gah Headworks. Due to the limited Lower Gabarband Intake reservoir,
the flushing channel will have to be operated more frequently and diligently during larger inflows
when most of the material is transported.

Preliminary flushing cycles have also been estimated for the desanders and showed that the
sediment would need to be flushed once every 14 weeks at the Lower Spat Gah desander based
on the settled material. A more frequent flushing does however seem to be more applicable based
on experience from existing desanders in similar areas characterised by high sediment transport.

Preliminary water losses of 0.5% to 1.1% have been estimated at the Lower Spat Gah Headworks
under design flow conditions if the desander is flushed once to twice a week. Because the sediment
samples taken during the low-flow season showed show that the particle sizes are below the
desander design grain size, a minimum flushing frequency for the low-flow season will have to be
defined based on a trial during operation.
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The preliminary water losses at the Lower Gabarband Intake desander have been estimated in
the range of 0.1% to 0.2% for once to twice-weekly flushing due to the run-of-river operation of
the reservoir.

1.8 Geology

The available geological data consists of the results of the investigations carried out during the
2010 Feasibility Study and the 2020/2021 Update of the Feasibility Study as well as information
from the additional study in 2013.

The 2010 Feasibility Study investigations included mapping, boreholes, test pits and laboratory
tests while the 2013 investigation included one borehole, laboratory tests and geophysical
surveys.

The 2020/2021 investigation campaign included geological mapping in the Gabarband valley,
boreholes at the Lower Spat Gah Headworks, Lower Gabarband Intake, Gabarband Crossing and
Powerhouse area, soil penetration tests at the borrow areas, test pits as well as an electric
resistivity survey along part of the Tailrace Tunnel alignment. With those investigations data could
be gathered at the structures of the updated Feasibility Study to serve as the design basis.

The Lower Spat Gah Headworks and Lower Gabarband Intake sites are mainly located on top of
alluvial sediments, slope wash and scree deposits while the bedrock is mainly amphibolite.

The bedrock is close to the surface on the left bank at the headworks while the rock surface on
the right abutment is several tens of metres deep. Therefore only the rockfill dam at the left
abutment and the desander near the Headrace Tunnel intake will be founded on rock while the
rest of the structures will be founded on sediments. The alluvium consists of poorly stratified
rounded coarse-grained material with a high content of boulders and cobbles (up to a diameter
of several meters). The right bank scree is an angular material and has no or very little fine
material, the coarse blocks accumulate at the foot of slopes at the valley bottom.

Rock outcrops along the upper part of the left river bank and along the right river bank can be
observed at the Lower Gabarband Intake. The spillway right abutment will be founded on rock
while the flushing channel and weir will be founded on sediments. Very coarse grained alluvium
with a high content of boulders and cobbles (up to a diameter of several meters) is found in the
riverbed. An old rockfall area has been recognised at the left bank of the Lower Gabarband Intake
area but the site inspection and investigation did not evidence any recent movements or rockfalls.
The fallen blocks are large to very large (several cubic metres).

At the Gabarband Crossing area the river flows in a 300 m long narrow valley section characterised
by very steep slopes and outcropping rocks mainly. Only at the base of the slopes small scree
and slope wash deposits are found, while very coarse grained alluvium with a high content of
boulders and cobbles (up to a diameter of several meters) is found in the riverbed. Large and
active scree deposits are found upstream and downstream of this narrow valley section along the
right bank, while only local small scree or slope wash deposits cover the amphibolite along the
left bank. The Headrace Tunnel alignment has been shifted to avoid the active scree areas.

The power waterway will mainly run through amphibolitic and magmatic rock of mainly good
quality. The upstream part of the Headrace Tunnel between the intake and the Gabarband
Crossing as well as the Gabarband Intake Tunnel are in amphibolitic rock. Downstream of the
Gabarband Crossing the Headrace Tunnel will be in amphibolites with massive gabbro and diorites
intrusions. Close to the Indus River, that means the downstream end of the Headrace Tunnel as
well as the Pressure Shaft, High Pressure Tunnel and Tailrace Tunnel will be excavated in a large
granitic intrusion.

The geological information at the Powerhouse area is based upon geological surface mapping in
and 5 short boreholes at the foot of a steep slope, west of the actual Powerhouse location. The
geological map shows that amphibolitic lenses are thrusted within the granite body and that the
contact between the granite and amphibolite is generally faulted and of low rock quality. Based
on the good rock quality observed on the granite outcrops, favourable rock mass conditions can
be reasonably expected at depth, east of the drilled boreholes, where the tunnels and the
Powerhouse are located.
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Based on the available information, the concrete aggregates and the rock fill for the construction
of the Lower Spat Gah Headworks, Lower Gabarband Intake, Powerhouse and Power Waterway
are intended to be won from the rock excavation material of the weirs/desanders as well as tunnel
excavation material.

The total volume of suitable silty clay material that can be won from the Dar Mose borrow area
next to the Lower Spat Gah Headworks is estimated at about 50,000 m3, which would provide
sufficient material for the clay core of the rockfill dam. If needed, additional material can be
sources from the two borrow areas in the Powerhouse area.

Recommendations for additional investigations are given in Volume 4 - Geology, including an
exploratory adit towards the Powerhouse.

1.9 Seismicity

A probabilistic and deterministic seismic hazard assessment has been performed for the Lower
Spat Gah HPP site based on the available earthquake catalogues and in accordance with ICOLD
Bulletin 148.

The nearest major faults are the Indus Suture with extension to the Panjal Thrust and Main Mantle
Thrust towards the south. Towards the west there is Duber Kale strike slip fault with branches
towards the Project site. Branch no. 2 of the Duber Kale fault is passing with a distance of about
5 km towards the north of the Lower Spat Gah Headworks site.

To the present knowledge based on site inspections, regional seismicity data and geological
tectonic documentation, there is no active tectonic fault in the Lower Spat Gah Headworks
foundation and close vicinity of the selected dam axis.

The peak ground acceleration (PGA), acceleration response spectra and acceleration time histories
at the rock surface were derived from the Probabilistic Seismic Hazard Analysis (PSHA) for the
Safety Evaluation Earthquake (SEE) at safety level, Operating Basis Design Earthquake (OBE) at
serviceability level and Design Basis Earthquake (DBE) for the seismic design of the appurtenant
structures.

The recommended annual probability of exceedance for the SEE for large dams (> 15 m) and
high risk category dams is often 1/10,000 as recommended by ICOLD. Lower values of ground
shaking, for example not less than 3,000 years for moderate consequence and not less than
1,000 years for low consequence of a dam failure, are only recommended if a risk assessment for
the downstream area shows only marginal risks in case of a dam failure as confirmed by the dam
break analysis performed for the Lower Spat Gah HPP presented in Volume 11.

In view of the size, importance and risk classification of the main structures and components of
the Lower Spat Gah HPP based on the results of the dam break analysis, the following design
earthquakes have been selected with the corresponding PGA shown in Table 1-1:

 Safety Evaluation Earthquake (SEE) for the Lower Spat Gah Headworks with a
return period of 3,000 years:

Lower Spat Gah dam (no failure) and flushing channels (structural reinforcement)
including safety relevant hydro-mechanical works such as flushing channel gates under
the assumption of no uncontrolled water releases in accordance with international
standards.

 Safety Evaluation Earthquake (SEE) for the Lower Gabarband Intake with a
return period of 1,000 years:

Lower Gabarband Intake spillway (no failure) and flushing channels (structural
reinforcement) including safety relevant hydro-mechanical works such as flushing channel
gates under the assumption of no uncontrolled water releases in accordance with
international standards.

 Design Basis Earthquake (DBE) with return period of 475 years:

Powerhouse, desanders, Waterway, hydro-mechanical and electro-mechanical
equipment.
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 Operating Basis Earthquake (OBE) with return period of 145 years:

Selected structures such as the Lower Spat Gah dam (slopes stability analysis) and Lower
Spat Gah and Lower Gabarband Intake flushing channels (structural stability against
sliding, overturning, bearing capacity).

Table 1-1: Site-specific peak ground acceleration (PGA) for rock site for the different design earthquakes
for the Lower Spat Gah and Lower Gabarband Intake dams

Design Earthquake Analysis
Method

Return Period
(years)

Peak Ground Acceleration (g)

Horizontal Vertical

OBE Probabilistic 145 0.23 0.16

DBE Probabilistic 475 0.35 0.23
SEE (Lower Gabarband

Intake) Probabilistic 1,000 0.44 0.29

SEE (Lower Spat Gah
Headworks) Probabilistic 3,000 0.61 0.41

1.10 Alternatives and Optimisation Studies

During the Project Alternatives Study different arrangements for the Lower Spat Gah Headworks,
Power Waterway, Lower Gabarband Intake and Powerhouse were studied and evaluated. The
basis of the studies was the 2010 Feasibility Study Report and its design.

Lower Spat Gah Headworks:

A small run-of-river weir option was developed at the Lower Spat Gah Headworks to alleviate the
sediment handling issues of the 2010 large dam. The small weir was also moved upstream to
avoid the right bank scree as much as possible.

Lower Gabarband Intake:

A diversion discharge study at the Lower Gabarband Intake showed that having a larger
Gabarband diversion flow results in the highest IRR. Not diverting any water at the Lower
Gabarband Intake was only found beneficial if the cascade operation starts in the first Lower Spat
Gah concession year which is considered as very unlikely.

It was therefore recommended to design the Lower Gabarband Intake and Intake Tunnel for a
diversion discharge of 10 m3/s as the optimum at higher discharges was very flat with small extra
benefits but with higher risks and costs involved.

Power Waterway and Powerhouse:

A comparison of the pressure shaft layout resulted in the recommendation to forego the previous
inclined shaft and use a vertical shaft because of the advantageous construction risks.

The excavation methods were also compared and the risk of getting stuck in squeezing or
rockburst conditions as a result of the high overburden was evaluated to be much higher for a
Tunnel Boring Machine than for Drill & Blast (D&B). Considering the construction risks it was
therefore recommended to excavate the Headrace Tunnel with D&B.

Different powerhouse locations were assessed and an underground Powerhouse location at the
bottom of the Pressure Shaft was favoured due to economic reasons.

For the optimisation of the Power Waterway alignment, several alternatives were developed. As
a result of the internal pressure limit especially at the emergency gate at the top of the Pressure
Shaft, some alternatives were pre-excluded due to their longitudinal profile. Alternatives involving
the construction of a bridge to cross the Gabarband River were also excluded for economic and
safety/access reasons. It was also recommended to not pursue other alternatives due to their
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high construction costs and geological risks. The preferred alternative of the remaining
alternatives had the lowest geological risk and was therefore recommended.

Optimisation:

Based on the recommended alternatives from the Alternatives Studies, the Optimisation Study
studied different design discharges. Preliminary cost estimates and energy generation estimates
were prepared and their impact on the economic IRR evaluated.

The results showed the highest IRR for the stand-alone operation for a design discharge of 90 m3/s
with no overload. The variation of IRR around the optimum was however fairly small and a design
discharge of 75 m3/s was recommended and subsequently selected. The FSL could not be further
increased due to the cascade elevation restrictions and was also not lowered.

1.11 Initial Feasibility Study Studies

Several design criteria were studied at the beginning of the Feasibility Study based on the
Alternatives Study and used as an input for the design works.

Desander grain size:

Due to the high head and the composition of the sediment, sediments particles should be removed
in the desander to the extent possible to reduce the abrasion of the turbines.

A preliminary comparison between desander construction costs and turbine O&M costs over the
Concession Period showed that the lower desander construction costs of the 0.3 mm grain size
outweigh the slightly higher O&M costs during the Concession Period. Therefore the design grain
size was preliminarily set as 0.3 mm. It has however to be noted that such a study was based on
sediment data mainly available during the low-flow season where very little sediment is being
transported. Thus, it cannot be excluded that a lower design grain size may be proposed after the
results of the high-flow seasons 2021 campaign have become available.

Headrace Tunnel sizing:

The tunnel cross sections of the Headrace Tunnel, Pressure Shaft and High Pressure Tunnel were
economically optimised in a cost vs energy production loss comparison.

Gabarband Intake Tunnel:

The access conditions to the Lower Gabarband Intake are particularly challenging if not
unfavourable. This has been confirmed by the repeated landslides faced during the 2020-2021
geological investigations campaign. This led to an underground access design to the Lower
Gabarband Intake from the Gabarband Crossing.

Several options were studied for the tunnel profile to accommodate the design vehicle and the
glass-reinforced plastic (GRP) pipe during construction and operation. As the construction costs
were very similar for all options, the option with the GRP pipe mounted on supports on one side
of the tunnel and the vehicles on the other side of the tunnel was selected due to its shorter
construction time, reduced planning interfaces during construction and high maintenance
flexibility during Project operation.

Powerhouse characteristics:

A comparison of a 2-unit and 3-unit layout of the Power Cavern was conducted to select the most
suitable number of turbines for the Project. Because there was no significant cost advantage for
a 2-unit layout and because a 3-unit layout is more beneficial regarding transportation,
installation, operation and maintenance, it was recommended to select the 3-unit layout.

The Indus River in its natural flow condition has water levels below the Tailrace Tunnel Outlet
Structure and does not impact the design of the Project. The future Patan reservoir will however
impact the operation of the Project with its assumed FSL at 760.00 m asl. A water level of 1 m



Feasibility Study
Volume 0: Executive Summary and Salient Features

Page 9

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

above the Patan FSL has been assumed as the downstream boundary condition to calculate the
water level in the Tailrace Tunnel directly below the turbines in order to determine the turbine
centreline with an appropriate freeboard.

Single-phase and three-phase transformers were compared to select the best suited type for the
Lower Spat Gah HPP. Because the single-phase transformers do not offer a significant advantage
in terms of transport size or weight and because of the non-negligible price advantage of the
three-phase transformers, the three-phase transformers were selected for this Project.

1.12 Project Layout

The Lower Spat Gah Project is a high head run-of-river scheme with limited peaking capabilities
located on the Spat Gah and Gabarband Rivers. The water is conveyed from the Lower Spat Gah
Headworks to the Powerhouse for power generation, with a secondary intake on the Gabarband
River connecting to the Headrace Tunnel. Excess water will be spilled back into the rivers. The
water is released from the Powerhouse to the Indus River about 1.2 km upstream of the
confluence with the Spat Gah River.

The Lower Spat Gah HPP consists of the following main structures:

 Lower Spat Gah Headworks with rockfill dam, flushing channels, intake on the right bank,
surface desander and forebay,

 Lower Gabarband Intake with weir structure, intake on the left bank, surface desander
and forebay,

 2.4 km long Gabarband Intake Tunnel connecting to the Headrace Tunnel with free-flow
section at the beginning and pressurised section after,

 10.9 km long pressurised Headrace Tunnel,

 0.5 km high Pressure Shaft,

 0.2 km long High Pressure Tunnel including penstock,

 Power Cavern with 3 Pelton turbines,

 1.3 km long free-flow Tailrace Tunnel.
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Figure 1-3: Project overview

Lower Spat Gah Headworks:

The Lower Spat Gah Headworks comprises a clay core rockfill dam on the left bank, three flushing
channel bays also serving as spillway, a desander intake and desander as well as the forebay at
the inlet to the Headrace Tunnel.

Dam and flushing channel:

The 34 m high dam and 39 m high gated flushing channel are designed with a 1,000-year design
flood, 10,000-year check flood and a 10,000-year n-1 and PMF safety flood.

The dam is located on the left river bank. The flushing channel is located next to the right bank
desander intake and allows for effective flushing of sediments in front of the intake area. The
flushing channel radial gates are used for sediment flushing, ideally during flood conditions,
passing of debris as well as reservoir water level regulation for normal conditions and floods.

Residual flow:

The residual flow will be released through a valve-controlled pipe from the desander intake
through the flushing channel No. 3 right wall. The residual flow consists of the environmental flow
and the irrigation flow.

The environmental flow was calculated according to the CEMAGREF method while the irrigation
flow was determined by the ESIA. The residual flow ranges from 1.2 m3/s to 4.0 m3/s.

Intake and desander:

The intake to the Power Waterway system and desander is located on the right river bank. The
intake has a separate opening for each two desander basins and is protected with a trash rack to
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prevent the inflow of large debris. A trash rack cleaning machine will be provided to remove
accumulated debris which could not be flushed downstream.

Each of the three intakes consists of a sluice gate, which can be closed to isolate the desander
and Power Waterway system from the river flow as well as enable the desander flushing process
for each basin pair without stopping the power plant operation. The diverted water is then
conveyed through the intake channels into the 3 x 2 desander basins. The purpose of the six
desander basins with a length of 110 m is to deposit particles exceeding a size of 0.3 mm and
thus removing them from the water being conveyed to the Powerhouse. The sediment can be
flushed back to the Spat Gah River by a flushing channel. Each basin has a sluice gate at the
bottom and slide gates on top of the end sill to be flushed separately. The total applied design
discharge equals the plant design discharge of 75 m3/s.

Forebay:

The inflow into the forebay downstream of the desander is over the end sill crest at the
downstream end of the desander basins. The reservoir, desander and forebay are designed to
operate with communicating water levels, resulting in a continuous and corresponding water level
between the forebay and reservoir. The water level above the end sill and in the forebay for the
design discharge at Full Supply conditions is at 1,509.98 m asl. This is the FSL for the forebay.

The Lower Spat Gah Headworks reservoir is used for water storage between the Full Supply Level
(FSL) and Minimum Operating Level (MOL) with which peaking energy is generated during two 2-
hour periods in the morning and evening and the desander was sized to work efficiently for all
water levels between the FSL and the MOL. The MOL in the forebay is 1,499.65 m asl and
corresponds to the MOL in the reservoir minus the head losses in between.

Construction sequence:

The Lower Spat Gah Headworks are planned to be constructed in two stages. After some initial
works, the flushing channels No. 2 and 3, desander intake and desander on the right bank will be
constructed in Stage 1 while the flushing channel No. 1 and the clay core rockfill dam on the left
bank will be constructed in Stage 2. Prior to the river diversion, the intermediate pier separating
the flushing channels No. 1 and No. 2 will have to be constructed. The construction of this
intermediate pier should be started in the beginning of the low-flow season (October to March).

Stage 1 works will be carried out along the right bank and the river will be allowed to follow its
natural course at the dam site, i.e. along the main channel and left bank. The Stage 2 works will
be carried out at the river main channel and the left bank, and the river will be diverted to flow
through the flushing channels No. 2 and 3 constructed in Stage 1. The cofferdams are designed
to offer protection for the 10-year flood.

Lower Gabarband Intake:

The Lower Gabarband Intake consists of a concrete weir with spillway and flushing channel,
desander intake, desander and forebay at the inlet to the Gabarband Intake Tunnel.

Spillway and flushing channel:

The 20.9 m high weir has an ungated spillway bay and a gated flushing channel and is designed
with a 1,000-year design flood, 10,000-year check flood and a 1,000-year n-1 safety flood.

The flushing channel is located next to the left bank desander intake and allows for effective
flushing of sediments in front of the intake area. The flushing channel radial gate is used for
sediment flushing while the debris and floods will mainly pass over the spillway. The radial gate
will also be used for reservoir water level regulation for normal conditions and small floods.

Residual flow:

The residual flow is released through a valve-controlled pipe from the desander intake through
the flushing channel left wall, and ranges from 0.23 m3/s to 0.33 m3/s.

The residual flow comprises the environmental flow and the irrigation flow. The environmental
flow was calculated according to the CEMAGREF method while the irrigation flow was determined
by the ESIA.
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Intake and desander:

The desander intake is protected by a trash rack while the two 39 m long desander basins are
designed to remove particles larger than 0.3 mm. The design discharge of the desander and
subsequent tunnel equals the design diversion discharge of 10 m3/s. The reservoir is very minimal
and water is only diverted into the Power Waterway when the Powerhouse is operating.

Reservoir:

The Normal Operating Level (NOL) at the Lower Gabarband Intake is at 1,553.00 m asl and the
MOL at 1,552.06 m asl, which corresponds to the desander end sill level. Up to the maximum
diversion discharge the reservoir regulates itself as a result of the desander end sill overflow. Up
to the discharge capacity of the radial gate the flushing channel gate regulates the reservoir to
be at the NOL. For larger inflows water starts flowing over the spillway and the reservoir level
rises.

Construction sequence:

The construction of the Lower Gabarband Intake is also carried out in two stages. In the first
stage, starting at the beginning of a low-flow season, the flushing channel, intake and desander
on the left bank are built. During the second stage the spillway on the right bank will be
constructed during one low-flow season.

Power Waterway:

The Power Waterway comprises the pressurised system between the Lower Spat Gah Headworks
and the Power Cavern, the Gabarband Intake Tunnel, a Surge Shaft and a free-flow Tailrace
Tunnel. The 11.7 km long pressurised system has a Headrace Tunnel, Pressure Shaft and High
Pressure Tunnel including penstock and conveys the flow from the Lower Spat Gah forebay to the
Powerhouse.

The Headrace Tunnel, High-Pressure Tunnel and Tailrace Tunnel are all excavated with the Drill
& Blast method as horseshoe sections while the Pressure Shaft and Surge Shaft have a circular
profile excavated by the raise drilling method.

Headrace Tunnel:

The Headrace Tunnel conveys the flow from the forebay to the Pressure Shaft under pressurised
flow conditions. The size of the tunnel has been determined with an economic optimisation. The
Headrace Tunnel is systematically lined with an internal diameter of 5.30 m in the concrete lined
tunnel sections and 4.00 m in the steel lined section. The steel lining will be required at the
Gabarband Crossing over a length of about 760 m based on hydraulic confinement requirements.

Gabarband Intake Tunnel:

Additional water diverted at the Lower Gabarband Intake is conveyed with a 2.4 km long glass-
reinforced plastic (GRP) pipe on one side of Gabarband Intake Tunnel which connects to the
Headrace Tunnel.

The elevation of the intake is above the Full Supply Level of the Lower Spat Gah Headworks and
the water is flowing in free-flow conditions in the upper part of the pipe while it flows under
pressurised conditions in the lower part.

A butterfly valve is installed at the downstream end of the GRP pipe to allow for emergency closure
as well as maintenance closure such that the pipe can be inspected independently of the Headrace
Tunnel.

Surge Shaft:

At the downstream end of the Headrace Tunnel, just upstream of the Upper Erection and Gate
Chamber, is the 0.4 km high vertical Surge Shaft. The Surge Shaft is systematically concrete lined
as water level oscillations will occur. The throttle connecting the Headrace Tunnel to the Surge
Shaft itself will be steel lined.
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Upper Erection and Gate Chamber:

The Upper Erection and Gate Chamber is located at the downstream end of the Headrace Tunnel
and houses the emergency and maintenance butterfly valve as well as the concrete-encased bend
at the upper end of the Pressure Shaft.

The butterfly valve will serve as one of the emergency closing systems and also allows for
inspection of the Pressure Shaft and High Pressure Tunnel without having to dewater the Headrace
Tunnel. The access is through the access tunnel to the Upper Erection and Maintenance Gate
Chamber. The erection crane in the chamber will be used for the erection and the maintenance
of the of the butterfly valve and a temporary erection crane/winch (not shown on the drawings)
will be used for the installation of the Pressure Shaft steel liner.

Pressure Shaft:

Downstream of the gate chamber is the 0.5 km high vertical Pressure Shaft with a systematic
steel lining. The size of the lining is based on a cost optimum between construction costs and
generation losses due to head losses.

High Pressure Tunnel and Penstock:

The High Pressure Tunnel connects the Pressure Shaft with the penstocks to the three turbines of
the Powerhouse and includes a Lower Erection Chamber for installation of the steel cans. The
tunnel is excavated as a horseshoe profile and is systematically steel lined with the same inner
diameter as all the other steel lined sections of the Power Waterway.

Tailrace Tunnel:

The 1.4 km long Tailrace Tunnel conveys the turbined flow from the Powerhouse to the Tailrace
Outlet Structure into the Indus River under free-flow conditions. The tunnel is excavated as a
modified horseshoe profile and is systematically concrete lined.

Powerhouse:

The Powerhouse is located in a cavern at the bottom of the Pressure Shaft about 800 m below
natural ground and has two access tunnels from the left bank of the Indus River as shown in
Figure 1-4.

Figure 1-4: Powerhouse layout and plan view

The Powerhouse complex includes the following structures:

 Machine hall with dimensions of 91.2 m length, 45.1 m height and 31.9 m span housing
three machine bays, one erection and unloading bay and one dewatering pit,

 Transformer Cavern with dimensions of 88.7 m length, 17.1 m height and 17.95 m span
housing three three-phase transformer and a gas-insulated switchyard (GIS),
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 Three Insulated Phase Busbar galleries with dimensions of 48.0 m length, 7.70 m height
and 8.20 m span each and three Tailrace Tunnels merging into one tunnel.

Power Evacuation

The switchyard of the Lower Spat Gah HPP will be located in the Transformer Cavern next to the
Powerhouse Cavern and consists of a 220 kV gas-insulated switchgear (GIS). The voltage has
been assumed due to the unknown grid connection requirements from NTDC.

The power will be evacuated through the 0.3 km long Emergency and Power Evacuation Tunnel
and the 1.2 km long Main Access and Power Evacuation Tunnel to the surface. Based on the power
systems study, the NTDC Connection Switchyard will be located near the Power Cavern access
tunnel portals at which the voltage is stepped up from 220 kV to 765 kV. From there a 765 kV
transmission line built by NTDC will connect to the 765 kV Dasu - Mansehra transmission line.

The exact final grid connection point is unknown at the time of writing of this Feasibility Study
Report and the main characteristics of the connection switchyards and power line will have to be
defined once the power system study and transmission line survey have been discussed and
approved by NTDC.

1.13 Hydro-Mechanical Equipment

The hydro-mechanical equipment of the project is as follows:

 Lower Spat Gah Headworks:
o Flushing channels: 9.50 m wide and 23.71 m high radial gate at each channel,

the gate closest to the intake will be equipped with a flap gate on top,
o Flushing channels: Stoplog set for upstream and downstream of radial gates,
o Flushing channels: Gantry crane with 25 ton lifting capacity and 23 m span,
o Residual flow: Steel pipe of 0.8 m diameter with service and maintenance valves,
o Desander intake: 14.10 m wide and 6.6 m high trashrack at each intake,
o Desander intake: Trashrack cleaning machine for the intake,
o Desander intake: 7.00 m wide and 6.60 m high fixed-wheel gate at each intake,
o Desander intake: Stoplog set for fixed-wheel gate,
o Desander basin: Three rows of calming racks at transition zone upstream of each

basin,
o Desander basin: Two 5.10 m wide and 6.15 m high roller gates on top of the end

sill of each basin,
o Desander basin: 1.30 m wide and 1.00 m high sliding gates at the downstream

end of each basin for flushing.
 Lower Gabarband Intake:

o Flushing channel: 4.00 m wide and 7.08 m high radial gate,
o Flushing channel: Stoplog set for upstream of radial gate,
o Residual flow: Steel pipe of 0.3 m diameter with service and maintenance valves,
o Desander intake: 4.20 m wide and 2.0 m high trashrack at each intake,
o Desander intake: Trashrack cleaning machine for the intake,
o Desander intake: 1.40 m wide and 2.00 m high fixed-wheel gate at each intake,
o Desander intake: Stoplog set for fixed-wheel gate,
o Desander basin: Three rows of calming racks at transition zone upstream of each

basin,
o Desander basin: 1.00 m wide and 1.00 m high sliding gates at the downstream

end of each basin for flushing,
o Forebay: 2.10 m wide and 2.10 m high fixed-wheel gate at intake to GRP pipe.

 Power Waterway:
o Lower Spat Gah forebay: Stoplog set for emergency gate,
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o Lower Spat Gah forebay: 5.30 m wide and 5.30 m high fixed-wheel gate for
emergency closure,

o Headrace Tunnel at the Gabarband Crossing: 524 ton steel lining,
o Headrace Tunnel: Butterfly valve upstream of pressure shaft for emergency and

maintenance purposes,
o Upper Erection and Gate Chamber: Crane with 60 ton capacity,
o Pressure Shaft: 673 ton steel lining,
o High Pressure Tunnel: 401 ton steel lining,
o Penstock: 422 ton steel lining,
o Gabarband Intake Tunnel: 10 ton steel pipe at downstream end of GRP pipe,
o Gabarband Intake Tunnel: Butterfly valve just upstream of Headrace Tunnel for

emergency and maintenance purposes,
o Gabarband Intake Tunnel: Chain hoist in junction chamber.

1.14 Electro-Mechanical Equipment

The main purpose of the Powerhouse is to house the mechanical and electrical equipment required
for the three Pelton turbine sets with a spacing of 25 m between units.

The Powerhouse is equipped with three six-nozzle vertical Pelton turbine/generator units with a
total design discharge of 75 m3/s and a total Installed Capacity of 470 MW after the generator.
The maximum gross head of the scheme is 744.58 m, and the net head at design discharge is
722.08 m. The turbine speed has been selected at 428.57 rpm based on the prevailing hydraulic
conditions. The centreline of the turbine is at 765.40 m asl with a freeboard of 2.5 m to the
maximum tailwater level.

A spherical valve is installed upstream of each turbine for turbine isolation and as a secondary
turbine shut-off device in case of failure of the deflector or failure of the Pelton nozzle-needle

The main electrical equipment consists of the three 190 MVA generators with excitation system,
generator switchgear and the three 220 kV three-phase transformers connected via isolated phase
busbars. On the high-voltage side the transformers will be connected to the 220 kV gas-insulated
switchgear (GIS) in the Transformer Cavern.

A 220 kV cable will connect the GIS with the 200/765kV Connection Switchyard via the Emergency
and Power Evacuation Tunnel as well as the Main Access and Power Evacuation Tunnel.

1.15 Transmission Line and Grid Connection

Power Systems Study and Connection Switchyard:

The power systems study’s objective was to evolve an interconnection scheme between the Lower
Spat Gah HPP and the National Grid, for stable and reliable evacuation of electrical power
generated from this Project.

The study evaluated the loop in loop out connection to the nearby 765 kV Dasu-Mansehra
transmission line in the summer 2030. Because the transmission network data beyond 2028 was
not available from NTDC, PPI developed, in agreement with NTDC and to facilitate these power
system studies, an interim Base Case for 2030 to be used for the studies based on i) assumptions
agreed with NTDC and ii) the approved load forecast until 2030 and system data (NTDC
Transmission Plan & IGCEP).

In order to connect to the 765 kV Dasu-Mansehra transmission line, the grid connection is planned
as follows:

 Three 220 kV cables from the power cavern to the Connection Switchyard by the Client,

 765/220 kV Connection Switchyard near the Powerhouse access tunnel portals consisting
of 220 kV GIS yard, auto transformer bank and 765 kV GIS yard with final allocation to
be determined,

 Two 765 kV overhead lines to the Dasu-Mansehra transmission line by NTDC.
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The results of the load flow studies carried out for peak and off-peak load scenarios of summer
2030 showed that the proposed interconnection scheme with all the proposed reinforcements and
the protection schemes is adequate to evacuate the net 470 MW power of the Lower Spat Gah
HPP under normal and contingency steady state conditions.

The maximum short circuit levels at Lower Spat Gah 765 kV are 12.65 kA and 11.17 kA for 3-
phase and 1-phase faults, respectively, in the year 2030. Therefore, industry standard switchgear
of a short circuit rating of 63 kA would be sufficient for installation at the 765 kV Connection
Switchyard of Lower Spat Gah HPP, as the maximum short circuit levels for the year 2030 were
also found to be within this range, taking care of any future generation additions and system
reinforcements in its electrical vicinity and also fulfilling the NEPRA Grid Code requirements
specified for 765 kV switchgears. There are no violations of the power rating of the equipment in
the vicinity of Lower Spat Gah HPP in the event of fault conditions.

The results of the dynamic stability carried out for summer 2030 show that the system is strong
and stable for the proposed scheme for the severest possible faults of 765 kV systems near the
Lower Spat Gah HPP under all events of disturbances. Therefore, there is no problem of dynamic
stability for interconnection of the Lower Spat Gah HPP, it fulfils all the criteria of dynamic stability.
The system is found strong enough to stay stable and recovered with fast damping.

Overall it can be concluded that the proposed scheme of interconnection has no technical
constraints or problems, it fulfils all the criteria of reliability and stability under steady state load
flow, contingency load flows considered, short circuit currents and dynamic/transient conditions.
It is therefore recommended to be adopted.

Transmission Line Survey:

The transmission line survey is still ongoing at the time of writing of this report and will be made
available in due course.

1.16 Environmental and Social Impact Assessment

The overall purpose of the ESIA is to identify the potential environmental and social impacts of
the Project and evaluate them following a process which is acceptable to regulatory authorities in
Pakistan and the Project Lenders. In this process, the ESIA identified measures to minimize any
anticipated adverse impact of the Project, at least to the level that it meets the national and good
international industry practice criteria for evaluation of environmental and social impacts, in
particular the International Finance Corporation’s (IFC) Standards and the Equator Principles.

Besides the standard evaluations and consultations, the ESIA also assessed whether:

 The project would trigger Critical Habitat for any impacted flora or fauna species and to
what extent modified and natural habitats are impacted. This assessment resulted
together with the environmental flow assessment’s conclusions in the preparation of a
Biodiversity Action Plan,

 The Project would cause, reduce or increase cumulative impacts in combination with other
existing and proposed large infrastructure in the region.

Stakeholder Consultations and Grievance Procedure:

Consultations with Project stakeholders were undertaken in late October, November, and
December 2020. A procedure will be adopted to resolve grievances received by the Grievance
Redress Committees. The grievance mechanism will be made public through public consultations
by the Environment and Social Unit of the Power Management Unit and the Consultant.

Baseline Studies and Project Impacts:

During the scoping stage of the ESIA process, several potential environmental and social impacts
of the Project were identified. The physical environment, ecology and socioeconomic environment
baseline surveys were conducted keeping in consideration the potential impacts. A total of
29 relevant project impacts were assessed. After the proposed mitigation measures no negative
impact remained as highly significant. From the impacts which are considered being positive, two
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are expected to achieve a high (positive) impact significance after implementation of the proposed
measures, as presented in Table 1-2.

Table 1-2: Summary of the most significant environmental and social impacts
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24 Employment Direct, indirect and
induced employment
at the local levels,
resulting in
increased prosperity
and wellbeing due to
higher and stable
incomes of people.

C,
O

Res. Moderate Long
term

Inter-
mediate

High Definite High + Medium

25 Training and
Skill
Development

Increase in the stock
of skilled human
capital due to
transfer of
knowledge and skill
under the Project
resulting in
enhanced
productivity of the
local labour.

C,
O

Res. Moderate Long
term

Inter-
mediate

High Possible High + Low

C: Construction (and pre-Construction); O: Operation; Res: Residual; Duration: Long (beyond the life of the
Project)

Environmental Flow Assessment:

An environmental flow assessment for the Spat Gah and Gabarband Rivers, upstream and
downstream of the Project was carried out as part of the ESIA. The objectives of the EFlow
assessment were to assess the environmental (ecological and social) implications of the operation
of Lower Spat Gah HPP on the Spat Gah and Gabarband Rivers, provide stakeholders with the
above information to facilitate informed decision making for Project operation, and support the
development of the Biodiversity Action Plan.

The EFlow assessment paid particular attention to the impacts on the vulnerable and migratory
Snow Trout which is a fish species of concern in regard of conservation significance. The impact
of different flow scenarios on the fish population compared to the baseline was determined so
that the final decision on the environmental flow can be taken by considering the trade-off to
power generation and the survival of the species present in the river.

Cumulative Impact Assessment:

This Cumulative Impact Assessment was prepared as part of the ESIA, with the assessment
following the methodology of IFC. The Valued Environmental and Social Components river
ecology, flow regime and fish fauna were prioritized during the assessment of the fifteen
hydropower projects currently in various development stages in the Spat Gah and Upper Indus
Basin. Climate change, seismicity, unregulated fishing, and waste generation were the three
external stressors impacting the VECs.

Based on the assessment under full development scenario, the main stem of the Indus River will
be highly modified after completion of all 15 hydropower projects. However, relative contribution
of Lower Spat Gah HPP in the cumulative impacts is considered low.
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Biodiversity Action Plan:

A Habitat Assessment for the Project site and vicinity was carried out as part of the ESIA of the
Lower Spat Gah Hydropower Project according to the IFC’s Performance Standard 6. It was
determined that the Project lies in a Natural Habitat both for aquatic and terrestrial environment.
This is because the water of the river is not regulated by any dams, reservoirs, or barrages.
Anthropogenic impacts such as sediment extraction from riverbed and banks (for construction) is
limited, primarily because the Spat Gah Valley is difficult to access and demand for sediment is
low.

In Natural Habitats, ‘no net loss where feasible’ is required for those values for which Natural
Habitat has been designated under IFC PS6. The Biodiversity Action Plan (BAP) was prepared to
meet the requirements of IFC’s PS6. The strategy and approach used for protecting the
biodiversity included the following:

 Setting up an effective protection system that will help to reduce the existing
anthropogenic pressures in the Area of Management which is central to keeping the
integrity of the Area of Management of the BAP intact. This will:

o Curtail illegal fishing including non-selective fishing, fishing in breeding season of
fish, fishing in river tributaries,

o Regulate sediment mining to maintain it at sustainable levels and prevent sediment
mining from ecologically sensitive locations.

 Promote environmental awareness among the local communities and engage them in
protecting the ecological resources,

 Institutional strengthening of custodian government departments.

Resettlement Action Plan:

A Resettlement Action Plan has been prepared for the Project to undertake the resettlement in a
fair and open manner and to minimise social or economic impacts. The basic principles used for
resettlement are derived from Pakistani laws, IFC Performance Standards and ADB’s Safeguard
Policy Statement 2009 so that the livelihoods and standards of living for all affected households
are improved or at least restored.

A total of 90 households will be affected by the execution of the Project based on the resettlement
field survey conducted in October and November 2020. Out of 90 households, 25 households’
residences will be affected, 25 households’ cultivated lands and crops will be affected,
82 households’ uncultivated lands will be affected, 21 households will lose their fruit trees, and
74 households will lose their non–fruit trees. All the affected households losing any asset will be
compensated according to the replacement cost. Every Project Affected Person losing their
livelihood resources or places of income generation because of Project interventions will be
supported with income and livelihood restoration assistance. Moreover, eligible PAPs will also
receive resettlement allowances like relocation allowance, vulnerability allowance, severe impact
allowance etc.

The Resettlement Action Plan also provides a grievance redress mechanism and a monitoring and
evaluation system. It is also anticipated that the Project development will significantly contribute
to the betterment of the socio-economic conditions in the Project area besides better connectivity
and overall improvement of local and regional infrastructure.

1.17 Transportation Survey

A route survey was carried out to identify the best suited transportation route of the heavy and
large equipment brought to Pakistan at Port Qasim in Karachi. The cargo transport with the railway
infrastructure is based on standard containers, thus transportation for non-standard equipment
is via the road network. The heaviest and largest equipment to be transported to the Project site
is the transformer without oil at 125 t and 8.5 (L) x 4.0 (W) x 4.0 m (H).

The selected route from the port via Hyderabad-Lahore-Islamabad-Abbottabad-Manshera-Thakot
to Dasu as shown in Figure 1-1 has been selected because it is the route used for the majority of
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heavy cargo transports in Pakistan. It is the most optimal, feasible and safe route as indicated by
the many past heavy cargo transports using the presented road.

The survey documented the obstacles such as bridges and overhead structures along the route
as observed during the survey in October 2020. As much information as possible about the
minimum dimensions and maximum weight capacity of roads and bridges has been collected from
the relevant authorities for this survey. However, information is often not available to the general
public or firms for bridges located in the Northern Region.

To the Consultant’s knowledge, there is only one obstacle with a road width and clearance smaller
than the largest equipment and civil works may be required in the form of road extension /
expansion over a length of 49 m. All other obstacles on the route to Dasu have a road clearance
of at least 4.6 m.

Possible civil work due to minimum road height and bridge capacity will have to be evaluated by
the logistics subcontractor during the Project execution when the final dimensions are known and
the route feasibility is evaluated.

It is expected that the transformers of the Dasu HPP, which are heavier and larger, will be using
the same route. It is recommended to approach the Project Owners about their transportation
concept and using synergies to be able to transport the Lower Spat Gah HPP equipment with
minor or no adjustments to be borne by the Client for the Lower Spat Gah HPP.

1.18 Energy Calculation

The mean energy generation of the Project with an Installed Capacity of 470 MW is
1,925 GWh/year at the Connection Switchyard if operated as a stand-alone project and
1,931 GWh/year if operated as part of the cascade. The load factor of the plant is 49%.

Two hours of peaking in the morning and evening have been assumed for the energy generation
in the energy model without any restrictions regarding annual peaking availability. This results in
the highest possible peaking energy which can be generated. A 90% annual peaking availability
criterion was applied to back-calculate the peaking design discharge. The criterion means that
90% of the maximum possible annual peaking energy at a specified peaking discharge needs to
be generated.

If the Lower Spat Gah Project is operated within the Spat Gah cascade then the Project design
discharge of 75 m3/s is also the peaking design discharge due to the storage of inflows in the
upper reservoirs during the high-flow season and release during the low-flow season. The
generated peaking energy results to 652 GWh/yr and the peaking availability is 98.9%.

If the Lower Spat Gah Project is operated as a stand-alone scheme, which has to be expected
until the operation of the upstream plants, then the peaking design discharge is 65.5 m3/s to
guarantee a 90% availability. The generated peaking energy amounts to 518 GWh/yr.

1.19 Construction Schedule

The construction of the Lower Spat Gah Project involves several different and independent
construction sites spreading over a wide area. Therefore, as far as the construction schedule is
concerned, the construction of access roads and access tunnels to the different sites becomes an
important and critical part of the construction works.

It has been assumed to start construction of the main access roads in January of Year 1 after the
approval of the Feasibility Study by the Korean and Pakistani governments. The finalisation of the
access road to the Powerhouse portal together with the mobilisation of the EPC Contractor in the
first half of Year 2 will allow for the start of the main works for the Powerhouse complex in the
second half of Year 2.

The Lower Spat Gah Headworks and Lower Gabarband Intake works are dependent on the season
as the initial cut-off wall and intermediate pier construction as well as the cofferdams have to be
constructed during the low-flow season. The Gabarband Crossing of the Headrace Tunnel is
equally dependent on the seasonality of the flows. The construction of the tunnels, shafts and
caverns are independent of the seasons.
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Assuming working times of seven (7) days per week and 365 days per year as well the listed
progress rates, the total construction time is calculated to 7.5 years with 2 years of early works
and 5.5 years of main construction and commissioning works. The following milestones are
calculated:

 Commencement date of access road construction: January Year 1
 Commencement Date of EPC Contract: January Year 2
 Lower Gabarband intake ready for operation: March Year 7
 Lower Spat Gah reservoir ready for impounding: June Year 7
 Waterway ready for filling: October Year 7
 Date of completion: April Year 8
 Commercial Operation Date: June year 8

The construction of the Powerhouse and subsequent installation and commissioning of the units
is on the critical path. However should there be any delay for the access roads, the Headrace
Tunnel, or Lower Spat Gah Headworks, then the critical path also could be for any of those
structures.

1.20 Cost Estimate

An estimate for the direct costs has been prepared with quantities derived from the Feasibility
Study drawings and unit rates based on current hydro IPP market construction costs for the civil
works and budgetary proposals for the E&M equipment.

The EPC costs including contingencies are 814.7 million USD. The indirect costs have been
considered as a percentage of the direct costs (20.4%) and amount to 165.6 million USD. The
total costs without the Interest during Construction (IDC) are thus estimated to 980.3 million
USD. The IDC is based on the equity & loan drawdown pattern as a result of the disbursement
schedule in the given financial analysis and amounts to 104.8 million USD, resulting in total
project costs including IDC of 1,085.2 million USD.

Table 1-3: Cost estimate summary

Item Amount
(million USD)

Direct Costs

Infrastructure and Road Works 93.7

Civil Works 405.0

Hydro-Mechanical and Electro-Mechanical 299.5

Design Studies and Field Investigations 15.0

Total EPC Cost 814.7

Indirect Costs

Non-EPC Costs 165.6

Base Project Cost (without IDC) 980.3

Interest during Construction (IDC) 104.8

Total Project Costs (incl. IDC) 1,085.2

1.21 Financial Analysis

The financial analysis evaluates the Project from the viewpoint of an investor and has been carried
out with the financial model provided by the Client. The financial model has been run with a 30
year operation period, 25%/75% equity/debt ratio, 10% NPV discount rate, 4.9% loan interest,
0% price inflation and an exchange rate of 1 USD = 178.25 PKR. With an equity IRR of 17% as
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granted for hydropower project by NEPRA, the equity NPV results to 256 million USD while the
project IRR and NPV are 9.6% and 112 million USD, respectively.

One of the main indicators of the financial analysis are the corresponding energy tariffs based on
the equity IRR of 17%. The energy tariff comprises the Energy Purchase Price (EPP) and the
Capacity Purchase Price (CPP) according to the Power Generation Policy 2015 by the Government
of Pakistan as shown in Table 1-4. The energy tariff resulted to 9.87 US cent/kWh for years 1-12
and 5.31 US cent/kWh for years 13-30, with a levelized tariff of 8.61 US cent/kWh.
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Table 1-4: Proposed energy tariff

Tariff Component

Energy Purchase Price (EPP) US cent/kWh PKR/kWh

Water Use Charge 0.2384 0.4250

Variable O&M 0.1006 0.1793

Subtotal EPP 0.3399 0.6043

Capacity Purchase Price (CPP) US
cent/kW/month PKR/kW/month

Fixed O&M - Foreign 158.3931 282.3356

Fixed O&M - Local 105.5954 188.2237

Insurance 144.4562 257.4932

Return on Equity during development 252.0455 449.2712

Return on Equity during construction 168.3605 300.1026

Return on Equity 817.7132 1,457.5737

Debt Service - Principle (average year 1-12) 1,202.5194 2,143.4908

Debt Service - Interest (average year 1-12) 406.0618 723.8052

Subtotal CPP 3,255.1451 5,802.2961

Energy Tariff US cent/kWh PKR/kWh

Levelized 8.6094 15.3462

Year 1-12 9.8737 17.5999

Year 13-30 5.3128 9.4701

Several sensitivity analyses have been carried out based on the financial model by varying
numerous parameters and determining the impact on the financial results and energy tariffs. The
varied parameters include the hydrological inflow, head loss, construction costs and OPEX costs.
Special attention should be paid if the change in costs can result in a tariff adjustment or not.



Feasibility Study
Volume 0: Executive Summary and Salient Features

Page 23

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

2 Salient Features

Location

Country Pakistan
Province Khyber Pakhtunkhwa

Lower Spat Gah Headworks
Spat Gah River
73°18'41" E, 35°10'35" N (WGS84)
3226780 E, 1223092 N (SoP)

Lower Gabarband Intake
Gabarband River
73°18'06" E, 35°13'18" N (WGS84)
3225632 E, 1228075 N (SoP)

Headrace Tunnel Gabarband Crossing
Gabarband River
73°16'24" E, 35°13'12" N (WGS84)
3223036 E, 1227771 N (SoP)

Powerhouse
Indus River
73°13'14" E, 35°14'11" N (WGS84)
3218178 E, 1229334 N (SoP)

Tailrace Tunnel Outlet Structure
Indus River
73°12'37" E, 35°14'38" N (WGS84)
3217191 E, 1230131 N (SoP)

Hydrology

Catchment area
Lower Spat Gah Headworks: 1,066 km2

Lower Gabarband Intake: 307 km2

Average annual discharge
Lower Spat Gah Headworks: 40.7 m3/s
Lower Gabarband Intake: 8.1 m3/s

Floods – Lower Spat Gah Headworks
Design flood: 1,622 m3/s (1,000-year)
Check flood: 2,595 m3/s (10,000-year)
Safety flood:  2,595 m3/s (10,000-year, n-1)

Floods – Lower Gabarband Intake
Design flood: 530 m3/s (1,000-year)
Check flood: 850 m3/s (10,000-year)
Safety flood:  530 m3/s (1,000-year, n-1)

Lower Spat Gah Reservoir
Full Supply Level (FSL) 1,510.00 m asl
Minimum Operating Level (MOL) 1,500.00 m asl

Flood level – Design flood 1,498.98 m asl
Flood level – Check flood 1,503.46 m asl
Flood level – Safety flood (check flood, n-
1) 1,510.74 m asl

Reservoir volume at FSL 0.41 million m3

Surface area at FSL 0.044 km2

Backwater length at FSL 0.2 km
Spat Gah Dam and Flushing Channels

Type
Clay core rockfill dam
Gated flushing channel concrete structure

River bed level ~1,487 m asl
Crest elevation 1,512.00 / 1,513.00 m asl
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Maximum height 39 m

Crest length
Dam: 124.4 m
Flushing channels:  43.0 m

Gates 3 radial gates
Gate dimensions 9.50 m wide x 23.71 m high
Channel sill level 1,488.00 m asl

Residual flow 1.22 - 3.97 m3/s
Lower Spat Gah Headworks Intake
Type Lateral

Inlet sill level 1,497.80 m asl
Number of intakes Three
Inlet size (W x H) 14.10 m x 6.60 m (each)

Lower Spat Gah Headworks Desander
Number of basins 6
Design grain size 0.3 mm

Main dimensions of basins (L x W x H) 110 m x 13.7 m x 17.2 m
Flushing gate Sluice
Headrace Tunnel

Type Pressurised

Length 10.9 km (start after inlet to upper erection
chamber)

Shape Horseshoe
Excavation size 4.90 m wide x 6.55 m high
Inner diameter 5.30 m concrete / 4.00 m steel lining

Slope 1.5% / 12.0% / 0.75%
Lower Gabarband Intake Reservoir
Normal Operating Level (NOL) 1,553.00 m asl

Flood level – Design flood 1,556.77 m asl
Flood level – Check flood 1,558.28 m asl
Flood level – Safety flood (design flood, n-
1) 1,557.66 m asl

Reservoir volume at NOL 4,000 m3

Surface area at NOL 1,700 m2

Backwater length at NOL 65 m
Lower Gabarband Intake

Type Concrete gravity with ungated spillway and gated
flushing outlet

River bed level ~1,548 m asl
Crest elevation 1,559.40 m asl
Maximum height 20.9 m
Weir width 31.0 m

Gates
1 radial gate (flushing channel)
Ungated spillway

Gate dimensions Flushing gate: 4.00 m wide x 7.08 m high
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Weir sill level
Spillway: 1,553.00 m asl
Flushing: 1,548.00 m asl

Residual flow 0.23 – 0.33 m3/s

Gabarband Intake Tunnel
Length 2.36 km (portal to chamber)
Slope 9.2%

Flow conditions Free-flow in upstream part and pressurised flow
in downstream part in GRP pipe

Excavation method Drill and Blast
Tunnel profile Horseshoe
Lining type Shotcrete

Pipe diameter 2.10 / 1.90 / 1.70 m
Pipe invert level at forebay 1,548.50 m asl
Pipe invert level at start chamber 1,335.11 m asl

Pressure Shaft
Type Pressurised

Length 0.46 km (bottom upper chamber to top lower
chamber)

Shape Circular
Excavation diameter 5.30 m

Inner diameter 4.00 m
High Pressure Tunnel
Type Pressurised

Length 69 m (lower erection chamber to first bifurcation)
Shape Horseshoe
Excavation size 4.90 m wide x 6.55 m high

Inner diameter 4.00 m
Slope 0.5%
Surge Shaft

Type Vertical shaft
Length 0.39 km (bottom to invert adit)
Excavation diameter 7.70 m

Inner diameter 6.50 m
Powerhouse
Type Cavern

Flood level – Design flood 762.40 m asl
Turbine unit type Vertical Pelton
Number of units 3

Design discharge 3 x 25 m3/s = 75 m3/s with no overload
Turbine level 765.40 m asl
Gross head at FSL 744.58 m

Net head (at design flow and FSL) 722.08 m
Maximum turbine capacity 3 x 159.3 MW = 478.0 MW
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Installed Capacity (after generator) 470 MW
Rated Capacity 3 x 190 MVA = 570 MVA

Synchronous unit speed 428.57 rpm
Tailrace Tunnel
Type Free-flow

Length 1.31 km
Shape Horseshoe
Excavation size 5.85 m wide x 8.25 m high

Slope 0.1%
Invert outlet structure 756.32 m asl
FSL Patan Reservoir (future) 760.00 m asl

Switchyard
Type GIS
Voltage level 220 kV

Energy Production

Average annual energy output Stand-alone 1,925 GWh
Cascade 1,931 GWh

Load factor 0.49
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List of Abbreviations

Abbreviation Meaning
2D two-dimensional

AC alternate current
ADB Asian Development Bank
AIS air-insulated switchgear
ASR Alkali-Silica Reaction

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
ASTM American Society for Testing and Materials International
BAP Biodiversity Action Plan

BID Background Information Document
BoP Balance of Plant
BoQ Bill of Quantities

BS British Standard
CAPEX Capital expenditure
CCRD Clay Core Rockfill Dam

CCTV Closed Circuit TV
CE Construction Earthquake
CFRD Concrete Faced Rockfill Dam

CMTL Central Material Testing Laboratory
COD Commercial Operation Date
CPP Capacity Purchase Price

CPT Cone Penetration Test
CVC Conventional Vibrated Concrete
D diameter

D&B Drill and Blast
d/s downstream
DBE Design Basis Earthquake

DC direct current
DEM Digital Elevation Model
Dh hydraulic diameter

DIN German Institute for Standardization (Deutsches Institut für Normung)
DN Diameter Nominal
DSCR Debt Service Coverage Ratio

DSHA Deterministic Seismic Hazard Analysis
E east
E&M electro-mechanical

e.g. for example
ENE east-northeast
EOT electric overhead traveling

EMME Earthquake Model of the Middle East
EPC Engineering, procurement, and construction
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EPP Energy Purchase Price
ESIA Environmental and Social Impact Assessment

FCFE Free Cash Flow to Equity
FFA flood frequency analysis
FS factor of safety

FS Feasibility Study
FSL Full Supply Level
GCB generator circuit breaker

GRP glass-reinforced plastic
GIS gas-insulated switchgear
GLIMS Global Land Ice Measurements from Space

GPCC Global Precipitation Climatology Centre
GSI Geological Strength Index
GSW Galvanized Steel Wire

H height
HM hydro-mechanical
HPP Hydropower Project

HPU hydraulic power unit
HQ xx Flood with a return period of xx years
HRT Headrace Tunnel

HV high voltage
HVAC heating, ventilation and air conditioning
i.e. that means

IC Installed Capacity
ICOLD International Commission on Large Dams
IDC Interest During Construction

IEC International Electrotechnical Commission
IFC International Finance Corporation
IGCEP Indicative Generation Capacity Expansion Plan

IPB Insulated Phase Busbar
IRR Internal Rate of Return
KKH Karakoram Highway

KP EPA Khyber Pakhtunkhwa Environmental Protection Agency
KPK Khyber Pakhtunkhwa
L length

LAA Los Angeles Abrasion
LAN local area network
LC load case

LCC load case combination
LG Lower Gabarband
LIBOR London Inter-bank Offered Rate
LK Lahmeyer & Knight Piesold

LLCR Loan Life Coverage Ratio
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LS lump sum
LSDH Lower Spat Gah drillhole

LSG Lower Spat Gah
LSTP Lower Spat Gah test pit
LV low voltage

MAPET Main Access and Power Evacuation Tunnel
MCE Maximum Credible Earthquake
MDE Maximum Design Earthquake

MG Middle Gabarband
MIV main inlet valve
MOL Minimum Operating Level

MoU Memorandum of Understanding
MS Middle Spat Gah
MV medium voltage

N north
N/A Not applicable, not available
NATM New Austrian Tunnelling Method

NE northeast
NEPRA National Electric Power Regulatory Authority
NHA National Highway Authority

NOL Normal Operating Level
NPV Net Present Value
NTDC National Transmission & Despatch Company

NW northwest
O&M Operation & Maintenance
OBE Operating Basis Earthquake

ODWF Oil Directed Water Forced
OFWF Oil Forced Water Forced

ÖGG Austrian Society for Geomechanics (Österreichische Gesellschaft für
Geomechanik)

OPC Ordinary Portland Cement
OPEX operating expense

OPGW Optical Ground Wire
PAP Project Affected Person
Pcs pieces

PEDO Pakhtunkhwa Energy Development Organization
PGA peak ground acceleration
PH Powerhouse

PID Proportional-integral-derivative
PIRR Project Internal Rate of Return
PMF Probable Maximum Flood

PMP Probable Maximum Precipitation
PS Performance Standards



Feasibility Study
Volume 1: Main Report

Page vi

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

PSHA Probabilistic Seismic Hazard Assessment
Q discharge

QD design discharge
RAP Resettlement Action Plan
RD raise drilling

Rh hydraulic radius
RMR rock mass rating
RMT rock mass type

ROE Return on Equity
RQD Rock Quality Designation
S south

SE southeast
SEE Safety Evaluation Earthquake
SF safety factor

SPC Special Purpose Company
SPT Standard Penetration Test
SPV Special Purpose Vehicle

SWHP Surface Water Hydrology Project
T time
TBM Tunnel Boring Machine

TL Transmission line
TRCM trash rack cleaning machine
TRMM Tropical Rainfall Measuring Mission

TRT tailrace tunnel
u/s upstream
UCS unconfined compressive strength

UG Upper Gabarband
UPS uninterruptable power supply
US Upper Spat Gah

USACE U.S. Army Corps of Engineers
USBR United States Bureau of Reclamation
V:H vertical to horizontal

VAT value-added tax
VSS Video Surveillance System
W west

W width
w x h width by height
WAPDA Water and Power Development Authority

WC Water column
WGS World Geodetic System
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List of Units

Symbol Unit

% percent

° degree

°C degree Celsius

Ah amp hour

cm centimetre

cm/s centimetre per second

d day

d50 diameter at which 50% of a sample's mass is comprised of smaller
particles

dm mean diameter

g gravitational constant (9.81 m/s2)

GPa Gigapascal

GWh Gigawatt hour

h Hour

ha hectare

Hz Hertz

K Kelvin

kA kiloampere

kg/m3 kilogram per cubic metre

km kilometre

km2 square kilometre

kN kilonewton

kN/m2 Kilonewton per square metre

kN/m3 Kilonewton per cubic metre

kNm Kilonewton metre

kPa kilopascal

kst Strickler value

kV kilovolt

kWh kilowatt hour

l litre

lbs pounds

m metre

m asl metre above sea level

m/s metre per second

m2 square metre

m3 cubic metre
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m3/s cubic metre per second

Ma million year

mbar millibar

min minute

mm millimetre

mm2 square millimetre

MN/m3 Meganewton per cubic metre

MPa Megapascal

mUSD million USD

MVA Megavolt amperes

MW Megawatt

Pa Pascal

PKR Pakistani Rupees

rpm revolutions per minute

s second

t ton

USc United States Cent (1 USc = 0.01 USD)

USD United States Dollar

USD/m United States Dollar per metre

USD/m3 United States Dollar per cubic metre

V volt

VA volt-ampere

yr year
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1 Introduction

1.1 General

AFRY Thailand (AFRY or “the Consultant”), which was formerly operating under the name of Pöyry 
Thailand, has been contracted by the KHNP-Consortium (or the “Client”) to carry out a Feasibility 
Study for the Lower Spat Gah Hydropower Project, herein called Lower Spat Gah HPP, in the 
Khyber Pakhtunkhwa Province (KPK) of Pakistan.

In addition to KHNP, the following companies are part of the KHNP-Consortium and will also 
participate in the Project as Construction Investors:

 KEPCO Plant Service & Engineering Co., Ltd.,
 Korea Overseas Infrastructure & Urban Development Corporation, 
 Sambu Engineering & Construction Co., Ltd.
 Lotte Engineering & Construction Co., Ltd.,
 Daelim Industrial Engineering & Construction Co., Ltd.,
 Doosan Heavy Industry & Construction Co., Ltd.,

The KHNP-Consortium has established the Special Purpose Company (SPC) LSG Hydro Power 
Limited (or the “LSG SPC”) in Pakistan in March 2021.

AFRY’s services for the Inception Phase commenced on 01 February 2019 with the Letter for
Notice of Awarding the Contract. The Inception Report from May 2019 contained the
recommendations for the preferred arrangement for the Lower Spat Gah Headworks, waterway,
Gabarband Intake and Powerhouse which were studied in the Alternatives Study as well as the
recommendation for the design discharge and Installed Capacity from the Optimisation Study (see
Volume 6). The preferred layout and design discharge were selected as the basis for the Feasibility
Study.

The preferred layout was then designed as a desktop study at Feasibility level to serve as a basis 
for the field investigation of the Feasibility Study.

AFRY’s services of the Feasibility Study Phase commenced on 09 September 2020 with the Letter 
for Notice of Awarding the Contract. The main purpose of this Feasibility Study is to present the 
findings of this Feasibility Study as well as a short summary of the previous Project phases. The 
report includes the Project technical descriptions and drawings. The goal is to assess the Project’s 
technical feasibility and the bankability, and to provide the Client all necessary information to 
make a fully informed decision on whether to proceed with the implementation of the Project.

To achieve this goal, the following specific and complementary services were performed as basis 
for this Feasibility Study:

 Complementary geological and geotechnical investigations,
 Seismic hazard assessment study,
 Complementary topographic survey and investigations,
 Sediment monitoring, analysis and investigations,
 Access roads study,
 Installation and operation of two new gauging and rainfall stations,
 Transmission line study, power system study and transmission line survey, 
 ESIA,
 Road and infrastructure survey. 

1.2 The Project

The Lower Spat Gah Project is located in the Kohistan District, in the Khyber Pakhtunkhwa 
Province of Pakistan. The Spat Gah valley is located on the left bank of the Indus River and starts 
about 4 km downstream of Dasu town. The access to the Lower Spat Gah Headworks site is from 
Dasu and includes about 18 km of drivable roads and tracks as well as footpath sections.
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The Spat Gah and Gabarband Rivers have an unexploited catchment area of about 1,066 km2 and
307 km2 at the Lower Spat Gah Headworks site and the Lower Gabarband Intake respectively.

The Project area has a very rugged topography ranging from undulating terraces on the relatively
narrow valley floor of Spat Gah having a slight to moderate slope to very high mountains with
steep to precipitous slopes. The Lower Spat Gah Headworks and reservoir will be located in the
valley occupying the terraces and steep slopes of the mountains bounding the valley on the north
and south sides. The entrance to the Power Cavern will be located in a steep slope of a high
mountain facing the Indus River.

The Lower Spat Gah Project is part of a hydropower cascade in the Spat Gah and Gabarband
valleys, which includes the three stages Upper Spat Gah, Middle Gabarband and Lower Spat Gah.
The Project has been developed as part of that cascade in the 2008 Pre-Feasibility Study and the
2010 Feasibility Study. The characteristics of the three cascade stages are described in
Chapter 1.4.

1.3 Project History

A reconnaissance study prepared by Knight Piesold and Lahmeyer International in 1997
investigated the hydropower development for the Spat Gah valley on a very preliminary level.

A Pre-Feasibility Study for the Palas valley and Spat Gah valley was carried out for the Pakistan
Water and Power Development Authority (WAPDA) in 2006 and 2007 by a Joint Venture of Pöyry,
ILF and ACE. The study investigated the hydropower potential in both valleys and developed
conceptual designs of the schemes. Their overall ranking and recommendation for further
development of the lower stages is documented in the final 2008 Pre-Feasibility Study Report [2].

A Feasibility Study including staff gauge installation, terrestrial surveys, extensive geological site
investigations and ESIA was conducted for WAPDA by the same Joint Venture following the Pre-
Feasibility Study and is documented in the final 2010 Report [3].

In December 2012 a Memorandum of Understanding (MoU) was signed between WAPDA, the
government of Khyber-Pakhtunkhwa and Korea Midland Power Company to develop the Project
in a public-private partnership. The partnership included the Pakistani government, Korea Midland
Power, Daelim, Lotte Engineering & Construction, and POSCO Engineering.

Additional site investigations including a drillhole at the Powerhouse area were carried out for
Daelim by Geotech Consultant in 2013 as part of a geological due diligence [4]. Technical advisory
services were provided for Daelim by Mott MacDonald and included a review of the existing
Feasibility Study [5] and proposed Project alterations [6].

KHNP signed a MoU with the Khyber-Pakhtunkhwa government in November 2018 to develop the
Lower Spat Gah Project in a public-private partnership and in February 2019 KHNP appointed
AFRY to conduct the update of the Feasibility Study (herein called Feasibility Study) including the
Alternatives Study and Optimisation Study as a desktop study mainly.

The Inception Report [8] was submitted with a recommended Project layout and design discharge.
Based on economic indicators and risk assessments, a layout with a Lower Spat Gah weir, Lower
Gabarband diversion discharge of 10 m3/s, Headrace Tunnel alignment 3 with 10.7 km length,
vertical Pressure Shaft and Underground Powerhouse with a design discharge of 75 m3/s with no
overload was selected for the Feasibility Study of the Lower Spat Gah Project.

The KHNP-Consortium also appointed AFRY to conduct a new ESIA and a number of
complementary studies including field investigations as part of the Feasibility Study services with
the objective to comply with the applicable terms of reference (ToR) for a Feasibility Study in
Pakistan. This Report is the final outcome of AFRY’s services summarizing the findings of the
Feasibility Study and is for the Pakistani government.

1.4 Projects in the Spat Gah Valley

The cascade on the Spat Gah and Gabarband Rivers was developed during the 2008 Pre-Feasibility
Study [2] for a cascade operation of peaking plants, with the Lower Spat Gah Project further
developed during the 2010 Feasibility Study [3]. During the Feasibility Study, the Full Supply
Level of the Upper Spat Gah and the Installed Capacity of all projects were adjusted. The cascade
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consists of the following projects (Figure 1-1) and salient features as a result of the 2010
Feasibility Study:

 Upper Spat Gah (uppermost project):

o Upper Spat Gah dam and reservoir: reservoir with 40 million m3 live storage (33
times the live storage of the Lower Spat Gah reservoir),

o Upper Gabarband weir and intake: diversion from Gabarband into waterway,

o Catchment area: 759 km2 at dam and 226 km2 at weir,

o Mean annual inflow: 29 m3/s at dam (75% of the inflow reaching Lower Spat Gah
dam site) and 6 m3/s at weir (15% of the inflow reaching Lower Spat Gah dam
site),

o Powerhouse with 3 Pelton turbines, 60 m3/s total design discharge and 199 MW
total Installed Capacity.

 Middle Gabarband:

o Middle Gabarband dam and reservoir: reservoir with 12.2 million m3 live storage
(10 times the live storage of the Lower Spat Gah reservoir),

o Middle Spat Gah weir and intake: diversion from Spat Gah into Middle Gabarband
reservoir,

o Catchment area: total catchment 280 km2 at dam (54 km2 intermediate
catchment downstream of Upper Gabarband weir) and total catchment 831 km2
at weir (72 km2 intermediate catchment downstream of Upper Spat Gah dam),

o Mean annual inflow: 7.2 m3/s at dam from total catchment (1.2 m3/s from
intermediate catchment downstream of Upper Gabarband weir) and 30.9 m3/s at
weir from total catchment (1.9 m3/s from intermediate catchment downstream of
Upper Spat Gah dam),

o Powerhouse with 3 Pelton turbines, 66 m3/s total design discharge and 424 MW
total Installed Capacity.

 Lower Spat Gah (lowermost project):

o Lower Spat Gah dam and reservoir: 57 m high concrete face rockfill dam
impounding a reservoir with 1.2 million m3 live storage,

o Lower Gabarband weir and intake: Tyrolean weir with 0.2 km long diversion and
0.5 km long shaft feeding the headrace tunnel,

o Catchment area: total catchment 1,066 km2 at dam (235 km2 intermediate
catchment downstream of Middle Spat Gah weir) and total catchment 307 km2 at
weir (27 km2 intermediate catchment downstream of Middle Gabarband dam),

o Mean annual inflow: 38.8 m3/s at dam from total catchment (7.9 m3/s from
intermediate catchment downstream of Middle Spat Gah weir) and 7.7 m3/s at
weir from total catchment (0.7 m3/s from intermediate catchment downstream of
Middle Gabarband dam),

o Pressurised headrace system with 12.6 km long tunnel, 1.1 km long inclined shaft
and surge tank,

o Underground Powerhouse with 3 Pelton turbines, 81 m3/s total design discharge,
496 MW total Installed Capacity and 0.5 km long free-flow tailrace tunnel.
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Figure 1-1: Spat Gah cascade with Upper Spat Gah HPP, Middle Gabarband HPP and Lower Spat Gah HPP
(from [3])

The Middle Gabarband HPP and Upper Spat Gah HPP have not been further developed since the
2008 Pre-Feasibility Study according to the Consultant’s knowledge. The main benefits of a
cascade of hydropower projects from the Lower Spat Gah perspective are:

 Natural inflow into the reservoir controlled by the two upstream reservoirs,

 Increased plant availability for peaking / plant utilization / installed capacity & firm energy,

 Reduced spillage / increased power output,

 Upstream reservoirs used as sediments traps / reduced sediments load.

The Lower Spat Gah HPP is designed as the lowermost scheme of the cascade of hydropower
projects. The turbine level of Middle Gabarband HPP, located upstream of Lower Spat Gah HPP,
and the maximum Full Supply Level of Lower Spat Gah HPP were set during the cascade
development in the 2008 Pre-Feasibility Study. The Middle Gabarband HPP turbine level is at
1,515 m asl.

A Full Supply Level of 1,510 m asl was set in the Pre-Feasibility Study for the Lower Spat Gah
Headworks, thus not impacting the turbine operation and the power generation of the planned
Middle Gabarband HPP.

During the 2021 Feasibility Study the cascade was not re-optimized and the Full Supply Level at
Lower Spat Gah Headworks was kept at 1,510 m asl to avoid a reduction of the available head of
the Middle Gabarband HPP. Lower Spat Gah HPP does therefore not disturb the concession limits
of the upstream cascade project Middle Gabarband HPP.

1.5 Projects on the Indus River

Pakistan plans to develop the five hydropower projects Bunji, Diamer-Basha, Dasu, Patan and
Thakot as part of the North Indus River Cascade (Figure 1-2). The construction of the Dasu HPP
with its dam located 7 km upstream of Dasu has started in June 2017 with the mobilisation of the
main Civil Works Contractor. The completion of Stage 1 with 6 turbine-generator units is
scheduled for 2023.

The Lower Spat Gah Tailrace Outlet Structure is located downstream of the tailrace of Dasu HPP,
thus Lower Spat Gah HPP does not impact the concession limits of Dasu HPP.

The Patan HPP dam is located about 3 km upstream of the village Patan and the reservoir extends
35 km upstream to the Dasu HPP dam. The planned Full Supply Level of 760 m asl of the reservoir
as provided in a former study sets the tailwater level of the Lower Spat Gah Project.

The Lower Spat Gah turbine centreline has been determined using the Patan flood water level as
downstream boundary condition with sufficient freeboard. Thus Patan HPP does not impact the
Lower Spat Gah turbine centreline and power generation, and Lower Spat Gah HPP does not
disturb the concession limits of Patan HPP.
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Figure 1-2: Location of North Indus River hydropower projects

1.6 Organisation of the Studies

1.6.1 General

The Lower Spat Gah Feasibility Study services were divided into two main phases as follows:

 Inception Phase:

o Hydrology update,

o Seismic Hazard Assessment Study,

o Project Review,

o Alternatives and Optimisation Studies,

o Inception Report.

 Feasibility Study:

o Sediment monitoring, analysis and investigations (started in September 2020 -
ongoing),

o Complementary topographic survey and investigations (October 2020 and April
2021),

o Route survey (April 2021),

o Complementary geological and geotechnical investigations (May 2021),

o Installation (April and May 2021) and ongoing operation of the gauging and
rainfall stations,



Feasibility Study
Volume 1: Main Report

Page 6

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

o Access roads study (October 2021),

o ESIA (Draft March 2022),

o Transmission line study, power system study and transmission line survey
(ongoing).

The Inception phase consisted of the update of the hydrological study and the identification of the
most promising concept of the main Project features Lower Spat Gah Headworks, Lower
Gabarband Intake, Headrace Tunnel, Pressure Shaft and Powerhouse. The subsequent
Optimisation Study resulted in the selection of the design discharge as basis for the Feasibility
Study Phase design.

The Feasibility Study consisted of a new ESIA, several field surveys and specific studies as
required in the ToR issued by the Pakistani government for a Feasibility Study as basis for a full
update of the previous Feasibility Study.

1.6.2 Feasibility Study Report

The Feasibility Study Report is divided into the following fourteen (14) volumes:

 Volume 0: Executive Summary and Salient Features

 Volume 1: Main Report

 Volume 2: Topography

 Volume 3: Hydrology

 Volume 4: Geology

 Volume 5: Seismicity

 Volume 6: Alternatives and Optimisation Studies

 Volume 7: Project Design

 Volume 8: Mechanical and Electrical Equipment

 Volume 9: Transmission Line Studies

 Volume 10: Transportation and Infrastructure Survey

 Volume 11: Environmental and Social Impact Assessment

 Volume 12: Project Schedule and Cost Estimate

 Volume 13: Financial Analysis

 Volume 14: Drawings

This Volume 1 provides the main report of the Feasibility Study.

1.7 Objectives of this Report

The objectives of this Feasibility Study are as follows:

i) To conduct a technically feasible Feasibility Study based on the previous Project phase’s
input as well as the results of the updated hydrology, seismic and field studies with the
goal to optimise the costs and the power energy revenues.

ii) To make an economic evaluation with a cost estimate based on the budgetary proposals
and energy calculations based on the design, and providing the evaluation of the
bankability to the Client to proceed with the implementation of the Project.

iii) To prepare this Feasibility Study Report.
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1.8 Available Information

The following data was reviewed for this Feasibility Study:

[1] Chor Nala Hydel Development Conceptual Study Final Report, Volume 4, Lahmeyer
International & Knight Piesold Consulting Engineers, July 1998

[2] Pre-Feasibility Study Report, Palas Valley / Spat Gah Hydropower Complex, Volumes 1-
13, Palas Valley – Spat Gah Hydropower Consultants (PHSC), a Joint Venture of Pöyry,
ILF and ACE, 29 February 2008

[3] Feasibility Study Report, Lower Spat Gah Hydropower Project, Volumes 1-10 and
Executive Summary, Palas Valley – Spat Gah Hydropower Consultants (PHSC), a Joint
Venture of Pöyry, ILF and ACE, 26 March 2010

[4] Feasibility Study Due Diligence, Confirmation of Feasibility Study and Appendix, Lower
Spat Gah HPP, Geotech Consultant, June 2013

[5] Phase 1 – Review of Feasibility Study, Lower Spat Gah Hydroelectric Project, Mott
MacDonald, April 2013

[6] Phase 2 – Project Enhancements, Lower Spat Gah Hydroelectric Project, Mott
MacDonald, March 2014

[7] Alternatives Study Memo, Lower Spat Gah Hydropower Project, Pakistan, Pöyry Energy
Ltd., 5 April 2019

[8] Final Inception Report, Lower Spat Gah Hydropower Project, Pakistan, Pöyry Energy
Ltd., 24 May 2019

[9] Probabilistic Seismic Hazard Assessment Report, Lower Spat Gah HPP, Pakistan, Studer
Engineering, 21 June 2019

[10] Access Roads - Design Criteria Memorandum, Final, Lower Spat Gah Hydropower
Project, Pakistan, AFRY Thailand Ltd., 06 November 2020

[11] Airbus Topography - Memorandum, Revision Final, Lower Spat Gah Hydropower Project,
Pakistan, AFRY Thailand Ltd., 08 January 2021

[12] Topography - Satellite DEM, Spatiotriangulation Report EL1-TR1-PAKISTAN-
SO20204282, Final Rev 1, Lower Spat Gah Hydropower Project, Pakistan, Airbus
Defence & Space and AFRY Thailand Ltd., 05 January 2021

[13] Topography - Ground Control Points, Final Rev 2, Lower Spat Gah Hydropower Project,
Pakistan, Country Survey & Mapping Services PLC and AFRY Thailand Ltd., 19 April 2021

[14] Topography - GPS Survey - Memorandum, Final Rev 2, Lower Spat Gah Hydropower
Project, Pakistan, AFRY Thailand Ltd., 22 April 2021

[15] Route Survey Report, Final Rev 3, Lower Spat Gah Hydropower Project, Pakistan, deugro
and AFRY Thailand Ltd., 22 April 2021

[16] Geotechnical Investigation Report, Lower Spat Gah Hydropower Project, District
Kohistan, KPK, Pakistan, IVCC Engineering, June 2021

[17] Gauging Station - Installation Report, Final, Lower Spat Gah Hydropower Project,
Pakistan, Engineering Axis and AFRY Thailand Ltd., 07 July 2021

[18] ESIA - Dam Break Analysis Report, Final, Lower Spat Gah Hydropower Project, Pakistan,
AFRY Thailand Ltd., 29 September 2021

[19] Access Road Study Design Report, Final, Lower Spat Gah Hydropower Project, Pakistan,
AFRY Thailand Ltd., 21 October 2021

[20] ESIA, Draft for KP EPA, Lower Spat Gah Hydropower Project, Pakistan, AFRY Thailand
Ltd., 23 February 2022

[21] Sediment Monitoring and Interpretation Report, Final, Lower Spat Gah Hydropower
Project, Pakistan, AFRY Thailand Ltd., 21 March 2022
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[22] Gauging Station –Rating Curve Report, Final, Lower Spat Gah Hydropower Project,
Pakistan, AFRY Thailand Ltd., 28 June 2022

[23] Transmission Line - Power Market Study, Draft Report, Lower Spat Gah Hydropower
Project, Pakistan, AFRY Thailand Ltd., 02 November 2022

[24] Transmission Line – Power System Studies, Draft Report, Lower Spat Gah Hydropower
Project, Pakistan, AFRY Thailand Ltd., 02 Novemberr 2022
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2 Location and Access

Corresponding Drawings

LSG-FS-000-001 Project Overview, Project Location, Overview Map

LSG-FS-000-002 Project Overview, Project Overview, General Arrangement

LSG-FS-050-001 to 031 Project Access Roads

2.1 Project Location

The Lower Spat Gah Project is located in Northern Pakistan in the Kohistan District in the Khyber
Pakhtunkhwa Province. The Lower Spat Gah Headworks are located at the Spat Gah River, the
Lower Gabarband Intake is located at the Gabarband River and the Powerhouse Tailrace Outlet
Structure is at the Indus River.

The Spat Gah valley is accessible from Dasu and located about 4 km south of Dasu.

Figure 2-1: Lower Spat Gah Project location in the area

2.2 Access

2.2.1 Airport

The nearest international airport to the Project site is the Islamabad International Airport, which
is located about 350 km from Dasu.

2.2.2 Road to Dasu

The main access point for the Lower Spat Gah Project from Islamabad is via the Islamabad -
Peshawar highway for about 60 km to the Hasan Abdal intersection, and from Hasan Abdal on the
main Karakoram Highway (KKH) for about 295 km to the Komila bridge just south of Dasu.
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2.2.3 Existing Roads from Dasu to Project Site

During the site visit in April 2019 the different access roads from the Komila bridge south of Dasu
to the Project sites and their current road conditions were documented as shown in Figure 2-2
and this chapter.

The current one-lane site access road starts at the Komila bridge which crosses the Indus River
south of Dasu. From this bridge until shortly before the Goshali bridge (section 1) the road is
asphalt paved, afterwards a gravel road continues. The unpaved road section from the Goshali
bridge to the confluence of the Spat Gah and Gabarband Rivers (section 2) can only be accessed
by vehicles like pick-ups, jeeps or smaller vehicles. The unpaved road section in the Spat Gah
valley from the confluence of the Spat Gah and Gabarband Rivers until Baja village (section 3) is
manageable by pick-ups and jeeps but at the limit of the vehicle capabilities. The narrow road in
the Spat Gah valley between Baja village and 900 m downstream of the Lower Spat Gah
Headworks axis (section 4) is accessible for small jeeps but not for pick-ups. The section between
the avalanche and the Lower Spat Gah Headworks (section 5) as well as the section in the
Gabarband valley from the confluence of the Spat Gah and the Gabarband up to the Lower
Gabarband Intake (section 6) is only accessible on foot. The recorded average driving speed in
sections 1 to 4 was 8 - 10 km/h.

Figure 2-2: Sections of access roads and conditions

Section 1

Compared to the previous investigation phase a decade ago the access conditions seem to be
without major changes.

Section 1

Section 2

Section 3

Section 4

Section 5

Section 6
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Section 1: Asphalt paved road

Section 1: Asphalt paved road:

partly steep descent to Goshali
bridge

Goshali bridge, crossable with pick-
ups but not with heavy load
vehicles

Figure 2-3: Access road section 1 (Komila to Goshali bridge)

Section 2

The unpaved road section 2 starting from Goshali shows differing conditions. Very narrow,
overhanging rock slopes alternate with flatter and wider sections (Figure 2-4).
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Section 2: alternate inclined gravel
road

Section 2: narrow road section with
overhanging rock slopes

Section 2: wider gravel road section

Figure 2-4: Access road section 2 (Goshali bridge to confluence Spat Gah/ Gabarband)

Section 3

The third road section in the Spat Gah valley from the confluence of the Spat Gah and Gabarband
Rivers until Baja village still shows alternate road sections. Compared to section 2 the accessibility
is more challenging. The ride in section 3 is manageable by pick-ups and jeeps but at the limit of
the vehicle capabilities (Figure 2-5).
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Section 3: wide and more
favourable road section

Section 3: narrow road section

Section 3: wide and more
favourable road section
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Section 3: narrow road with
overhanging rocks (limitation for
vehicle height)

Figure 2-5: Access road section 3 (Spat Gah valley from Gabarband confluence to Baja village)

Section 4

The fourth road section in the Spat Gah valley between Baja village and 900 m downstream of
the Lower Spat Gah Headworks axis is accessible for small jeeps but not for pick-ups (Figure 2-6).
During the site visit this section could not be accessed by vehicle, especially due to the reduced
width of the road.

Section 4: alternate road surface
(gravel and rock surface)
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Section 4: favourable gravel road
section

Section 4: end of the road section
which is accessible with a jeep.
Avalanche reaches down to Spat
Gah, can be seen in the background
of the jeep.

Figure 2-6: Access road section 4 (Spat Gah valley from Baja village to avalanche)

Section 5

The fifth section (starting approximately 900 m downstream of the headworks site) between the
avalanche and the headworks site is only accessible on foot (Figure 2-7).
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Section 5

Section 5: Footpath blasted in rock

Figure 2-7: Access road section 5 (Spat Gah valley from avalanche to dam site)

Section 6

The road section 6 in the Gabarband valley from the confluence of the Spat Gah and the
Gabarband up to the Lower Gabarband Intake is only accessible on foot (Figure 2-8). The formerly
existing hanging bridge at the entrance of the Gabarband valley is destroyed and replaced by a
small wooden bridge only for pedestrians.
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Section 6: Footpath Gabarband
valley

Section 6: Footpath Gabarband
valley

Figure 2-8: Access road section 6 (Gabarband valley from Spat Gah confluence to intake)

2.2.4 New Access Roads

A new bridge will be built across the Indus River north of the Tailrace Outlet Structure. This
shortens the access and new bridge guarantees sufficient loading capacity for the transport of the
heavy and valuable E&M equipment. The existing road in the Spat Gah valley will have to be
upgraded and new roads will have to be built in order to reach the different project structures as
shown in Figure 2-9.

The roads have been designed for two-way heavy traffic during construction and operation. The
following permanent and construction roads will have to be either upgraded or built to meet the
Project needs:

 The access roads between the new Indus bridge (No. 10 in Figure 2-9) and the main
access road to the Lower Spat Gah Headworks as well as to the Tailrace Outlet Structure
and the Power Cavern access tunnel portals will be 1.1 km long.

 The access road to the Upper Erection and Gate Chamber (No. 12 in Figure 2-9) will be
3.7 km long from the junction with the main access road.

 The temporary construction road to the surge shaft chamber access tunnel at the top of
the Surge Shaft (No. 13 in Figure 2-9) will be 3.7 km long from the junction with the
Upper Erection and Gate Chamber access road.

 The access road within the Spat Gah valley (No. 14 in Figure 2-9) from the junction with
the Upper Erection and Gate Chamber access road (No. 12 in Figure 2-9) to the Lower
Spat Gah Headworks (No. 1 in Figure 2-9) will be 18.1 km long.
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 The temporary construction road to the Lower Spat Gah Headworks right bank will be
0.5 km long between the Lower Spat Gah Headworks access road (No. 14 in Figure 2-9)
and the bridge to the right bank.

 The access road in the Gabarband valley (No. 16 in Figure 2-9) to the Gabarband Crossing
(No. 5 in Figure 2-9) will be 2.8 km long from the junction with the Lower Spat Gah
Headworks access road.

The access to the Lower Gabarband Intake is through the adit tunnel left bank at the Gabarband
Crossing and the Gabarband Intake Tunnel. A surface road between the Gabarband Crossing and
the Lower Gabarband Intake has not been considered due to geological risks as described in
Volume 4 - Geology, Chapter 7.3 The existing road between Dasu and the Project will only be
used for the construction of the road at the beginning of the Project. The new bridge and the
roads from the bridge will be used during the construction and operation of the Project when they
are available. Table 2-1 shows the classification of the road conditions based on the existing
access conditions as presented during the April 2019 site visit.

Table 2-1: Estimated road conditions

Road Section Description Length
(km)

Existing main road up to Goshali bridge Medium geotechnical effort (rock
support) 4.1

Existing road between Goshali bridge and
Spat Gah and Gabarband Rivers confluence

High geotechnical effort (rock
support, retaining walls, gabions) 5.1

Other road sections (excluding tunnel near
Lower Spat Gah Headworks)

High geotechnical effort including
avalanche galleries and bridges 20.7

Figure 2-9: Access roads of Lower Spat Gah Project
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An access concept to catch and release snow trout based on the findings of the ESIA will have to
be determined in the next Project phase.

A specific and detailed access road study has been performed for the current Feasibility Study to
accurately define the alignment, prepare a design, estimate the quantities for the cost estimate
and establish construction progress rates of the Project.

The roads will first be built with as a simple gravel road to be used during construction and the
final road surface pavement will be added at the end of the construction to increase the access
roads durability and avoid costly repair works during construction.

The design vehicle for the design of the permanent access roads to the Lower Spat Gah Headworks
and Lower Gabarband Intake is the WB15 / WB 50 intermediate semitrailer taken from AASHTO.
All roads to the surge shaft chamber access tunnel (temporary) or to the Upper Gate and Erection
Chamber (permanent) need to enable the safe transport of earth / rock moving equipment and
the equipment needed for the raise boring method that will be shipped in 12.95 m overseas
containers. The 125 ton transformers shall be shipped on trailers not exceeding a maximum axle
load of 14.5 tons.

The most important geometric parameters for the two lane road alignments are as follows:

 Passing width: 5.0 m

 Width of unpaved shoulders (verge): 0.5 m

 Total road width: 6.0 m

Natural hazards such as snow fall, rockfall, flash water and flooding, avalanches and mud flows
have been taken into account for the access road design as the terrain in the Lower Spat Gah
Project area is extremely steep. Different measures such as rockfall protection netting, sufficient
distance to rivers to adhere to respective flood return periods, avalanche galleries, bridges and
tunnels are foreseen based on the expected conditions. The existing bridges along the access road
to the Lower Spat Gah Headworks and the bridge at the Gabarband confluence have been re-
designed to suit the Project’s requirements. In additional 4 avalanche galleries are foreseen along
the access road to the Lower Spat Gah Headworks. One tunnel directly next to the Lower Spat
Gah Headworks and two tunnels along the access road to the Gabarband Crossing provide easier
and safer access.

The new Indus Bridge will be a steel arch bridge with one span of 108 m. On the left river bank a
comparatively high abutment will be built to reduce the bridge span and thus result in an overall
economical solution. The underside of the bridge has been designed with 10 m freeboard to the
Patan reservoir Full Supply Level, allowing for a vessel to pass underneath in case of flood
conditions.

The design of the access roads is given in Annex 5 of Volume 7 - Project Design of this Feasibility
Study.

The upstream Middle Gabarband and Upper Spat Gah HPPs would also benefit from the new Indus
Bridge and the newly constructed access roads of the Lower Spat Gah Project.
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3 Power Market Study

3.1 Introduction

This chapter summarises the comprehensive power market study conducted to assess the
feasibility of the Lower Spat Gah Project keeping the future perspective of generation and load
demand as the key factors. The complete report is attached in Volume 9 – Transmission Line
Studies.

3.2 Power Demand

The demand forecasts for the year 2031 were established for the three demand growth scenarios
Low Demand Forecast, Medium Demand Forecast and High Demand Forecast in line with the
Indicative Generation Capacity Expansion Plan (IGCEP). The results of the forecasted demand are
listed in Table 3-1. The demand includes the K-Electric import demand.

Table 3-1: Demand forecast for year 2031

Current
Demand

Low Demand
Forecast 2031

Medium Demand
Forecast

High Demand
Forecast

GDP growth assumption - 4.4% 5.4% 6.4%

NTDC power demand (MW) 23,746 41,039 44,081 47,328

NTDC energy generation
requirement (GWh) 126,890 213,158 228,877 245,663

3.3 Power Generation Capacity

The present installed generation capacity in the National Transmission and Dispatch Company
(NTDC) system is 37,934 MW and the fuel-wise generation mix as of March 2022 is shown in
Figure 3-1.

Figure 3-1: Existing generation mix based on installed generation capacity in 2022

The power generation capacities for the year 2031 were established for various energy generation
technologies. This includes existing projects, committed projects as well as optimized projects
picked from the candidates projects. The retirement of existing projects or those whose power
purchase agreements expire have also been considered.
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The committed and optimized hydro, thermal, bagasse, solar and wind projects are the same in
the three demand forecast scenarios. The only difference in the three demand forecast scenarios
is the optimized new local coal-based power generation. The Lower Spat Gah Project was assumed
to be part of the optimized projects.

For the Low Demand Forecast scenario, the total optimized installed capacity in the NTDC system
in year 2031 was worked out to be 60,573 MW. Figure 3-2 presents the optimized mix in 2031
based on installed generation capacity.

Figure 3-2: Optimized generation mix in 2031 under the Low Demand Forecast of IGCEP

3.4 Power and Energy Balances

The power and energy balance simulations were carried out for 2031 projected demand and
supply in the NTDC system. Monthly power and energy balances were carried out for the three
demand forecast scenarios for the year 2031 coinciding with the expected commissioning date of
the Lower Spat Gah Project. The basic premise of the power and energy balances were to show
that there is enough power and energy demand in the NTDC system which can absorb Lower Spat
Gah Project without affecting the dispatch of all must run power plants in the NTDC system.

To account for uncertainties in the completion of the optimized hydropower project due to
technical and commercial formalities and other critical steps for implementation, which would lead
to a delay beyond the horizon of the study, two cases have been studied:

 Case 1: 100% completion of optimized hydropower projects as planned by 2031.

 Case 2: 50% completion of optimized hydropower project as planned with the other 50%
spilling over the study horizon and therefore not available by year 2031.

For the power and energy balances it was assumed that the must run plants are dispatched ahead
of the thermal plants in the NTDC system. The thermal plants are dispatched in accordance with
their economic merit order based on their energy cost.

The power balances of the Case 2 with Low Demand Forecast scenario, as shown in Figure 3-3,
demonstrate that there was enough demand in the NTDC system that could be absorbed by the
capacity offered by the must run plants, including the Lower Spat Gah Project. The spill over
demand that would be supplied through thermal generation. The energy balances show the same
result. In fact, the same conclusion is reached for the combination of the two cases and three
demand scenarios.
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Figure 3-3: Power balances in 2031 under the Low Demand Forecast scenario for Case 2

3.5 Conclusion

The IGCEP contains an optimistic assessment on development of hydropower and other renewable
energy resources for the three demand growth scenarios low, medium and high. There is a
likelihood that a number of committed and optimized hydropower plants may slip on their
commissioning timelines, stall for a long duration or even be abandoned by their sponsors.
Therefore, the NTDC system may not be having adequate capacity to meet the demand in 2031.
Given the history of generation projects’ development in the country, Case 2: 50% planned
capacity additions of hydropower projects appears to be the most probable.

The power and energy balances demonstrate that in 2031 there was enough demand in the NTDC
system in all demand growth scenarios and capacity addition cases that could be met by the
projected capacity offered by the must run plants, including the Lower Spat Gah Project. The
addition of the Lower Spat Gah Project will not have any adverse impact on energy generated by
any must run plant.

Over the period 2023-2031, the NTDC system would have enough thermal generation capacity to
take up the spill over energy and provide back up and reserve capacity.

The development of the Lower Spat Gah Project will benefit the national grid in more ways than
one. It will inject clean energy into the system from a climate change perspective, provide
indigenously produced energy in meeting the energy security goals for the country and provide
cheap energy compared to that of imported fuels such as RLNG, coal and RFO based thermal
power plants.
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4 Topography

Corresponding Drawings

LSG-FS-010-001 Topography, Overview of Available Data, Topographic Surveys

4.1 Introduction

This chapter summarises Volume 2 – Topography which presents the topographic data of the
Lower Spat Gah Project.

4.2 Available Topography 2008 and 2010

4.2.1 Overview Map of Project Area

A Digital Elevation Model (DEM) of the Spat Gah cascade area based on the 20 m pixel spacing
SPOT-5 satellite data has been purchased during the Pre-Feasibility Study [2]. The topographic
data is available in 100 m contour intervals.

4.2.2 Detailed Topography

The following detailed topographic surveys were conducted by ARCO during the 2008 Pre-
Feasibility Study and 2010 Feasibility Study at the Lower Spat Gah Headworks, Lower Gabarband
Intake, Powerhouse and access road areas (Figure 4-1) in the SOP coordinate system:

 Lower Spat Gah Headworks and reservoir area:

Preliminary terrestrial survey, AutoCAD file contains measured points and generated 5 m
contour intervals.

 Lower Spat Gah Headworks area:

Terrestrial survey, AutoCAD file contains measured points and generated 2 m contour
intervals.

 Lower Gabarband Intake area:

Terrestrial survey, AutoCAD file contains measured points and generated 2 m contour
intervals.

 Surge Shaft and Powerhouse area:

Terrestrial survey, AutoCAD file contains measured points and generated 5 m contour
intervals.

 Access road in Spat Gah valley:

Terrestrial survey, AutoCAD file contains measured points and generated 1 m contour
intervals.
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Figure 4-1: Location and extent of overall and detailed topographic surveys of Lower Spat Gah Project (from
[3]), overall topography is Airbus topography

4.3 Airbus Topography

4.3.1 Ground Control Point Survey and Airbus Topography

Good topographic data was needed for the dam break study, Gabarband Crossing design and
access road design because the overall DEM from 2008 as described in Chapter 4.2.1 is not
sufficiently accurate. Therefore, a topographic survey based on satellite images was undertaken
by Airbus Defence & Space. A Digital Surface Model (DSM) and Digital Terrain Model (DTM) of the
whole Project area have been generated from a high resolution Pleiades stereo imagery. The
Airbus deliverables have been produced using the WGS84 UTM 43N projection and EGM2008
vertical datum.

In order to achieve horizontal and vertical resolutions < 2 m, 12 ground control points (GCP)
throughout the Project area were surveyed by Country Survey & Mapping Services (CSMS) in
October 2020.

4.3.2 Post-Processing of Airbus Topography

The transformation parameters from the 2010 Feasibility Study [3] were used to transform the
WGS84 Airbus topography into the SoP system, but the transformed topography showed a large
horizontal and vertical offset compared to the ARCO topography. Because the Airbus topography
could not be matched with the ARCO topography using the 2010 transformation parameters, an
additional field survey as documented in Chapter 4.3.3 was conducted. New ground control points
were required to establish a reliable transformation.
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4.3.3 GPS Survey 2021

The Global Position System (GPS) survey consisted of Differential Global Positioning System
(DGPS) observations, in order to determine firm and accurate transformation parameters between
WGS84 and SoP. The following Differential Global Positioning System (DGPS) observations at the
Lower Gabarband Intake and in the Spat Gah valley between the Lower Spat Gah Headworks and
Indus River were performed:

 Observation of 5 control points in DGPS static mode,

 Observation of 21 control points in DGPS Real-Time-Kinematic (RTK) mode,

 Observation of 5 benchmarks from 2009 ARCO topography survey in DGPS RTK mode.

The five (5) control points were measured in WGS84 in two independent measurements over
six hours on two different days in DGPS static mode. The resulting coordinates and elevations
then served as a basis for the other control point and benchmark observations. The results shall
also be used for future surveys, including the data for the Dasu benchmark as shown in Table
4-1. The WGS84 geodetic coordinates and elevations of all the observations are shown in
Volume 2.

Table 4-1: Results of static DGPS survey (WGS84 geodetic coordinates)

Location ID
Latitude Longitude Elevation (m asl)

N E Orthometric Ellipsoid

Dasu BM Dassu 35° 16' 14.90023" 73° 13' 23.02529" 777.994 750.331

4.3.4 Transformation Parameters

The following map projection system of Survey of Pakistan (SoP) were used for the transformation
process:

 Projection type: Lambert Conformal Conic Two Parallel

 Origin latitude: 32°30'00.00000" N

 Origin longitude: 68°00'00.00000" E

 False Easting: 2’743’196.400 m

 False Northing: 914’398.800 m

 First Standard Parallel: 30° 05‘ 54.56000‘‘ N

 Second Standard Parallel: 35° 31‘ 42.94000‘‘ N

 South azimuth system: No

The SoP system is using the India/Everest 1956 Ellipsoid:

 Semi-major Axis a: 6’377’301.243 m

 Inverse flattening 1/f: 300.8017255000

Geoid model:

 No geoid model is applied in the SoP system

Using the WGS84 coordinates of the 2021 GPS survey (Chapter 4.3.3) and the corresponding SoP
coordinates as determined from the ARCO topography, the transformation parameters between
the global and local coordinate system were established. Points with residuals which were too
large were discarded from the calculation.

The transformation parameters were established for two different transformation models, the
Bursa Wolf model as shown in Figure 4-2 and the Molodensky-Badekas model as shown in Figure
4-3.



Feasibility Study
Volume 1: Main Report

Page 26

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

 The translation vectors (Δx, Δy, Δz) and the corresponding standard deviations (RMS Δx,
RMS Δy, RMS Δz) of the Bursa Wolf model refer to the coordinates of the numerical zero
point of the start system (WGS84).

 The translation vectors (Δx, Δy, Δz) and the corresponding standard deviations (RMS Δx,
RMS Δy, RMS Δz) of the Molodensky-Badekas model refer to the coordinates of the centre
of gravity of all control points of the starting system.

 The transformed coordinates, the angles of rotation (Rx, Ry, Rz), the scale factor and the
residuals in the control points are completely identical in both models.

The Molodensky-Badekas transformation was performed in addition to the Bursa Wolf
transformation in order to proof the accuracy and reliability of the transformation parameters.
Figure 4-3 shows the accuracy which is in the range of ±0.15 m. These small residuals show the
good quality of the DGPS survey as well as the reliability of the ARCO’s topography at the control
point locations. The complete transformation reports of both models are given in Volume 2 -
Annex 7 and show that the residuals of the points used for the transformations are within 1.18 m
for East/North and within 1.56 m for the height.

Figure 4-2: Transformation parameters with Bursa Wolf model

Figure 4-3: Transformation parameters with Molodensky model
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4.3.5 Comparison of the Topography

After the transformation parameters between the WGS84 and SoP system were established, the
Airbus topography was transformed from the WGS84 to the SoP system. The transformed
topography was then compared with the ARCO topography to determine if the transformation can
be considered successful for the intended purpose.

The comparison showed a good match between the Airbus and ARCO topographies. Some
discrepancies were however noted, mainly in areas covered with forests, shaded areas and steep
slopes as originally anticipated by AFRY. Some of the areas showed elevation differences of up to
10 m and more. In general it seems that the algorithm establishing the DTM from the DSM
overestimated the vegetation cover.

The following conclusions can be drawn from the topography comparison:

 The transformed Airbus topography matches pretty well with the ARCO topography. The
intended purpose of the transformation is achieved,

 In steep areas, shaded areas and areas with dense vegetation the differences can reach
up to 10-20 m,

 The ARCO topography is considered more precise/detailed than the Airbus topography
because the Airbus DTM is established using photogrammetry,

 It is acknowledged that the ARCO topography shows some local inaccuracies, for example
in the riverbed (which may also be partly explained by some changes due to flood events)
and at the right abutment at the Headworks (which can be attributed to small landslides
based on satellite images over time).

Because the ARCO topography is considered preferable to the Airbus topography, the ARCO
topography is used wherever available for the design, that means at the Lower Spat Gah
Headworks, Lower Gabarband Intake, Powerhouse area and along the Spat Gah road. The Airbus
DTM topography will be used for all other areas, thus mainly the Power Waterway in general, the
Gabarband Crossing and the Gabarband access road.

4.4 Recommendations

A new terrestrial survey of the relevant Project areas is recommended before Project execution
as basis for the Detailed Design.
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5 Hydrology

Corresponding Drawings

LSG-FS-020-001 Hydrology, Catchment Areas & Gauging Stations, Overview Map

LSG-FS-020-002 Hydrology, Hydrological Information, Inflow Curves, Flood & Temperature
Data & LSG Reservoir Curves

5.1 Introduction

This chapter summarises Volume 3 - Hydrology, which covers the main results of the 2008 Pre-
Feasibility Study [2] and the 2010 Feasibility Study [3] and includes updates based on additional
data covering the time period since the 2010 Feasibility Study.

5.2 Hydro-Meteorological Data

5.2.1 Data Collection and Processing

Data has already been collected and used during the Pre-Feasibility Study [2] and Feasibility
Study [3]. New data was requested and received for the current study. Table 5-1 and Table 5-2
give an overview of all the available data for this study, which was received with daily data values.

It is noted that the station Garhi Habibullah was severely damaged in 1992 and subsequently
shifted to downstream location (Talhata Bridge) after 1993. Only the name Talhata is used for the
gauge for the complete period from 1960-2016 in this report.

The discharge gauges are displayed in Figure 5-1.

Figure 5-1: Discharge gauges around the Project area
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Table 5-1: Discharge data
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Table 5-2: Meteorological data
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5.2.2 New Discharge and Rainfall Gauging Stations in Project Area

Within the Lower Spat Gah Project area, no current discharge or rainfall measurements were
available as the existing WAPDA Goshali station is not operated. Therefore one water level and
one rain gauge was installed near the Lower Spat Gah Headworks in April 2021 as well near
Goshali Bridge in May 2021 by Engineering Axis. The location of both stations has been selected
based on hydrological conditions and adjusted on site due to land availability. The water levels
are measured in 15 min intervals while the rain is logged hourly. Discharge measurements are
taken regularly and a preliminary stage-discharge rating curve has been established in April 2022
with bathymetry sections taken at the stations. Longer period of water level measurements,
especially in the high-flow season, and more discharge measurements, are necessary to improve
the quality and accuracy of the newly developed rating curves (ongoing activity).

5.2.3 Data Evaluation

5.2.3.1 Discharge

Only one gauging station is currently operated in the Lower Spat Gah catchment, which is the
Goshali gauge. It is situated around 2 km upstream of the confluence of the Spat Gah and Indus
Rivers. Discharge data for this gauge is available from 1994-1999, April 2007 to July 2010, and
January 2011 to December 2016 (Figure 5-2).

The discharge data from 1994 – 1999 shows very high peaks in the first years and very low
discharge during the year 1999 and is therefore considered as doubtful.

The discharge data from April 2007 to September 2009 are considered as the most reliable, since
this new gauge was installed by Pöyry during the 2010 Feasibility Study including a significant
number of discharge measurements and detailed analyses as a basis for rating curve
development.

During this period observations were recorded manually on a daily basis (3 readings per day) as
well as automatically every 15 minutes. In 2009 the gauge was handed over to WAPDA. In 2010
an extreme flood event occurred at the end of July, obviously damaging the station and resulting
in a data gap until the beginning of 2011. However, no explicit information on the damage that
occurred during the flood event and the measurement method that was applied after 2011 is
available. Figure 5-2 shows that the periods of daily discharge measurements at Goshali show a
significant difference between the periods of 2007-2009 and 2011-2016. Especially the years from
2013 onwards show much less inter-daily variations and are also considered to be doubtful.

Therefore only the data from 2007 to 2009 was used as a basis for estimation of long-term inflow
series (see Chapter 5.4.2)

Figure 5-2: Discharge measurements at Goshali between 2007 and 2016
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Naran and Talhata show the best data quality and long-time series without gaps, hence the
following discharge analyses were mainly based on the data of these two gauges.

5.2.3.2 Double Mass Curves

Double mass curves of the new gauge data and TRMM precipitation are plotted. Based on the
experience of the Consultant, TRMM series can be considered quite homogenous, however it is
appreciated that they may be affected by considerable systematic errors, but not so much by data
instationarities. They were therefore used as a reference series in the double mass curve analyses.

Generally it was found that the data from Talhata can be considered to be the most homogenous.

5.3 Catchment Characteristics

5.3.1 Catchment

The Project area is located in Upper Kohistan District (Khyber Pakhtunkhwa Province)
approximately 160 km north of Islamabad. The location of the Lower Spat Gah Headworks and
the Lower Gabarband Intake, and their catchment areas are shown in Figure 5-3 and Table 5-3.

Figure 5-3: Catchment areas of the Lower Spat Gah Project

The catchment areas of Lower Spat Gah Headworks and Lower Gabarband Intake were adopted
from the previous studies and verified with the ASTER digital elevation model.

Table 5-3: Catchment areas of Lower Spat Gah Project

Location Latitude
 (°)

Longitude 

(°)
Catchment Area 

(km²)
Lower Spat Gah Headworks 35.1799 73.3280 1,066

Lower Gabarband Intake 35.2217 73.3019 307
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5.3.2 Precipitation

During the 2008 Pre-Feasibility Study [2] and 2010 Feasibility Study [3] detailed analyses on the
precipitation characteristics were carried out. Generally it was challenging to define the detailed
characteristics as no rainfall stations are located within the Lower Spat Gah catchment.

Rainfall stations situated in the west and east of the Project location show only one precipitation
maximum in the winter months which is caused by the westerlies. Stations located further south
show high precipitation during July and August which is caused by the monsoon. Stations in the
north are very dry.

Generally it can be derived from the station data that the south of the Spat Gah catchment gets
more precipitation than the north but it remains partly unclear to which extent the monsoon
reaches up to the Spat Gah valley.

5.4 Inflow Hydrology

5.4.1 Water Balance Analyses

The runoff at the Spat Gah cascade weir/dam locations had been previously determined by the
Consultant with a water balance analysis in the 2010 Feasibility Study. This sub-chapter is adopted
from the 2010 Feasibility Study. The runoff results were used as scaling factors for the calculation
of the inflow series of the cascade locations (see chapter 5.4.2).

5.4.2 Construction of Long Discharge Time Series

The regression model that was used for the calculation of the long time series at the Project sites
in the 2008 Pre-Feasibility Study [2] and 2010 Feasibility Study [3] had been set up on a monthly
basis.

In the current study the energy simulations are modelled on an hourly basis to reproduce the
influence of the intra-daily operation of the reservoirs more accurately. Therefore the previous
regression model could no longer be used to derive the inflow time series for the energy
simulations.

For the generation of a long daily inflow time series, daily observations at the neighbouring Talhata
gauge - which is located 88 km away from Goshali - were used, based on a formula proposed by
Andréassian et al. (2012). The parameters were calibrated in an iterative way to fit the resulting
simulated discharge series well to the observed discharge data of Goshali during the period April
2007 to September 2009 (Figure 5-4). This period is considered to have the best data quality
(see Chapter 5.2.3.1).

Figure 5-4: Observed and simulated natural discharge at Goshali

The calibrated formula was then applied to the discharge data of Talhata from 1960 – 1992 and
1996 to 2016 (the observed values were used for the period April 2007 to September 2009) to
get an inflow time series at Goshali. This was then reduced by the relation of the catchment areas
of Goshali and Lower Spat Gah to derive the Lower Spat Gah inflow series (Figure 5-5).
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Figure 5-5: Inflow series at Lower Spat Gah Headworks

This approach led to a mean annual discharge at the Lower Spat Gah Headworks which is slightly
higher than the one derived with the water balance considerations in the 2010 Feasibility Study
(see also Chapter 5.4.1). In the absence of long-term inflow series within the catchment area and
considering the fact that the (doubtful) flow records collected at Goshali before 2007 and after
2011 showed considerably lower values than estimated for the long-term mean in the 2010
Feasibility Study, it was decided not to directly use the Goshali flow series derived from the Talhata
records based on the formula of Andréassian. Instead some conservativism was applied and the
Goshali flow series derived from the Talhata records were reduced by 2% based on the
Consultant’s experience and engineering judgement.

The mean annual flow of the discharge time series including information of 1996 to 2003 is
however still higher than the mean annual flow considered in the 2010 Feasibility Study. This goes
well in line with the Mott MacDonald review [5] which states that the Goshali inflow time series
calculated in the 2010 Feasibility Study [3] might have been underestimated, since there was a
moderate increase of the discharges compared to the ones calculated in the 2010 Feasibility
Study.

The mean annual discharges resulting from the runoff calculation (Chapter 5.4.1) were used as a
scaling factor to calculate the inflow time series of all Spat Gah and Gabarband dam and weir
location from the Lower Spat Gah inflow series.

5.4.3 Mean Inflow and Flow Duration Curves

The updated mean annual runoff and discharge values are listed in Table 5-4 for all dam and weir
locations of the cascade. The annual distribution of natural inflow and the flow duration curves of
the Lower Spat Gah Project are shown in Figure 5-6, Table 5-5 and Figure 5-7.
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Table 5-4: Mean natural annual runoff and discharge of the cascade locations

Location Catchment
Area
(km²)

Runoff
(mm)

Mean
Discharge
 (m³/s)

2010 Mean Discharge
(from [3])

(m³/s)
Upper Spat Gah 759 1,267 30.5 29.0

Middle Spat Gah 831 1,233 32.5 30.9

Lower Spat Gah 1,066 1,204 40.7 38.8

Upper Gabarband 226 878 6.3 6.0

Middle Gabarband 280 856 7.6 7.2

Lower Gabarband 307 828 8.1 7.7

Figure 5-6: Mean monthly natural inflow of Lower Spat Gah and Lower Gabarband weir sites

Table 5-5: Mean monthly streamflow

Month 1 2 3 4 5 6 7 8 9 10 11 12

Discharge
(m³/s)

Lower Spat Gah
Headworks 8.9 9.9 17 38 76 113 96 57 32 18 13 10

Lower Gabarband
Intake 1.8 2.0 3.4 7.6 15 22 19 11 6.3 3.5 2.5 2.0
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Figure 5-7: Flow duration curves of natural inflows of Lower Spat Gah and Lower Gabarband weir sites

5.5 Flood Estimates

5.5.1 Flood Design Values for Lower Spat Gah Headworks

Flood design values up to the 10,000-year flood were in two ways:

 Regional flood frequency analysis (FFA) approach based on statistical analyses of flood
events in neighbouring catchments

 Observations from the Goshali gauging station

The flood values using the flood frequency analysis were calculated via the specific flood peak
discharge and a correction factor of 1.15 which accounts for the difference in monsoon exposure,
as applied in the Pre-Feasibility Study. The median of the best fitting probability distributions for
the extended Talhata series were used.

The analysis of the observation data at Goshali did not include data from 2011 onwards as the
newly available data is doubtful (Chapter 5.2.3.1). The extreme flood in July 2010 was however
included in this updated analysis. The flood peak on 29 July 2010 can only be estimated based on
proxy data. The calculation from the discharge at Talhata gauge leads to a peak value of 720
m³/s, which still seems to underestimate the real peak value. Therefore a value of 800 m³/s was
chosen. This value is also close to the discharge level at which severe damage of the gauging
station was expected when the station was designed and installed by Pöyry in 2007.

Table 5-6 shows the results of the updated regional FFA and the updated results from the
observations at Goshali. Since the regional FFA is based on a much longer time series, the values
of this analysis are recommended as the design values to be used.

Table 5-6: Results of different flood estimation approaches and updated design flood values

Recurrence
Interval
(years)

Flood Discharge (m3/s)
Goshali Observation

Update
Recommended Design Values -

Regional FFA Update
1 195 195

2 265 261

5 390 388

10 505 494

20 605 614
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Recurrence
Interval
(years)

Flood Discharge (m3/s)
Goshali Observation

Update
Recommended Design Values -

Regional FFA Update
30 690 694

50 825 797

100 960 950

200 1,100 1,125

500 1,290 1,391

1,000 1,435 1,622

5,000 2,220 2,299

10,000 2,460 2,595

5.5.2 Design Floods for Lower Gabarband Intake

Table 5-7 shows the updated results with both applied methods for the Lower Gabarband Intake,
as in Table 5-6 for the Lower Spat Gah Headworks. As for the Lower Spat Gah Headworks, the
recommended design values are based on the regional FFA due to the very long available time
series used for this analysis.

Table 5-7: Updated design flood values for Lower Gabarband Intake

Recurrence
Interval
(years)

Flood Discharge (m3/s)

Goshali Observation
Update

Recommended Design Values -
Regional FFA Update

1 - 65

2 140 85

5 205 125

10 270 160

20 320 200

30 365 225

50 435 260

100 510 310

200 585 365

500 685 455

1,000 760 530

5,000 1,175 750

10,000 1,300 850

5.5.3 Estimation of Probable Maximum Flood

In the 2008 Pre-Feasibility Study a heavy rain-on-snow event occurring at the beginning of the
monsoon period, when large parts of the catchment are still snow-covered, has been identified as
most critical situation causing floods in the Project area.

The general scenario as it was applied in the Pre-Feasibility Study has also been adopted for PMF
calculations in the 2010 Feasibility Study. However, the detailed analyses of the snow cover based
on satellite images revealed that the assumption on the extent of the snow cover at the beginning
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of the monsoon period had been too conservative. Furthermore some of the meteorological
parameters relevant for snowmelt computations had to be adjusted in order to be within a
plausible range. This applies first of all to the temperature data. The observations of air
temperature at Goshali showed that for a precipitation event in June a temperature of 25°C at an
elevation of 1,000 m asl is not a realistic assumption. Also the assumed wind speed has been
reduced slightly.

Precipitation-runoff computations for the Lower Spat Gah dam site have been carried out using
precipitation events (PMP+Melt) of different durations as input data. The duration of the
precipitation resulting in the maximum flood peak was considered to determine the PMF event. In
case of the Lower Spat Gah dam site this was the 12 hour rainfall event. The calculated PMF
values are listed in Table 5-8.

Table 5-8: PMF computed for Lower Spat Gah Headworks (from [3])

Lower Spat Gah
Critical duration t (h) 12
PMF (m³/s) 3,625

5.6 Sediments

An analysis of sediment transport in the Lower Spat Gah catchment was already carried out in
the Pre-Feasibility Report [2], based on the following data:

 Review of earlier studies,

 Findings in the literature,

 Data from neighbouring catchments,

 Data collected during site visits.

This analysis was further refined during the 2010 Feasibility Study with the following additional
data taken into account and tasks performed.

 Analyses of regular sampling of suspended sediment at Goshali Bridge,

 Numerical simulation of bed load transport in the Lower Spat Gah reservoir area.

For this new Feasibility Study the suspended sediment data from Talhata Bridge was available for
the period from January 2007 to December 2016.

5.6.1 Suspended Load

As part of the 2010 Feasibility Study a sediment sampling programme was started in April 2007.
Samples of suspended sediment were taken in regular intervals at the gauging stations Goshali
(Spat Gah valley) and Sarchoy (Palas valley). Besides that a few samples were also collected at
the Lower Spat Gah and Lower Palas dam sites.

The samples showed a concentration of suspended load in the range between 2 ppm (low flow
period in autumn and winter) and 100 ppm (snow melt and summer floods). The concentration
of the samples are widely scattered but show a clear trend towards higher concentrations at
higher discharges.

Generally the concentrations of suspended sediments observed at Goshali were significantly lower
than expected. Two possible sediment rating curves were derived from the sampled data and
results based on the upper envelope curve were considered as conservative estimates.

Besides the grain size distribution also a petrographic analysis was carried out for a selected
sample. The content of Quartz is in the range of 40%, which is rather high. This will be taken into
account when designing the electromechanical equipment (turbines).

The annual sediment yields for Goshali have been derived from the discharge records 1994-2000
and 2007-2009 using the two sediment rating curves (upper envelope curve and regression curve)
described above. At the Lower Spat Gah dam site the total annual yields of suspended sediment
derived from the envelope curve range from 25,000 t/year to 270,000 t/ year with an average of
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105,000 t/year. The average specific sediment yield is 99 t/km2/year and varies between
22 t/km2/year and 250 t/km2/ year. If the regression curve is used as sediment rating curve, the
computed yields are significantly smaller (only 20 to 25% of above values).

These results were then compared with suspended sediment data from neighbouring areas. The
sediment data clearly indicate that the monsoon is the main factor determining the suspended
sediment loads in the rivers of Khyber Pakhtunkhwa Pakistan. Specific sediment yields in the
catchments exposed to monsoon rainfalls (Kunhar at Garhi Habibullah, Gorband, Siran and Allai
Khwar) are approximately 10 times higher than in the catchments not affected by monsoon
(Kunhar at Naran, Swat). Besides high rainfall and runoff intensity during the monsoon period,
probably also the availability of erodable soils explain the high loads of suspended loads observed
at Garhi Habibullah, Phulra and other gauges.

A comparison of specific sediment yields found for different basins in the world indicates that
sediment yields in the upper tributaries of the Indus basin (Hunza) are also extremely high, which
can probably be linked to glacier phenomena.

For the verification of the suspended sediment yields estimated for the Lower Spat Gah dam site,
probably the most representative stations are Larikas and Sarchoy (Palas valley), Kalam (Swat
valley) and Naran (Kunhar valley). They are hardly influenced by the monsoon and drain
catchments of similar characteristics. The specific sediment yields estimated for these catchments
range from 170 to 780 t/km2/ year.

In the 2010 Feasibility Study [3] an average sediment yield of 20 t/km2/year was derived from
the regression curve. A value of 100 t/km²/year estimated for the Lower Spat Gah dam site
(sediment rating based on the upper envelope curve) also seems to be too low because the
measurements at Goshali were done in years without high discharge peaks. Therefore it is now
proposed that the value be increased to 200 t/km2/year to be on the conservative side.

5.6.2 Bed Load

Bed load samples were taken during the Pre-Feasibility Study at the Lower Spat Gah dam site
using the line-by-number method. Generally the samples were taken as close to the river as
possible. However, since snowmelt season had started and water levels were already rising when
the site visit was carried out in April 2007, it was hardly possible to take samples directly from
the river bed. The samples were therefore generally considered as being a mixture of bed material
and coarse sediments deposited during previous floods, with the characteristic grain size dm being
somewhat coarser than the dm of a sample taken from the subsurface layer of the river bed. The
graduation curves generally range from 1 to 100 cm with the characteristic grain size d50 being
in the order of 15 to 30 cm.

Besides rock slides and earth movements, which were a basin-wide phenomenon during the 2005
Kashmir earthquake, big floods, occurring during the monsoon season, are considered the main
factors for sediment generation and transport. Sediment generated at higher elevations is
transported to the main rivers by numerous tributaries, most of them being very steep creeks
and consequently having a significant transport capacity during floods.

The Shaha Gah River, which is a left bank tributary to the Spat Gah joining the main river directly
at the Lower Spat Gah dam site, is considered as the most problematic with respect to sediment
transport. Probably most of the sediment which will reach the reservoir of the Lower Spat Gah
dam will originate from this tributary. It is not clear whether there is also a potential for glacial
lake outbursts, but definitely the transport capacity and also the actual bed load transport of the
Shaha Gah are extremely high.

5.6.3 Bed Load Transport in the Main Rivers to the Dam Sites (Meso
Scale)

Sediments transported by tributaries or directly by rockfall or avalanches to the main rivers are
first deposited and later moved further downstream by floods. The transport capacity of the main
rivers is therefore crucial for the amount of bed load reaching the reservoir areas.

In order to get estimates of this transport capacity, bed load transport capacity was computed for
all dam sites using the formula of Meyer-Peter-Müller. In the computations it was assumed that
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the transport capacity of a river reach would be limited by the sections with the minimum
transport capacity. The results of the bed load transport capacity estimate are 0.36 million t/year.

The values should be understood as a first estimate of an upper limit for bed load transport, which
is possible in the main river upstream of the dam site. The actual bed load transport is probably
lower. As a rule of thumb the actual rate of bed load transport is frequently assumed to be in the
order of 20% of the transport rate for suspended load. Applying this rule to the suspended
sediment data estimated in the previous section, the actual bed load transport in Spat Gah (0.04
million t/year) would be significantly below the transport capacities computed by the Meyer-Peter
Müller formula. The transport rates estimated by applying the 20%-rule could therefore be
understood as lower limits of bed load transport to be expected for the dam sites.

Similar to the suspended load the total yields of bed load which have to be expected for the dam
sites mainly depend on the magnitude and frequency of floods occurring during the monsoon
season. The monsoon influence is probably different for the upper and lower reaches of the Project
area. However, the regional differences of the monsoon impact are currently uncertain due to the
very limited precipitation and runoff data observed in the catchment. Long-term monitoring of
the hydro-meteorological conditions within the Project area is therefore considered a precondition
for more accurate estimation of sediment transport to the dam sites.

Especially at the Lower Spat Gah dam site the major bed load transport into the reservoir area
will not be determined by the transport capacity of the main river (Spat Gah) but by the tributary
Shaha Gah. Especially during summer floods torrents might transport enormous amounts of
sediments to the main valley, which will be deposited only a few 100 m upstream of the reservoir.

A retention structure on the Shaha Gah is not foreseen in the design as its construction would be
a very expensive measure to retain only a small part of the transported boulders and to be
maintained. Should all boulders of an event need to be captured on the Shaha Gah, then an
extremely expensive structure would have to be foreseen. However, boulders coming from the
Shaha Gah will be mainly mobilised during large to very large floods and storm events. During
those events, and when the material is transported to the reservoir, the radial gates of the Lower
Spat Gah Headworks are open and the material will be transported through the reservoir to the
downstream area. Smaller sediments will be transported through the reservoir and released to
the downstream via recirculation current and venting effect due to the very large capacity of the
flushing channels and the very short length of the reservoir.

Should boulders and other deposited sediments become an impediment to the normal operation
of the plant, then it is foreseen that these will be mechanically removed using large excavators
and dump trucks and sent to disposal areas.

5.6.4 Sediment Sampling Campaign 2020-2021

Suspended sediment and bed material sampling has started in September 2020 in order to obtain
the sediment concentration and particle size distribution at the Lower Spat Gah Headworks, Lower
Gabarband Intake and Goshali Bridge and continued until July 2021. The grain density and
mineralogy was determined for a few samples in the high-inflow season.

The required preliminary annual reservoir flushing has been theoretically estimated based on the
estimated bedload and suspended sediment influx and assumed flushed volumes per flushing
event. Four to nine annual flushing events would be required in order to maintain the active
storage at the Lower Spat Gah Headworks. Due to the limited Lower Gabarband Intake reservoir,
the flushing channel will have to be operated more frequently and diligently during larger inflows
when most of the material is transported.

Preliminary flushing cycles have also been estimated for the desanders and showed that the
sediment would need to be flushed once every 14 weeks at the Lower Spat Gah desander based
on the settled material. A more frequent flushing does however seem to be more applicable based
on experience from existing desanders in similar areas characterised by high sediment transport.

Preliminary water losses of 0.5% to 1.1% have been estimated at the Lower Spat Gah Headworks
under design flow conditions if the desander is flushed once to twice a week. Because the sediment
samples taken during the low-flow season showed show that the particle sizes are below the
desander design grain size, a minimum flushing frequency for the low-flow season will have to be
defined based on a trial during operation.
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The preliminary water losses at the Lower Gabarband Intake desander have been estimated in
the range of 0.1% to 0.2% for once to twice-weekly flushing due to the run-of-river operation of
the reservoir.

5.7 Recommendations

It is recommended to conduct the following further investigations for a minimum of one full
hydrological year:

 Pursue and improve ongoing water level and discharge measurements:

o Collect further inter-daily measurements to be able to observe the snow melt and
get even more reliable on floods;

 Rainfall measurements in the Project area:

o Collect further inter-daily rainfall data;

 Pursue ongoing sediment sampling and testing campaign with emphasis on the high-
inflow season to confirm the design grain size of the desanders and the electro-mechanical
design that is sensitive to sediments abrasion. In addition, investigate the shape of quartz
as a further input for the turbine supplier.

Numerical modelling of the sediment in the Lower Spat Gah Headworks and Lower Gabarband
Intake reservoir is recommended in a next Project phase to evaluate the effectiveness and
efficiency of the sediment flushing and potential impact on active reservoir storage and develop
operation Flood and Sediment Management Plans.
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6 Geology

Corresponding Drawings

LSG-FS-030-001 Geology, Project Area, Overview Map

LSG-FS-030-002 Geology, Lower Spat Gah Headworks, Plan View

LSG-FS-030-003 Geology, Lower Spat Gah Headworks, Sections A-A & B-B

LSG-FS-030-004 Geology, Lower Gabarband Intake, Plan View

LSG-FS-030-005 Geology, Lower Gabarband Intake, Sections A-A & B-B

LSG-FS-030-006 Geology, Gabarband Crossing, Plan View

LSG-FS-030-007 Geology, Gabarband Crossing, Section A-A

LSG-FS-030-008 Geology, Headrace Tunnel & Pressure Shaft, Longitudinal Profile

LSG-FS-030-009 Geology, Powerhouse & Tailrace Tunnel, Plan View

LSG-FS-030-010 Geology, Powerhouse & Tailrace Tunnel, Longitudinal Profile

LSG-FS-030-011 Geology, Gabarband Intake Tunnel, Longitudinal Profile

6.1 Introduction and Overview

This geological chapter is a summary of Volume 4 – Geology which presents the results of the
geological and geotechnical investigations carried out during the 2008 Pre-Feasibility [2], 2010
Feasibility [3] stage as well as this Feasibility Study for the Lower Spat Gah Project. Volume 4
also includes information from the 2013 Geotechnical Due Diligence [4] and has been updated to
the new alignment where possible.

6.2 Executed Investigations

6.2.1 Investigations 2008-2010

The following investigations had already been carried out in the Pre-Feasibility stage:

 Geological mapping at scale 1:10,000 along the entire Spat Gah valley,

 Geological mapping at scale 1:2,500 at dam site and Powerhouse locations,

 Petrographical investigations on rock samples of entire Spat Gah valley,

The following investigations have been carried out at Feasibility stage:

 Geological mapping of natural hazards of access road to Lower Spat Gah Headworks at
scale 1:1,000,

 Geological mapping of Lower Spat Gah reservoir scale at scale 1:2,500,

 Geological mapping of Lower Spat Gah Headworks area at scale 1:1,000,

 Geological mapping of Lower Gabarband Intake at scale 1:1,000,

 Geological mapping of Lower Spat Gah Powerhouse area at scale 1:2,500 (final location).

Drilling Works

An overview of the drilling depths is presented in Table 6-1.
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Table 6-1: List of drillholes performed in 2008 and 2009

Borehole Total Drilling Depth
(m)

Length in Overburden
(m)

Length in Bedrock
(m)

Lower Spat Gah dam site

LSDH-1 115.0 4.5 110.5

LSDH-2 70.0 51.3 18.7

LSDH-3 68.3 68.3 0.0

LSDH-4 1.5 1.5 0.0

LSDH-5 30.3 9.5 20.5

LSDH-6 31.0 6.0 25.0

LSDH-9 60.0 60.0 0.0

LSDH-10 60.3 60.0 0.0

Total Dam 435.8 261.1 174.7

Powerhouse

LSDH-11 115.0 0.3 114.7

Total Dam + PH 550.8 261.4 289.4

Test Pits

Test pits have been carried out for the investigation of alluvium and scree in the dam site area as
well as for construction material purposes in borrow areas.

Geophysical Investigations

Geophysical investigations have been carried out at the Lower Spat Gah dam site and in the Indus
valley at the 2010 Feasibility Study Powerhouse location which was not selected as final location,
so that these investigation results are not representative for the present location of Powerhouse.

Geological Mapping

Geological mapping was carried out at the Lower Spat Gah Headworks, Powerhouse site and Lower
Gabarband Intake. Furthermore geological mapping was done in side valleys close to the proposed
Power Waterway. Due to limited budget and the steepness and remoteness of the terrain it was
not possible to carry out drillholes along the Power Waterway alignment, therefore the geological
mapping was carried out with the intention to obtain surface information and to gain knowledge
as far as possible regarding thickness of faults.

6.2.2 Investigations 2013

In 2013 an additional study was carried out by Geotech Consultant. One borehole was drilled at
the 2010 Powerhouse area and geophysical investigations were carried out at the major
engineering facility areas. Geological investigations confirmed the pre-existing data but additional
small intrusive bodies have been observed. In addition a classification and more detailed
investigations along lineaments have been carried out.

In addition geoelectrical investigations have been carried out in the Lower Spat Gah, Powerhouse
area and Lower Gabarband Intake areas with a total length of 5.4 km.
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6.2.3 Investigations 2020-2021

The following investigations have been carried out as part of the 2020-2021 geological
investigation for the update of the existing Feasibility Study:

 Geological mapping of natural hazards of the Gabarband Crossing and Gabarband valley
access road at scale 1:1,000,

 Drilling works at the Lower Spat Gah Headworks, Lower Gabarband Intake, Gabarband
Crossing and Indus/Tailrace areas,

 Soil penetration tests (short boreholes) at the Jhul, Jalkot and Dar Mose borrow areas,

 Test pits at the Lower Spat Gah Headworks, Lower Gabarband Intake and Gabarband
Crossing areas,

 Electric resistivity survey along part of the Tailrace Tunnel alignment,

 Laboratory tests on soil rocks and aggregates material.

Drilling Works

An overview of the drilling depths of the 15 executed boreholes is presented in Table 6-2.

Table 6-2: 2020-2021 boreholes campaign information

Borehole Depth
(m)

Length in Overburden
(m)

Length in Bedrock
(m)

Lower Spat Gah Headworks

LSG20-HW-01 Cancelled by Client due to time issues

LSG20-HW-02 55.00 32.50 22.50

LSG20-HW-03 52.00 52.00 0.00

LSG20-HW-04 82 70 12.00

LSG20-HW-05 35 27.6 7.4

Total Headworks 224 182.1 41.9

Lower Gabarband Intake

LSG20-GI-01 50 50 0

LSG20-GI-02 42 42

LSG20-GI-03 30 30

LSG20-GI-04 15 5.30 9.7

Total Intake 137 127.3 9.7

Gabarband Crossing

LSG20-GC-01 30 7 23

LSG20-GC-02 32.90 10 22.90

LSG20-GC-03 39.80 39.80 -

LSG20-GC-04 40 29.35 10.65

Total Crossing 142.7 86.15 56.55

Tailrace Powerhouse Access Tunnels

LSG20-IT-01 22.8 9.70 13.10

LSG20-IT-02 40 33.6 6.4
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Borehole Depth
(m)

Length in Overburden
(m)

Length in Bedrock
(m)

LSG20-IT-03 Not drilled because all necessary information have
been obtained by other boreholes and seismic survey

LSG20-IT-04 60 42.17 17.83

Total Tailrace 122.8 85.47 37.33

Total all Boreholes 626.5 481.02 145.48

Test Pits and Soil Penetration Tests

Additional test pits have been carried out for the investigation of alluvium and scree in the Lower
Spat Gah Headworks, Lower Gabarband Intake and Gabarband Crossing areas as well as for
construction material purposes in borrow areas close to the Lower Spat Gah Headworks and
Powerhouse sites.

Laboratory Tests

Numerous laboratory tests have been carried out for the purpose of the Feasibility Study during
the period 2020-2021 study to check the overburden and rock mass properties and to proof
availability and quality of construction materials.

Geophysical Investigations

Geophysical investigations have been carried out in the Powerhouse area in the Indus valley to
investigate the presence of potentially active faults along the Tailrace Tunnel alignment.

Geological Mapping

A complementary geological mapping was carried out within the Gabarband Valley. The main
objective of the mapping was to collect important additional geological information as required
for the design of the new access road along the Gabarband River and for the design of the
Gabarband Crossing area including the portals of the adits to the Headrace Tunnel.

6.3 Project Site Geomorphology

The morphological conditions at the Lower Spat Gah Headworks are shown in Figure 6-1. The
mountain slopes are stable and uncovered, but at right bank downstream of the newly selected
dam site a thick scree cover resulting from rock fall has developed. Due to the lack of fine soil
particles and therefore missing water retention capacity of the soil these zones are uncovered.

The unvegetated most active scree cone can be seen in Figure 6-1 at the right bank
(approximately in the middle of the photo) including the white coloured rock fall zone at the rock
slope above. Slope wash deposits, generally encountered at the lower parts of the slopes are
covered by forest.
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Figure 6-1: Morphological overview of Lower Spat Gah Headworks site with arrow indicating rock fall zone
(view in downstream direction)

6.4 Project Area Tectonic Setting

6.4.1 Active Faults

According to literature the weir site is not influenced by active faults.

But there are different views concerning Waterway and Indus area. The active fault map of Erdik
shows the end of an active fault in the Project area. The fault map of Zeilinger shows a “major
fault” but is not describing it as active.

According to the 2013 Geotech Consultant study there are active faults in the proximity of the
Indus valley, namely the lineament 0 and Jhul nullah (located in close distance to the tunnel portal
of the Powerhouse access). Lineament 0 runs parallel to the Indus (NE-SW) or partly within the
Indus river bed and crosses the Tailrace Tunnel (Figure 6-2). The judgement concerning activity
of faults is based mainly on the evaluation of satellite images and topographic features.

It is noted that the orientation of lineament 0 is not coinciding with the main faults sketched in
the literature, but Jhul nullah lineament would match with the “major” fault of Zeilinger et al.
2000.

In the course of the 2010 and 2020 – 2021 studies no evidence for ground-breaking zones have
been found. The geological mapping and the analysis of aerial photographs did not evidence the
presence of any active fault in the project area but no special investigations have been carried
out.

Due to travel restrictions related to the Covid pandemic a field inspection of the Indus area where
potential active faults are present was not possible. These lineaments (Figure 6-2) shall be
inspected in the field during the next project phases.
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Figure 6-2: Lineament 0 and Jhul nullah lineament, active faults (Geotech Consultant 2013)

6.5 Project Site Geology

6.5.1 Lower Spat Gah Headworks Area

Dam Location

During the Alternatives Study of this Feasibility Study, the dam axis was shifted upstream and
the new dam axis is located downstream of the confluence of the Spat Gah and Shaha Gah Rivers
some 300 m upstream of the dam axis that has been previously selected in the 2010 Feasibility
Study (Figure 6-3).

The new dam site has been selected as an outcome of a desktop study based on topographical
and geological considerations. Its suitability was ultimately confirmed during a site visit and by
means of field investigations carried out during the period 2020-2021 as part of the Feasibility
Study Update.

The new dam axis is characterised by less scree deposits along the right bank and a lower rockfall
hazard than at the older location as evidenced by the well-developed vegetation and trees growing
on the scree deposits (Figure 6-3). Zones of high rock all activity usually are indeed often
characterised by a lack of vegetation as observed at the old dam axis.

It was observed that the left and right abutments appeared to be roughly in the same condition
as one decade ago.
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Figure 6-3: Dam site (blue: axis 2010; brown: weir axis 2020-2021) (view towards downstream)

The finding from the new investigations generally confirm those from the 2008-2009 campaign
at the downstream dam axis. As shown on the geological map axis (Figure 6-4), rocks form the
Mandraza Amphibolite unit outcrop at both sites on both river banks, while the lower part of the
slopes are covered with scree and slope wash deposits and the riverbed is filled up with very
coarse grained alluvium. The encountered loose sediments can be classified as very coarse-
grained alluvial sediments and scree (blocks from rockfall).
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Figure 6-4: Geological map of Lower Spat Gah Headworks site area
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Figure 6-5: Geological section of Lower Spat Gah Headworks axis

Drillholes and Tests Results

The most frequently encountered rock type was called “amphibolite” which shows a pronounced
foliation and preferred orientation of flaky minerals.

According to the petrographic investigations performed on boreholes cores, the rock was identified
as “amphibolite” or “Chlorite-Epidote-Plagioclase Amphibolite or Gneiss “or as “Mylonite granite”.
The quartz content ranges between 8-31% and the amphibole content between 0-34%. The
phyllosilicates content (biotite, muscovite and chlorite) ranges between 4-27%. A pegmatitic dyke
and a small gabbro dyke, intruding the amphibolite were found along the left abutment and above
the right abutment.

All lithologies found in the Mandraza unit can be classified as hard to very hard rocks. The
observed conditions of the outcropping rock mass are generally good. At the new dam axis the
jointed rock has a blocky appearance and in boreholes LSG20-HW-02 and LSG20-HW-04 more
than 80% of the cores have a RQD value in the range of 50 to 100.

The foliation of the rocks dip towards north, which is in accordance with the regional orientation
and with the results found during geological mapping for the Headrace Tunnel alignment. The
orientation of the foliation planes is comparable at both banks.

The discontinuity sets show that joint set 1 and also the main shear zone orientation (“shear
zones 1”) are parallel to the foliation. Therefore these North dipping discontinuity planes are of
greatest importance.

Water pressure tests showed that the top rock zone of approximately 35 m thickness has a high
permeability with open joints, but below that depth rather low values indicate a rock mass with
mostly closed joints. At the left bank a fault zone with a thickness in the range of 40 m has been
encountered in hole LSDH-6 approximately 40 m downstream of the 2010 dam axis, but that zone
will not affect the weir axis.

The sedimentary fill of the valley generally can be grouped in alluvial sediments, slope wash and
scree deposits. The alluvium consists of poorly stratified rounded coarse-grained material with a
high content of boulders and cobbles (up to a diameter of several meters). The content of cobbles
and boulders observed in test pits is generally high and while gravel dominates among the finer
components in Table 6-3. The right bank scree is an angular material and has no or very little fine
material, the coarse blocks accumulate at the foot of slopes at the valley bottom.

Both alluvial and scree material consists of hard and durable material (amphibolites, pegmatite
and gabbro) as the relevant tests reveal.
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Table 6-3: Grain size distribution and classification of test pits material from the from Headworks area
during the 2020-2021 investigation campaign

Test Pit Material
Boulders and
Cobbles (%) –
Visual observation

Gravel
(%)

Sand
(%)

Fines
(%)

USCS
Classification

LSG20-TP-12 Alluvium 50 64 34 2 GP

LSG20-TP-13 Slope Wash
/ Scree

Up to about 50 71 23 6

LSG20-TP-14 Slope Wash About 50 71 22 7

LSG20-TP-15 Slope Wash < 50 47 34 19 GM

LSG20-TP-16 Slope Wash < 50% > 50 (16a) 61 37 2

LSG20-TP-17 Scree About 50 46 52 2 SP

At the new dam axis, the tests show k-values in the range of 1*10-2 cm/s to 8*10-3 cm/s. Higher
permeability values that could not be quantified because those exceeded the pump capacity, have
been locally recorded at depth mainly in the river bed (LSG20-HW-02 and 03) indicating the
possible presence of lenses of coarser and pervious material within the alluvial and scree deposits.

Standard and Cone Penetration Tests Results

Penetration tests have been carried out to define the in-situ packing of river alluvium and scree
deposits.

During the 2020 - 2021 investigation campaign a total of 54 tests have been carried out at the
new Dam axis and in the Desander area. Only eleven of the tests could be completed (45 cm
penetration) with another two that could penetrate at least 30 cm of soil. These results indicate
a dense to very dense packing (relative density) for the scree and for the alluvial deposits. It has
however to be noted that the very large number of refusals is also presumably due to the presence
numerous boulders. The few tests that could penetrate the full test length showed generally
moderate N values and occasionally low values.

In general, these few values indicate the local presence of compact (4<N<10) and only
occasionally loose (4<N<10) filling between the boulders with the exception of the values
measured at LSG20-HW-05 (Desander) the CPT tests exhibiting rather low relative densities in
the first 8 m of the loose scree deposits.

Rock Fall Hazard

At the right bank large cones of scree which originate from rock fall can be found. The most active
scree cone is located about 400 m downstream of the newly selected weir alternative. The new
weir axis location was selected under consideration of avoiding such hazard as much as possible.

Although no detail observations have been made regarding the frequency of events, it can be
reasonably assumed from the size of the scree cone that a protection of the site with nets will not
be sufficient, also from the cleaning point of view.

Safety nets to be installed on the berms above the desander structures are considered to mitigate
the rock fall hazard.

6.5.2 Lower Gabarband Intake Area

Weir / Intake Location

According to the original layout defined in 2010 Feasibility Study, the Headrace Tunnel should
have crossed the valley in this area but after a detailed alternative study and a site inspection, a
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larger secondary intake has been proposed within the Gabarband valley and the location of the
crossing was moved about 2.4 km m to the downstream.

As visible in Figure 6-6 the same lithologies belonging to the Mandraza Amphibolite sequence
outcrop along the upper part of the left river bank. Northern Amphibolite outcrops along the right
river bank.

The bottom of the slopes at the left bank are covered with scree and slope wash deposits where
agricultural fields are found. Along the right bank the quaternary cover is much more limited.

Very coarse grained alluvium (Figure 6-8) with a high content of boulders and cobbles (up to a
diameter of several meters) is found in the riverbed. The scree and alluvial materials consist of
hard and durable material (mainly amphibolite and gabbro).

An old rockfall area has been recognised at the left bank of the Lower Gabarband Intake area as
shown in Figure 6-8 but the site inspection and investigation did not evidence any recent
movements or rockfalls. The fallen blocks are large to very large (several cubic meter).
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Figure 6-6: Geological map of Lower Gabarband Intake area

Figure 6-7: Geological section along section A-A

Boreholes and Tests Results

Three boreholes have been drilled along the weir / desander axis and one close to the Gabarband
Intake Tunnel portal (Figure 6-8). Only one of the boreholes (LSG20-GI-04) drilled at the weir
axis along the right abutment reached the bedrock. The boreholes indicate a thickness of the
overburden deposits up to 50 m.

While the conditions of the outcropping rock mass are generally good in the borehole LSG-GI-04
the rock is jointed with RQD values generally lower than 50. These values can be explained by
the very shallow depth reached by these boreholes and by the numerous sub-vertical fractures
observed on the cores and the possible presence of a fault zone along the river.
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Figure 6-8: Lower Gabarband Intake (weir) area with rock outcrop at left bank (view in downstream
direction)

The sedimentary fill of the valley generally can be grouped in alluvial sediments, slope wash and
scree deposits. The alluvium consists of poorly stratified rounded coarse-grained material with a
high content of boulders and cobbles (up to a diameter of several meters). Both alluvial and scree
material consists of hard and durable material (amphibolites, pegmatite and gabbro) as the
relevant tests reveal. Gravel and sand dominates among the finer components (Table 6-4).

Table 6-4: Grain size distribution and classification of test pits material at the Lower Gabarband Intake
(2020-2021 investigation campaign)

Test Pit Material
Boulders and
Cobbles (%) –
Visual observation

Gravel
(%)

Sand
(%)

Fines
(%)

USCS
Classification

LSG20-TP-01 Alluvium /
Scree

> 50 58 28 14

LSG20-TP-02
Slope Wash /
Agricultural
fields

< 50 27 37 26 SM – NP

LSG20-TP-03
Alluvium About 50 in the

upper part; < 50 at
the bottom

41 40 19

LSG20-TP-04 Slope Wash > 50 77 20 3 GP

LSG20-TP-05 Slope Wash > 50 78 17 5 GP

Constant head tests have been carried out in the overburden section of boreholes. The tests show
k-values in the range of 1*10-1 cm/s to 8*10-3 cm/s at the dam axis with the highest permeability
values being observed at very shallow depth. In borehole LSG20-GI-01 instead the head could
not be maintained in any of the test which indicates that a very high permeability characterises
the ancient rock fall area.
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Standard and Cone Penetration Tests Results

A total of 54 tests have been carried out 6 of which could be completed (45 cm penetration).
These results are interpreted to indicate a dense to very dense packing (relative density) for the
scree and for the alluvial deposits while it has to be acknowledged that the very high number of
refusals is also presumably due to the presence numerous large boulders.

The few tests which could penetrate the full test length showed generally moderate N values and
in one case low N value. These few values indicate the local presence of compact (4<N<10) and
occasionally loose (4<N<10) filling between the boulders.

Geophysical Investigations

The investigations have been carried out in 2013 along the toe of the valley slopes but could not
cross the river due to a lack of access and the absence of bridge. The investigations indicate a
thickness of alluvium in the range of 10-20 m, information that was not confirmed by the
boreholes indicating a greater thickness for quaternary covers.

6.5.3 Gabarband Crossing Area

Crossing location and portals areas

The Gabarband Crossing area has been investigated for the first time during the 2020-2021
investigation campaign after the alignment of the Headrace Tunnel alignment had been modified
at the beginning of the 2021 Feasibility Study Update. The whole area has been mapped at scale
1:1,000 and four boreholes and six test pits have been excavated to check underground
conditions.

The final Headrace Tunnel alignment (yellow line in Figure 6-9) was decided based on the results
of the mapping and boreholes and test pits were places to investigate the selected area including
the adit portals.

Here the river flows in a 300 m long narrow valley section characterised by very steep slopes and
outcropping rocks mainly. Only at the base of the slopes small scree and slope wash deposits are
found, while very coarse grained alluvium with a high content of boulders and cobbles (up to a
diameter of several meters) is found in the riverbed.

Large and active scree deposits are found upstream and downstream of this narrow valley section
along the right bank, while only local small scree or slope wash deposits cover the amphibolite
along the left bank.

Figure 6-9: View from the left bank of the crossing (yellow line: actual crossing alignment)
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Figure 6-10: Geological map of the Gabarband Crossing area

Boreholes and Tests Results

The geological map of the Crossing area shows that the Mandraza Amphibolite sequence outcrops
at the left bank with a large gabbro intrusion found along the right bank. The Amphibolite is very
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massive and not foliated and intruded with gabbro bodies as evidences by the LSG-GC-02 and
LSG-GC-04.

According to the petrographic investigations on boreholes cores the drilled rock was identified as
“Gabbro” (see petrographic evaluation in Volume 4 - Annex 9). The quartz content is very low (3-
4%), the amphibole / pyroxene content range within 56% and 69%, the plagioclase and feldspar
between 17% and 26% while the phyllosilicates (biotite, muscovite and chlorite) are less than
5%.

The outcropping rocks, the boreholes cores and the laboratory test results show generally hard
to very hard rock and the conditions of the outcropping rock mass are generally very good.

Samples have been collected in test pit and the grain size distribution measured on the fine part
of the excavated material. Cobbles and boulder make up 50% or more of the material are not
considered for the definition of the overall properties of the material shown in Table 6-5.

Table 6-5: Grain size distribution and classification of test pits material from the from the Gabarband
Crossing area (2020-2021 investigation campaign)

Test Pit Material
Boulders and
Cobbles (%) –

Visual observation

Gravel
(%)

Sand
(%)

Fines
(%)

USCS
Classification

LSG20-TP-06 Slope Wash /
Scree > 50 61 35 4 GW

LSG20-TP-07 Alluvium > 50 60 38 2 -

LSG20-TP-08 Slope Wash /
Scree About 50 61 37 2 -

LSG20-TP-09 Slope Wash /
Scree > 50 67 16 17 GM

LSG20-TP-10 Alluvium /
Scree > 50 60 36 40 GP

LSG20-TP-11 Alluvium > 50 61 33 6 GP-GM

Standard and Cone Penetration Tests Results

A total of 15 tests have been carried out, one of which could be completed (45 cm penetration).

These results are interpreted to indicate a dense to very dense packing (relative density) for the
scree and the alluvial deposits while it must also be acknowledged that the very high number of
refusal is also presumably due to the presence of numerous boulders at depth. The only tests
which could penetrate the full test length showed low N values given to the presence of some
loose soil (4<N<10) at shallow depth in the riverbed.

6.5.4 Power Waterway

General

The Headrace Tunnel will mainly run through amphibolitic and magmatic rocks of good quality.
The selection of the tunnel alignment was based upon several geological factors in order to define
the shortest and most favourable route aiming at minimising the geological and construction risks.

The geological conditions of the tunnel are presented in the geological map in Figure 6-11 and
the longitudinal section in Figure 6-12.

The geological map shows the results of the geological field mapping at scale 1:10,000 which was
carried out in the main valleys of Spat Gah and Gabarband as well as in selected side valleys
located next to the tunnel alignment. The geological map shows the faults which have been
observed directly in the field as well as lineaments which are linear structures detected using
satellite images.
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Due to the remoteness and steepness of terrain no boreholes have been carried out along the
Headworks Tunnel alignment but drilling works have been instead carried out as described in the
previous chapters at the Lower Spat Gah Headworks area (2008-2009 and 2020-2021
investigation campaign) and at the Lower Gabarband Intake and Gabarband Crossing areas
(2020-2021 investigation campaign) including tunnels portal areas.

The amphibolites found south of the Gabarband valley (dark green unit in Figure 6-11) belong to
the Mandraza amphibolites. These quite massive rocks are encountered along the Headwork
Tunnel between the Lower Spat Gah Headworks and the Gabarband Crossing and along the
Gabarband Intake Tunnel until the junction with the Headrace Tunnel.

The Headrace Tunnel will cross the Gabarband valley at shallow depth (~10 m) with a cut and
cover section excavated in alluvial deposits. North of the Gabarband valley the Northern
amphibolites (light green unit in Figure 6-11) with a closer spacing of foliation planes, compared
to the Mandraza amphibolites, are prevailing. Massive gabbro and diorites intrusions (reddish unit
in Figure 6-11) are often found embedded in both amphibolites and have been observed as larger
bodies in the Gabarband valley.

Close to the Indus River, the downstream end of the Power Waterway including the downstream
end of the Headrace Tunnel, Pressure Shaft, High Pressure Tunnel and Tailrace Tunnel will be
excavated in a large granitic intrusion (pink unit in Figure 6-11) with contact zones with the
surrounding host rocks generally exhibiting a significant tectonic disturbance and faulting.

During the course of the geological surface mapping no disturbed or fault zone with a thickness
of more than 10-20 m has been observed. However, and due to the width of valleys associated
with certain lineaments and considering unfavourable intersection angles with the Headrace
tunnel of some faults, the effective length of some fault zones along the tunnel could reach up to
up to 50 – 100 m.

Generally it can be assumed that the tunnel will be constructed in a zone of fresh rocks with closed
joints. At the drillholes of the 2010 Feasibility Study dam and powerhouse sites it was observed
that the zone with weathered or open joints is usually in the range of 60-80 m below terrain. At
the mountain tops it is assumed that this zone has a greater thickness but this is without
significance for the tunnel.
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Figure 6-11: Geological map of Power Waterway

Figure 6-12: Geological section of Power Waterway

Based on the geological mapping and the investigation results, the rocks expected along the
Power Waterway alignment have been divided into four rock mass types here described and with
properties summarised in Table 6-6. It can be seen that the (Keyal) gabbro is classified as the
“strongest” rock type in the tunnel and the Northern amphibolites as the “weakest” however it
must be acknowledged that all these rock types can be classified as good or very good according
to Bieniawski (1989) or the GSI ratings (according to Hoek 2005).
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Table 6-6: Rock mass types encountered at Power Waterway (lithology locations shown in Figure 6-11 and
Figure 6-12)

Kiru sequence Kamila sequence

Rock mass types RMT 1 RMT 2 RMT 3 RMT 4

Geological unit
KGD (Keyal

gabbro)
MA (Mandraza
amphibolites)

NA (Northern
amphibolites=

Dasu amphibolites)
PG (Plagioclase granite)

Location

encountered as
intrusions at LS
dam site and as
large bodies in

Gabarband valley
(downstream of

intake)

this is the rock
type which is

encountered at LS
dam site and in

between dam site
and Lower

Gabarband Intake

this rock unit is
encountered north

of Gabarband

encountered at LS
powerhouse site and

inclined shaft

rock types

Interlayered
gabbro and
diorites with

pegmatitic and
granitic sills

Amphibolites
(metagabbro) with

pegmatitic and
granitic sills

Strongly layered
amphibolites

generally coarse-grained
granite

Parameter
Ratin

g
Parameter

Ratin
g

Parameter
Ratin

g
Parameter Rating

Strength
intact rock

Uniaxial
compression

(MPa)
120 12 120 12 70 7 120 12

Spacing

RQD 95 20 65 13 60 13 90 17

Spacing
discontinuitie

s (m)
0.5 10 0.4 10 0.2 8 0.5 10

Condition of
discontinuitie

s

Persistence 1-3 m 4 1-3 m 4 3-10 m 2 1-3 m 4

Separation None 6 None 6 None 6 None 6

Roughness rough 5 rough 5
slightly
rough

3 rough 5

Infilling None 6 None 6 None 6 None 6

Weathering
Unweathere

d
6

Unweathere
d

6
Unweathere

d
6 Unweathered 6

Groundwater
conditions

Joint Water
Pressure
/major

principal
stress

0 15 0 15 0 15 0 15

Bieniawski
1989

RMR dry
Total

Rating
84
±5

Total
Rating

77
±5

Total
Rating

66
±10

Total Rating
81
±5

Hoek 2005 GSI
79
±5

72
±5

61
±10

76
±5

Very good /
Class I

Good /
Class II

Good /
Class II

Very good -good /
Class I

Faults and Lineaments

In addition to the rock mass types shown in Table 6-6 faults have to be expected. The lineaments
identified using satellite images and in nature reflect zones of greater erodibility and it is generally
accepted that these lineaments define potential zones of lower rock mass quality, which can be
correlated with faults.

During the field work no disturbed zone with a thickness of more than 10-20 m was observed,
most of these zones were in the range of 0.2-5 m and it can be reasonably assumed that such
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zones will be encountered regularly during excavation. The distance between such minor fault
zones will be such that the surrounding rock mass is not significantly affected by it, which can be
seen on high and steep rock slopes all along the valleys. As a matter of cautious and realistic
approach it has to be assumed that faulted zones with greater thickness could possibly be
encountered, but could not be observed directly. Such zones will presumably be encountered in
valleys and the width of the valley defines more or less the maximum width of a possible fault
zone (the greatest thickness was assumed with 100 m along the tunnel).

The fault zone material which was observed at natural outcrops or drillholes consisted of broken
or fractured material, but no fault gauge. Therefore it can be reasonably assumed that faulted
material will mainly consist of fragmented particles in sand or larger grain size with no plastic
behaviour. This does not mean that no fault gauge will be encountered, but no indication has
been encountered to assume that typical fault zones with a considerable thickness (>10 m) would
consist of fault gauge. The total tunnel length to be done in faulted rock is assumed as 640 m.

Permeability

As there are no karstic or highly porous rock types in the Project area, it is expected in general
that the rock mass will have a rather low permeability as can be seen also from the water pressure
tests carried out in the drillholes. Below a rock top zone with open joints in a thickness of ~60 -
80 m the water pressure tests indicate Lugeon values in the range from 1 to 10, which corresponds
roughly to a kf value in the range of 1*10-7 m/s to 1*10-6 m/s. Therefore it can be reasonably
assumed that the groundwater level will rise quite steeply from the valley bottom and the depth
of tributaries in relation to the main valley supports this estimation.

Stress Condition due to Overburden

Based upon experience of deep-seated tunnels, increased overbreak with rock bursting in hard
rock mass or squeezing tunnel conditions in the rock mass with moderate and fair characteristics
shall be expected in areas where the overburden will exceed 1,000 m.

Thus, and considering a FSL level at 1,510 m asl, tunnel sections with natural terrain elevation of
more than 2,500 m will likely require increased support measures. Based on the final proposed
alignment and the topography of the Project area, it is assumed that a tunnel length of roughly
3,200 m will be affected by high stress regime. Further consideration of the influence of stress
conditions and the rock mass parameter is described in Chapter 6.6.3.

6.5.5 Powerhouse Area

Drillholes and Geological Mapping

The geological information at the Powerhouse area is based upon geological surface mapping in
the scale 1:2,500 and 5 short boreholes (2009, 2013 and 2020-2021) which have been drilled at
the foot of a steep slope as shown in the geological drawing in Figure 6-13, west of the actual
Powerhouse location. The geological map shows that amphibolitic lenses are thrusted within the
granite body and that the contact between the granite and amphibolite is generally faulted and
of low rock quality.
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Figure 6-13: Geological map of Powerhouse area

Four out of five boreholes are located southwest of the Tailrace Tunnel at the foot of a steep slope
formed by a granitic body called plagioclase granite where the access tunnels portals are located.
One borehole (LSG20-IT-04) has been instead drilled along the Tailrace Tunnel alignment. Based
on the good rock quality observed on the granite outcrops, favourable rock mass conditions can
be reasonably expected at depth, east of the drilled boreholes (Figure 6-14), where the tunnels
and the Powerhouse are located.

The position of the Powerhouse in the framework of the 2021 Feasibility Study Update was shifted
further inside the mountain ridge to optimise costs and especially to reduce the length of the steel
lined High Pressure Tunnel after the Pressure Shaft was changed from inclined at 36° to vertical.

The geological conditions at the new Powerhouse location are assumed to be comparable with the
previous ones as both powerhouses are located in the same granitic body. However, and because
the granitic body gets thinner towards the east and no boreholes could be drilled at the new
Powerhouse location, the distance of the Powerhouse to the disturbed granite/amphibolite contact
zone cannot be precisely defined and the presence at depth of amphibolite embedded in the
granite cannot be completely be ruled out at this stage. Considering that these contacts can be
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also sheared it is highly recommended that the proposed Powerhouse location be confirmed at an
early stage of the Project implementation with boreholes or even better using the two access
tunnels and/or the Tailrace Tunnel as investigation galleries.

Figure 6-14: Photo of Powerhouse slope with granite body above the road

The underground Powerhouse is located in a light coloured granite bordered by amphibolites and
the contact to these neighbouring rocks is generally sheared which is why a sound distance of the
Powerhouse Cavern to these contact zones was aimed at.

The change in slope inclination from rather flat slopes next to the Indus River (~25°) to the steep
slope of the granite body (~60°) is considered as the boundary of the faulted Indus zone affected
by NE-SW striking faults. Other faults striking NW-SW border the granite boy toward the north
and toward the south.
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Figure 6-15: Geological section of Powerhouse and Pressure Shaft

The alignment of the Power Waterway and the Pressure Shaft (Figure 6-13) have been selected
with the aim to keep the Power Waterway away from the main contact zones between the granite
and amphibolite. The vertical Pressure Shaft is assumed to be located mainly in favourable granitic
rock mass although the presence at depth of amphibolitic lenses cannot be completely ruled out
at this stage of the Project.

The surface mapping has evidenced several inclined shear zones dipping north which are related
to rock contacts. On the other side, looking at a larger scale the intersection with the topography
of the main NW-SE oriented contact zones between the granite and the amphibolite indicate that
these zones are mainly sub-vertical or steeply inclined. The orientation of these two zones is of
major importance to define the exact rock conditions expected at the Powerhouse area.

Amphibolites and gabbro have been observed in boreholes LSDH 11, LSG20-IT-02 and 04 (Figure
6-15) which is a clear indication that amphibolitic lenses are relatively common within the granite
and that those will be encountered as layers and lenses along the Tailrace Tunnel and the main
access tunnels and possibly also at the Powerhouse area.

Discontinuities Orientation

The orientation of the discontinuities has been determined by surface geological mapping and
however it is acknowledged that the Powerhouse location is placed deeper inside the granitic rock
unit, it can be reasonably assumed that the following observations made at the surface are also
valid at depth.

The orientation of foliation is not relevant in this context as the granite is generally massive and
a preferred mineral orientation is observed only at the contacts to the amphibolites.

Geophysical Investigations

Geoelectrical investigations have been carried out during the 2020-2021 investigation campaign
to investigate the Lineament 0 that was identified during the 2010 Feasibility Study. The
investigations indicate the presence of some minor fault zones probably part of the Lineament 0
affecting the granite. The survey also shows that the thickness of quaternary deposits above the
rock surface is in the range of 30 - 40 m, or even more, as confirmed by borehole LSG20-IT-04.
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Rock Mass Characteristics and Laboratory Tests Results

The Powerhouse will be located in a central zone within the mountain ridge, at a considerable
distance to the mixed lithologies and Lineament 0, as shown in the Powerhouse geological map
(Figure 6-13). Therefore and because the boreholes executed in 2008-2009, 2013 and 2020-2021
are at rather great distance (1.1 km) from the proposed cavern location and investigated the
granite only at shallow depth, it can reasonably be stated that the borehole results are not
considered representative for the Powerhouse area.

The RQD evaluation of LSDH-11 (2010 Feasibility Study) shows that the top part (~60 m) of the
borehole has encountered a rock mass with an RQD below 50. Below that depth the core quality
increases and values greater than 50 were found. Under consideration of the rather small drill
core diameter of 46 mm the core quality can be classified as good.

The borehole LSDH-12 (2013) was drilled at the same road and roughly same elevation as the
hole LSDH-11 (in 2010). The rock quality (expressed in RQD) was lower than in the previous hole.

The average of the strength of the tested rock core samples is ~85 MPa. As already discussed
above this value is lower than for typical granites, therefore a local influence is assumed and
higher values for rock strength are assumed in the cavern area.

At the depth of the Powerhouse Cavern the joints are expected to be unweathered and generally
rough. Some smooth but no slickensided surfaces have also been observed at the drill cores but
such disturbances are not expected in the cavern area. Especially when the recommended drillhole
investigations will be executed, more details about the quality of the rock mass will be available
and adaptations of the position will be made so that the cavern will be located in the most
favourable rock zones.

Therefore it can be stated that the Power Cavern will be placed in granitic rock which is of good-
very good quality.

Groundwater Table and Permeability

Based on the groundwater levels measured in boreholes LSDH-11, LSG20-IT-01, LSG20-IT-02
and LSG20-IT-04, it is confirmed that the Powerhouse will be located below the groundwater
level.

The permeability of the rock mass has been tested with water pressure tests (Lugeon tests). The
results of the two holes (2010 and 2013) are comparable. No additional Lugeon tests have been
performed during the 2020-2021 investigation campaign. The majority of results scatter between
1 and 10, with an average of ~5 Lu which corresponds to a kf-value in the range of 1*10-6 m/s.
A lower value is proposed at the Powerhouse location due to the higher stress and a design value
for the cavern area of kf= 5*10-8 m/s can be reasonably assumed based upon comparison of other
projects at high overburden.

6.5.6 Tailrace Tunnel, Emergency and Ventilation Tunnel and Main
Access and Power Evacuation Tunnel

In general, the different tunnels connecting the Indus area/River to the Powerhouse will be
excavated in favourable conditions, but it is anticipated that those will cross a more heterogeneous
and less favourable zone of about 200-300 m towards the Indus River characterised with
intercalations of amphibolites and granite with tectonic contacts (shear zones, crossing
Lineament 0).

The geological conditions in this area have been investigated by geoelectrical investigations
(2013) and by additional boreholes and an electrical tomography survey (2020-2021). The results
indicate that the thickness of the slope wash is in the range of 10-40 m. Such a thickness does
however not reach the tunnels in general but will have to be locally considered for the definition
of the most optimal portal location during Project implementation.

The Lineament 0 could be detected by the electrical tomography survey and the first fault zone
belonging to this lineament has been detected immediately below the access road crossing this
area. A second possible small fault zone has been detected about 50 m west of this first lineament
and a third more pronounced lineament has been detected further West close to the Indus river.
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The intersection of these faults with the Tailrace Tunnel are shown in Figure 6-15. The length of
the Tailrace Tunnel will be 1.3 km and the other access tunnels to the Powerhouse will have
similar length and will all cross the same geological units and faults as the Tailrace Tunnel.

6.6 Geological Interpretation

6.6.1 Lower Spat Gah Headworks Area

Rock

The orientation of the foliation has consequences for the stability of the valley flanks. Generally
the left bank conditions have a higher tendency of block sliding. The sensitivity of the left bank
towards sliding can be observed in the area downstream of the dam axis. Due to blasting works
for a new foot path a large scale sliding was triggered and sliding followed the foliation planes.
This can be taken as an indication that any large scale excavations on the left bank will need a
considerable amount of rock support.

At the right bank the dip of foliation is more favourable, as the layers dip inwards of the flank.

Dam Foundation and Sediments

In order to avoid unreasonably high water losses, prevent internal erosion of the sediments and
to reduce the pore pressures having a negative impact on the stability of the dam and the concrete
weir, a cut-off wall has to be constructed in the alluvial foundation. The performed numerical
calculations (see Volume 7 - Project Design of this Feasibility Study) show that the cut-off wall
shall reach the bedrock found between 25 to 60 m below the foundation level of the rock fill dam
and the flushing channel. The cut-off shall penetrate 1.5 m into the underlying rock to ensure a
good seal.

Along the left abutment where the rock surface can be reached with a reduced effort, the cut-off
wall sealing system shall be replaced with a grout curtain. Along the right abutment, the
calculations show that the cut-off does not need to reach the bedrock and that a hanging cut-off
which depth gradually reducing from the 60 m estimated in the valley centre down to a depth of
about 25 – 30 m along the right abutment shall do.

As the quaternary deposits composition along the foundation show some heterogeneities with
respect to grain size distribution and linked characteristics, a consolidation grouting is
conservatively foreseen below the embankment dam to ensure a uniform minimum shear
resistance, which is of utmost importance for the dam stability. A consolidation grouting below
the concrete weir section and the desander is also conservatively foreseen to provide a
homogeneous bearing capacity.

Desander Excavation and Foundation

The results of this analysis indicate that most of the excavation will be executed in quaternary
loose material (mainly scree deposits) forming the foundation of the desander. The CPT tests
carried out in the area indicate that the first 8-9 m of the scree deposits are quite loose (LSG20-
HW-05) while the rest of these sediments can be classified as dense. The excavation of the slopes
into these deposits may prove to be challenging due to the presence of large boulders. That may
require the use of explosives for their total or partial removal. The frequency of large boulders is
expected to increase toward the bottom of the slopes.

The top part of the slopes located above the Headrace Tunnel intake are expected to be located
in bedrock as indicted by boreholes LSG20-HW-05 and by the geological map.

Permeability

The levels measured in the piezometers at the end of the investigation campaign are considered
to represent the “normal” groundwater level at the end of the winter before major melting of
snow on the surrounding peaks starts.
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Permeability investigations of the loose sediment filled valley are described in Chapter 5.1.4. The
test results show that the sediments are mainly made of alluvial sediments and scree. Based on
the constant head tests results that generally range between 1*10-2 cm/s and 8*10-3 cm/s, a
permeability value of : kf= 5*10-2 cm/s is recommended for the seepage calculations at the dam
axis.

Liquefaction

The coarse-grained alluvial sediments or scree deposits generally do not exhibit a tendency
towards liquefaction. The available data indicate that the risk of liquefaction is very low to nil.

6.6.2 Lower Gabarband Intake Area

Rock

The orientation of the foliation has consequences for the stability of the valley flanks. Generally
the left bank conditions have a higher tendency of block sliding. Rock outcrops are located far
away from the excavation zone and the orientation of the foliation will not impact the stability of
the excavation that will be located in the overburden.

At the right bank the rock is found at shallow depth also in the weir area but the dip of foliation
is more favourable, as the layers dip inwards of the flank.

Weir Foundation and Sediments

The boreholes indicate that from the river bed moving toward the left abutment the weir and the
desander will entirely be founded on loose quaternary alluvial and scree deposits. The CPT
penetration tests indicate a dense to very dense packing (relative density) for the scree and a
very dense packing for the alluvium. Therefore the construction of a small concrete weir is
considered appropriate for such foundation conditions.

Desander Excavation and Foundation

The entire structures are expected to sit on scree and alluvial deposits. Here the overburden is
characterised by the presence of large and numerous boulders remains of an ancient rockfall.
Given the size of the blocks observed on the surface and in the borehole on the one hand and the
strength of the rock on the other hand, it is assumed that blasting will be required also in the part
of the excavation and along the tunnel to remove the boulders.

Permeability

Based on the constant head tests results that generally range between 1*10-2 cm/s and 8*10-3
cm/s, a permeability value of kf= 5*10-2 cm/s is recommended for the seepage calculations at
the dam axis. Here the cut-off wall has been replaced by a shallow concrete key to reduce the
seepage and the risk of internal erosion.

Liquefaction

The coarse-grained alluvial sediments or scree deposits generally do not exhibit a tendency
towards liquefaction. The available data indicate that the risk of liquefaction is very low to nil.

6.6.3 Power Waterway

Influence of Discontinuities on Tunnel

In the first tunnel zone in between the Lower Spat Gah intake and the Gabarband valley, the
foliation will be intersected perpendicular to the tunnel axis, which generally is a favourable
orientation. The dip angle is changing, in few occasions and the foliation will be quite flat. In this
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case the risk of block fall will be higher than usual. After the crossing of the Gabarband valley the
general orientation of foliation will be approximately parallel to the tunnel axis. But as zone 3 runs
in gabbro of more massive character this will be of little influence in this zone. In zone 4 the
influence of the foliation orientation will be highest, due to the closer spacing of the prevailing
Northern amphibolites. In zone 5 no foliation is existing because of massive granite.

The dominating joint sets have an orientation more or less perpendicular to the foliation so that
the arguments discussed for the foliation could be repeated vice versa. A more detailed discussion
of the influence of discontinuities on the tunnelling conditions appears too premature at this stage
based on the current knowledge. But it can reasonably be assumed that except from zone 3
(~massive rock) a systematic roof support will be necessary to prevent loosening of blocks in the
crown (no shotcrete lining foreseen at this stage).

Permeability

The permeability of a rock mass generally decreases with depth. Therefore values observed in
surface drillholes (up to 50 m depth) are not representative for deep seated tunnels. Based on
comparable tunnel projects at great overburden the permeability is expected to be 1-2
magnitudes lower.

Percentage of Fault Zones

The percentage of fault zones for different tunnel zones is assumed to be as shown in Table 6-7.

Table 6-7: Percentage of fault zones in different tunnel sections

Zone
Chainage (m) Length

Length of Different Quality
Length of Fault
Zones within

this Zone

Length of
Undisturbed
Rock Mass

From To (m) (m) (%) (m) (%)

1 0+000 5+724 5,732 150 2.6 5,582 97.4

2 5+724 5+811 87 Open cut

3 5+811 7+435 1,624 120 7.4 1,504 92.6

4 7+435 9+907 2,472 150 6.1 2,322 93.9

5 9+907 10+886 979 80 8.2 899 91.8

Tailrace 0+000 1+285 1,285 140 10.9 1,145 89.1

Total 12,179 640 11,452

Tunnel Zones and Support Classes

Based upon the length of different geological units the tunnel support classes have been developed
for the entire Power Waterway including Headrace Tunnel, Pressure Shaft and Tailrace Tunnel.
The rock support distribution has been estimated based on the available geological information
such as overburden and presence of pre-identified faults based on satellites information.

Concerning the rock burst the application of a lower rock support class compared to the calculated
RMR class has been foreseen in order to prevent damages or safety risks in areas with high
topographic cover. The effective areas where the risk of rock burst will be real shall be further
investigated in the next project phases on the base of the actual rock mass conditions and
behaviour in the areas characterized by high topographic cover.
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Table 6-8: Headrace and Tailrace Tunnel zones and support classes

Zone

Chainage (m)

Length
(m)

RMR Rock Mass Quality RMR
(Bieniawsky 1989) Class (%) Support Classes (%)

From To RMR
dry

Very
Good
80-
100

Good
60-80

Fair
40-
60

Poor
20-
40

Very
Poor
0-20

I II III IVa IVb V

Crown
Support Full Profile

1 0+000 5+724 5,732
77
and
84

20 74 3 3
20 42 30 4 2 2

2 5+724 5+811 87 No rock

3 5+811 7+435 1,624 84 80 16 2 2 18 18 27 17 10 10

4 7+435 9+907 2,472 66 95 3 3 10 40 35 9 3 3

5 9+907 10+886 979 81 44 44 6 6 20 40 18 10 6 6

Tail-
race 0+000 1+285 1,285 81 47 47 3 3 20 40 18 10 6 6

Total 12,179

6.6.4 Gabarband Intake Tunnel

Most of the Gabarband Intake Tunnel will be excavated in the Mandraza amphibolites of generally
good quality, defined as rock mass type RMT 2 with the same rock mass parameter as defined for
the Headrace Tunnel. Possible magmatic intrusions (mainly gabbro) can be also found along the
alignment. Only close to the portal area, at the contact between loose material and bedrock,
slightly weathered rock may be encountered.

Borehole LSG20-GI-01 indicates that the tunnel portal will be located in scree deposits
characterised by the presence of very large boulders, remains of an ancient rockfall. Given the
unexpected presence of a very thick (> 50 m) and unfavourable quaternary cover, the tunnel
alignment has been modified in order to minimise the length of the tunnel that needs to be
excavated in the scree deposits and boulders.

In the amphibolite the main foliation dips in the area steeply toward the north and strikes sub-
parallel to the tunnel axis. Foliation and main joints sets observed in the area dips toward the
north and toward the south respectively. The orientation of the main foliation is considered to be
fair to favourable in the initial part of the tunnel that strikes NNE-SSW and fair to unfavourable
along the rest of the tunnel where the foliation strikes sub-parallel to the tunnel.

Intersecting faults have to be expected and the position of faults has been assumed based upon
morphological indications from satellite images, named “lineaments”. The expected number and
position of the faults is shown in Figure 6-16. The thickness of these lineaments has been
estimated in the range from 5 m to a few decametres (“block scale fracture zones”) by Geotech
2013 and a range of 10-50 m was used in the 2010 Feasibility Study. All these lineaments strike
NNW-SSE to NNE-SSW at high angle to the tunnel axis.

The most prominent faults found along the alignment are located at Chainage 1+600 m to
1+700 m where two of the most prominent lineaments observed in the area cross each other.
One of these faults is the fault 26 from the 2010 Feasibility Study that strikes NNW-SSE. The
importance given to this fault zone is in accordance with the observation made by Geotech
Consultant study (2013). In this area the total length of the tunnel affected by the fault can reach
up to 50 m, or more. The thickness of the other expected faults is estimated in the range of 10-
20 m. The total fault length in this tunnel is estimated in the range of 140 m.
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Figure 6-16: Longitudinal section along Gabarband Intake Tunnel

6.6.5 Adit Tunnels Gabarband

Two adit tunnels with a length of 136 m and 442 m will be constructed at both banks of the
Gabarband River. The tunnel portals have been located at an elevation higher than the 50 year.
flood water level (right bank = 1,306.69 m asl; Left bank = 1,304.50 m asl) and in locations with
limited rockfall risks and reduced overburden so that the entire tunnels length will be excavated
in rock.

Generally the rock quality will be favourable in both tunnels. The left bank (LB) tunnel will be
excavated in Mandraza amphibolites like the Gabarband Intake Tunnel with the same rock mass
parameter.

At the right bank (RB) tunnel, the whole adit tunnel will be excavated in gabbro (RMT 1).

6.6.6 Powerhouse Area

All geological information about the Powerhouse is summarised in Chapter 6.5.5.

Based upon the geological input data, very good rock mass values result using RocLab software.
Considering the lack of investigation results in this area slightly more cautious rock mass
parameter are proposed, which result in the reduction of the Deformation modulus from
40,000 MPa to 30,000 MPa which is still favourable.

6.7 Lower Spat Gah Reservoir

6.7.1 Water Tightness

The rock mass in the reservoir area can be assumed as practically water tight from the
permeability point of view and there is no nearby valley where a leakage could occur.

6.7.2 Slopes Stability

The fluctuations of the reservoir will be low for the selected weir alternative. Therefore the slope
stability is not a relevant topic.

6.8 Construction Material

Based on the available information, the concrete aggregates and the rock fill for the construction
of the Lower Spat Gah Headworks, Lower Gabarband Intake, Powerhouse and Power Waterway
are intended to be won from the rock excavation material of the weirs/desanders as well as tunnel
excavation material.
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6.8.1 Lower Spat Gah Headworks River Deposits and Slope Wash

CVC

Based on the available information, the concrete aggregates and the rock fill for the construction
of the Lower Spat Gah Headworks, Lower Gabarband Intake, Powerhouse and Power Waterway
are intended to be won from the rock excavation material of the weirs/desanders as well as tunnel
excavation material.

The tests performed on the rock and loose sediments samples taken at the dam site reveal that
the sand from the river alluvium and slope wash material of the Lower Spat Gah Headworks site
(weir site 2021) can be used as construction material for CVC. As some minor doubt remains
regarding the risk of Alkali-Silica Reaction (ASR) for some of the materials collected in one of the
old test pits, additional tests shall be carried out at an early stage of the Construction Phase to
draw firm conclusions.

Alternative sources (if required) will be located outside of the site boundaries. The EPC Contractor
may have to import aggregates for CVC and shotcrete at the beginning of the works as long as
the crushing system is not ready. This needs to be investigated by the Contractor.

Rock Fill Material

The test results for the production of CVC aggregates indicate that both quaternary deposits and
tunnel muck from the Mandraza Amphibolite unite exhibit a high strength and can be used as
source for coarse grained material. Here also, it is suggested to carry out some additional tests
at an early stage of the Project implementation to proof the ASR potential of the materials that
will be used for the dam construction.

Clay Core - Dar Mose Area

The investigated area covers a surface of about 37,000 m2. Assuming a minimum average
thickness of 3 m the volume of impervious core material (silt/clay) found in the Dar Mose borrow
area can be estimated at about 110,000 m3.

The granulometric curve and the tests results indicate that most of the material found in the Dar
Mose area has a high silt/clay content, while a smaller group of samples shows a lower silt/clay
content. Both materials are considered suitable sources for the construction of the dam clay core.
Based on the test pit photographs, it can reasonably be assumed that about 30% of this volume
is made of boulders. After deduction of the volumes occupied by the boulders and unsuitable
coarse-grained soils, the total volume of suitable silty clay material that can be won from this
borrow area is estimated at about 50,000 m3. It has however to be noted that the presence of
unsuitable material and boulders will require an extensive processing to separate the usable
material from the material shall be sent to waste.

6.8.2 Gabarband Valley

CVC

The test results indicate that the gabbro and the Mandraza amphibolite units have a high strength
and are of a good quality as confirmed by the specific gravity and uniaxial compression tests.

The tests performed on samples also indicate that the risk of Alkali-Silica Reaction (ASR) is very
low to nil with all test results well below 0.1 (14 day threshold value for potential reactive
samples).

6.8.3 Tunnels and Powerhouse

CVC

The test results from the 2020-2021 investigation campaign performed on rock samples show
that the risk of Alkali-Silica Reaction (ASR) is very low to nil with all test results well below 0.1
(14 day threshold value for potential reactive samples). On the other side the petrographic
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analysis of the granitic samples indicate the presence of potentially deleterious “strained quartz”
in this rock.

Considering the minor doubts that remain about the risk of Alkali-Silica Reaction (ASR) potential,
it is recommended that further tests be carried out at an early stage of the Project implementation
to confirm the suitability of the granite as source for aggregates production.

Clay Core - Jhul and Jalkot Area

The Jhul and Jalkot borrow areas cover a surface of about 80,000 m2 and 30,000 to 40,000 m2

respectively.

After deduction of the volumes occupied by the boulders and unsuitable soils, the total volume of
suitable silty clay material that can be won from these two areas is estimated at about 200,000 m3

and 100,000 m3 for the Jhul and Jalkot areas respectively. It has however to be noted that the
presence of unsuitable material and boulders will require an extensive processing to separate the
usable material from the material shall be sent to waste.

6.9 Recommendations for Further Investigations

Based on the interpretation of the results from the 2008-2009 and 2020-2021 investigation
campaign, it is recommended to undertake a series of additional investigations at an early stage
of the Project implementation as shown in Table 6-9 and Table 6-10.

Table 6-9: Recommended investigations (first priority)

Structure Location Investigation Amount

Investigations Lower Spat Gah Headworks

Dam &
Desander River bed close to left abutment

1 borehole to define need of grout curtain
below cut – off wall in the area south of
LSG20-HW-02

60 m

Desander Slope 2 boreholes to define the rock line in the
excavation area 90 m

Dam River bed close to left abutment 3 m interval Lugeon tests 10 pcs

Dam &
Desander

Along dam axis and desander
and flushing channel axes

Seismic lines Refraction and MASW to
measure P and S waves in the alluvial and
scree deposits. One line parallel and two
perpendicular to dam axis and at desander
(3 lines)

650 m

Dam &
Desander

Boreholes in the dam
foundation and desander slope

Down hole tests to measure s-waves and
sonic log 150 m

Borrow area Dar Mose
Test pits dug by excavator for better
characterisation of volumes and quality of
the suitable material and size of boulders

4

Investigations Lower Gabarband intake

Dam and
Desander

Along dam axis and desander
axes

Seismic lines Refraction and MASW to
measure P and S waves in the alluvial and
scree deposits. One line parallel and one
perpendicular to dam axis and at desander
(2 lines)

350 m

Investigations Gabarband Crossing

Crossing
area

Perpendicular and parallel to
river bed

Seismic lines Refraction and MASW to
measure P and S waves in the alluvial and
scree deposits. One line Parallel and one
perpendicular to dam axis and at desander
(2 lines)

250 m

Adits Inside the tunnels Hydrofracturing and dilatometer tests in
the adits for rock properties (length steel

20 + 10
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Structure Location Investigation Amount

lining and e-modulus) in the gabbro and in
the amphibolite

Slopes Crossing and portals Slope stability analysis above portals and
crossing area (field and modelling) 1 pc

Laboratory tests

Aggregates Different holes and pits
Long-time tests for ASR potential of the
granite and alluvial /scree at the
Headworks and in the Powerhouse area

4

Investigations of Surge Shaft, Pressure Shaft and Powerhouse Area

The investigation of these structures is very difficult because of the steep to very steep terrain and the lack
of access. The powerhouse is better investigated by means of an adit tunnel (access tunnel) and short
boreholes (including hydraulic and dilatometer tests) drilled by the tunnel walls.
Alternatively (not recommended) a cheaper alternative would consist of one borehole from portal area of
access adit to upper cavern. With inclined borehole to Powerhouse Cavern with length of ~620 m.

Powerhouse Access Tunnel
Use of the Access tunnel as exploratory
adit to define geological condition
(lithology and presence of faults)

1200 m

Powerhouse

Near portal area of adit tunnel
to upper cavern Drilling: rock quality 620 m

Near portal area of adit tunnel
to upper cavern

Borehole tests (Lugeon tests for
permeability) 80 pcs

Near portal area of adit tunnel
to upper cavern

Borehole tests: Optical or acoustic scanner
(optional) 620 m

Near portal area of adit tunnel
to upper cavern Hydraulic fracturing tests in borehole 10 tests

Access road
to shaft Access area to shaft Geological mapping of access road (area

not covered by existing map. 1 pc

Laboratory tests

Aggregates Different holes and pits Long-time tests for ASR potential of the
granite in the Powerhouse area 4

Table 6-10: Recommended investigations (Secondary priority)

Structure Location Investigation Amount

Access road in Spat Gah Valley, Access to Weir

Spat Gah
access road

Boreholes for bridges or galleries,
road cuts

Assumed at 25 locations (2 holes
each)= totally 50 holes 1,000 m

Access Road in Gabarband Valley

Drilling investigation shall be carried out after preliminary road design (finding alignment, on which bank,
how many bridges, etc.)

Gabarband
Valley Access roads Boreholes for bridges, slope support,

galleries, etc. 800 m

Access Road to Surge Shaft

Partly very steep terrain. Review of alignment and constructability necessary

Surge Shaft
access road

Lower elevation (slope wash section) Trenches ~3 m deep 10 pcs

Higher elevation (rock section) 3 short boreholes 60 m

Investigation Gallery to Powerhouse Cavern

Construction of such a long investigation gallery takes time and is costly, but it is the optimum way of
checking best cavern location and orientation. Other alternatives with long boreholes can be considered.
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Powerhouse Gallery in axis Tailrace Tunnel
Rock mass quality, existence of faults
in cavern area, check of quality of
faults close to Indus

1,357 m

Investigation Gallery to Powerhouse Cavern

Headworks Dam Grout curtain

Additional boreholes and Lugeon tests
in the bedrock to define the need of a
grout curtain below the section of the
cut of wall anchored to the bedrock

80 m / 20
Tests
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7 Seismicity

7.1 General

This study assesses the earthquake hazard for the Lower Spat Gah Project in Pakistan. In 2008,
an initial Probabilistic Seismic Hazard Assessment (PSHA) with the provision of initial design
parameters had been performed. The present new study gives a revision of the seismic hazard
based on updated information and enhanced methodology. The recent 10 years brought advances
in the methodology of seismic hazard assessment. The reliable earthquake catalogue also
increased in this time span by about 25% and updated modelling techniques reduced primarily
the uncertainties of acceleration values in comparison to the initial study.

In the seismic hazard analysis a number of parameters play an important role, so that reasonable
assumptions on uncertainties have to be made. Therefore, all assumptions are presented in the
report, and their consequences are qualitatively discussed. In the present hazard study the
recommendations of the ICOLD guidelines (ICOLD 2010) are followed. This chapter presents a
summary of the Probabilistic Seismic Hazard Assessment Report which is covered in Volume 5 of
this Feasibility Study Report.

7.2 Seismotectonic Setting

The Project site Lower Spat Gah valley is located on the Kohistan sequence, and there in the unit
of Southern Amphibolites / Metaplutonic complex. The Project site is located in a seismically very
active region.

The nearest major faults are the Indus Suture with extension to the Panjal Thrust and Main Mantle
Thrust towards the south. Towards the west there is Duber Kale strike slip fault with branches
towards the Project site. Branch no. 2 of the Duber Kale fault is passing with a distance of about
5 km towards the north of the dam site (Figure 7-1).

Figure 7-1: Map of local faults around Project site (from Zeilinger et al. 2000)
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To the present knowledge based on site inspections, regional seismicity data and geological
tectonic documentation, there is no active tectonic fault in the dam foundation and close vicinity
of the selected dam axis.

7.3 Probabilistic Seismic Hazard Assessment

In the early days of earthquake engineering, the use of Deterministic Seismic Hazard Analyses
(DSHA) was prevalent. These are procedures considering different potential earthquake scenarios
and selecting the worst case for the design on the safety level. This procedure is still recommended
to evaluate the Maximum Credible Earthquake (MCE) for seismically active regions, which are well
investigated with well-defined seismogenic sources (ICOLD 2010).

In the recent years, Probabilistic Seismic Hazard Analyses (PSHA) have become the standard
procedure for engineering decisions. These procedures allow to explicitly consider the probability
of exceedance of a given ground motion level and thus are useful for the selection of earthquake
hazard levels other than the worst-case scenario obtained from a DSHA.

Acceleration response spectra and acceleration time histories are provided for the Safety
Evaluation Earthquake (SEE) at safety level and the Operating Basis Design Earthquake (OBE) at
serviceability level for the dam structure as well as the Design Basis Earthquake (DBE) for the
seismic design of the appurtenant structures. The calculated acceleration values are valid for rock
site.

The SEE, OBE and DBE together with the corresponding engineering parameters, (i.e. peak ground
acceleration, design response spectra and time histories) needed for the design of the dam and
appurtenant structures, are derived based on the results of a Probabilistic Seismic Hazard Analysis
(PSHA).

Acceleration response spectra are provided for the SEE, DBE and OBE for rock sites, considering
5% damping. SEE, DBE and OBE acceleration time histories are provided and have been derived
for the relevant design scenarios compatible to the uniform hazard spectra.

A comparison has been made with different seismic hazard maps of Pakistan. It can be concluded
that the acceleration values of the current probabilistic seismic hazard assessment are comparable
to and consistent with recent hazard studies performed by third parties in the Project region.

In addition to the Probabilistic Hazard Analysis, also a Deterministic Seismic Hazard Analysis was
performed. Three deterministic scenarios were investigated. The deterministic response spectrum
for Scenario 1 with 84% fractile can be evaluated as Maximum Credible Earthquake (MCE). The
comparison showed that the deterministic scenario of 84% fractiles gives slightly higher spectral
values than the uniform hazard spectrum for the 10,000-year return period while the 50% fractile
deterministic spectrum for Scenario 1 is smaller than the uniform hazard spectrum for the 10,000-
year return period.

7.4 Seismic Design Criteria

According to the Bulletin 148 of ICOLD, the following earthquake levels should be used for the
dam design and analysis:

 Safety Evaluation Earthquake (SEE): The SEE is the earthquake ground motion a dam
must be able to resist without uncontrolled release of the reservoir. Depending on the
circumstances such as the importance of the dam or the consequences of a dam failure,
it is recommended that all components of the dam that are necessary for retaining and
controlling the reservoir after a strong earthquake, including the bottom outlet and/or
spillway gates must be designed for the SEE.

For major dams the SEE can be either determined with a deterministically-evaluated
maximum credible earthquake or a probabilistically-evaluated earthquake ground motion
with a very long return period, for example 10,000 years for high risk category dams with
severe consequences on the downstream area in case of a dam failure or lower depending
on the risk category.

For large dams (> 15 m) and high risk category dams, the return period of the ground
motion parameters estimated with a Probabilistic Seismic Hazard Analysis is often taken
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as 10,000 years. For small dams (< 15 m) or large dams with small or limited damage
potential shorter return periods can be specified, for example not less than 3,000 years
for moderate consequence and not less than 1,000 years for low consequence of a dam
failure.

 Design Basis Earthquake (DBE): The DBE with a return period of 475 years is the
reference design earthquake for the appurtenant structures. The DBE ground motion
parameters are estimated based on a PSHA.

 Operating Basis Earthquake (OBE): The OBE may be expected to occur during the
lifetime of the dam. No structural damage is allowed, and all equipment has to remain
functional. It has a probability of occurrence of about 50% during the service life of 100
years. The return period is taken as 145 years. The OBE ground motion parameters are
estimated based on a PSHA.

 Reservoir-Triggered Earthquake: The Reservoir-Triggered Earthquake represents the
maximum level of ground motion capable of being triggered at the dam site by the filling,
drawdown, or the presence of the reservoir.

Due to the size of the Lower Spat Gah reservoir, there is no relevant reservoir triggered
earthquake to be expected.

 Construction Earthquake (CE): The CE is to be used for the design of temporary
structures and takes into account the service life of the temporary structure. There are
different methods to calculate this design earthquake.

In view of the size, importance and risk classification of the main structures and components of
the Lower Spat Gah HPP based on the results of the dam break analysis, the following design
earthquakes have been selected:

 Safety Evaluation Earthquake (SEE) for the Lower Spat Gah Headworks with a
return period of 3,000 years:

Lower Spat Gah dam (no failure) and flushing channels (structural reinforcement)
including safety relevant hydro-mechanical works such as flushing channel gates under
the assumption of no uncontrolled water releases in accordance with international
standards.

 Safety Evaluation Earthquake (SEE) for the Lower Gabarband Intake with a
return period of 1,000 years:

Lower Gabarband Intake spillway (no failure) and flushing channels (structural
reinforcement) including safety relevant hydro-mechanical works such as flushing channel
gates under the assumption of no uncontrolled water releases in accordance with
international standards.

 Design Basis Earthquake (DBE) with return period of 475 years:

Powerhouse, desanders, Waterway, hydro-mechanical and electro-mechanical
equipment.

 Operating Basis Earthquake (OBE) with return period of 145 years:

Selected structures such as the Lower Spat Gah dam (slopes stability analysis) and Lower
Spat Gah and Lower Gabarband Intake flushing channels (structural stability against
sliding, overturning, bearing capacity).

7.5 Main Results

The different design earthquake ground motions are characterised by the following seismic
parameters:

 Peak ground acceleration of horizontal and vertical earthquake components, as shown in
Table 7-1.

 Acceleration response spectra of horizontal and vertical earthquake components for 5%
damping, i.e. uniform hazard spectra for OBE, DBE and SEE obtained from the Probabilistic



Feasibility Study
Volume 1: Main Report

Page 78

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

Seismic Hazard Analysis. Figure 7-2 shows the SEE response spectra for the Lower Spat
Gah Headworks site considering 5% damping and a rock surface.

 Spectrum-compatible acceleration time histories for the horizontal and vertical
components of the OBE, DBE and SEE ground motion. The generated time histories do
not represent characteristics of real earthquakes. The time histories are conservatively
generated with a high energy content and a long strong motion duration, which also
included some possible aftershocks after large earthquake events.

The installation of earthquake measuring instruments at the Project site can be evaluated in the
next design phase.

Table 7-1: Site-specific peak ground acceleration (PGA) for rock sites for the different design earthquakes
for the Lower Spat Gah and Lower Gabarband Intake dams

Design
Earthquake Analysis Method Return Period

(years)
Peak Ground Acceleration (g)

Horizontal Vertical

OBE Probabilistic 145 0.23 0.16

DBE Probabilistic 475 0.35 0.23

SEE (LGI) Probabilistic 1,000 0.44 0.29

SEE (LSG) Probabilistic 3,000 0.61 0.41

Figure 7-2: Uniform hazard acceleration response spectra for Lower Spat Gah Headworks for horizontal and
vertical components of SEE, probability of exceedance 1/3,000 years (5% damping, rock
surface)
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8 Alternatives and Project Optimisation Studies

8.1 Introduction

This chapter outlines the different alternatives studies conducted in the Inception Phase of this
Feasibility Study to determine the Project layout or features. The basis for the alternatives was
the Alternatives and Optimisation Studies of Volume 6 which were conducted in the early phase
of the Feasibility Study.

During the Alternatives Studies, different arrangements for the Lower Spat Gah Headworks, Power
Waterway, Lower Gabarband Intake and Powerhouse were studied and evaluated. The evaluation
was based on preliminary cost estimates and energy calculations, and taking into account
economic figures and other criteria like technical feasibility, environmental impact and risk
aspects, etc. The Alternatives Studies concluded with the selection of the recommended Lower
Spat Gah Project layout as the basis for the Feasibility Study design:

 Lower Spat Gah Headworks: Small weir option,

 Lower Gabarband Intake: Regular scheme with diversion discharge of 10 m3/s,

 Power Waterway arrangement: Alternative 3,

 Pressure Shaft layout: Vertical arrangement,

 Power Waterway excavation method: D&B,

 Powerhouse location: Underground, at bottom of vertical Pressure Shaft.

The goal of the subsequent Optimisation Study was to determine the optimal set of main design
parameters such as the design discharge and the Full Supply Level (FSL). The different options
were evaluated based on preliminary cost estimates and energy calculations. The cost estimates
were established for the recommended Lower Spat Gah Headworks, Power Waterway, Lower
Gabarband Intake and Powerhouse arrangements from the Alternatives Study. Budgetary offers
for the E&M equipment from suppliers were used to adequately represent the E&M costs for such
a wide range of discharges.

The maximum Full Supply Level has been set during the cascade development in the 2008 Pre-
Feasibility Study [2] and cannot be increased without impacting the Middle Gabarband
powerhouse. It was decided to not re-optimise the cascade and accept an FSL of 1,510 m asl as
the maximum possible level. It was also decided to not consider lower FSLs which would ultimately
negatively affect the revenue, and the FSL has therefore been set at 1,510 m asl and could not
be further optimised.

The Optimisation Studies concluded with the selection of the design discharge of 75 m3/s with no
overload for the Feasibility Study design. Should a plant factor higher than 50% be required by
the Pakistani authorities, then the design discharge will be adjusted to 62.5 m3/s with an overload
factor of 1.2.

The following alternatives studies have been conducted in the Inception Phase and are outlined
in this chapter:

 Peaking vs run-of-river,

 Desander design grain size,

 Headrace Tunnel sizing,

 Lower Gabarband Intake access concept and intake tunnel size,

 Powerhouse location and orientation,

 Powerhouse characteristics including turbine type and number of units, turbine speed,
number of nozzles, MIV type, turbine level and flood protection level, and transformer
type,

 Switchyard type (GIS).
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8.2 Peaking vs Run-of-River

8.2.1 Introduction

For the Alternatives and Optimisation Study as well as during some additional preliminary design
works, the Lower Spat Gah Headworks have been designed with a Full Supply Level and a
Minimum Operating Level in the Spat Gah reservoir to enable as much peaking as possible as
implied by PEDO. This resulted in very high costs for the desander at the Spat Gah Headworks in
general that had to be designed for both the FSL and the MOL.

It has been communicated by PEDO in a meeting in April 2019 that even though peaking energy
is beneficial for the Project regarding energy evacuation and energy tariff, there are no official
peaking requirements. Thus, a specific optimisation of the Lower Spat Gah Headworks and the
desander in particular has been conducted to evaluate the costs vs. peaking design discharge and
resulting peaking energy in case the plant is operated as a conventional run-of-river (RoR) project.

The objective of this comparison is to optimise the general arrangement and the operation pattern
of the Lower Spat Gah Headworks.

8.2.2 Desander Layout

Within this comparison, the design implications on the desander design of operating the Lower
Spat Gah HPP as a peaking or as run-of-river plant have been separately assessed.

Preliminary desander hydraulic layouts were defined for the two operation patterns to get a better
felling of the sensitivity of the Project’s hydraulic layout. Six desander basins and 0.3 mm design
grain size was considered in the development of the surface desander layout.

A summary of the preliminary hydraulic layouts defined as basis for the preliminary cost estimates
is given in Table 8-1. As can be seen from the table, the operation pattern of the Lower Spat Gah
HPP is a key design criterion that has a significant impact on the design and thus the cost of the
Project.

Table 8-1: Desanders – Preliminary hydraulic layouts

Alternative Peaking RoR

FSL m asl 1,510 1,510

MOL m asl 1,500 1,508

Water depth m 17.2 11.0

Width basin m 13.7 8.8

Length basin m 110 70

8.2.3 Comparison

Construction Costs

Preliminary cost estimates have been prepared for the desander and Headrace Tunnel for each of
the different operating patterns based on preliminary quantities and unit rates for the main civil
works cost items. The relative length of the Headrace Tunnel compared to the Alternative Study
has also been taken into account.

The civil works prices have been further refined during the preliminary design works compared to
the unit rates of the Alternatives and Optimisation Studies shown in Volume 6 on the basis of the
two similar projects such as Tarbela 4th Extension HPP and Athmuqam HPP in Pakistan.

Note that all cost estimates for the purpose of this comparison are preliminary by nature and shall
consequently be viewed cautiously.
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Costs Comparison

The preliminary cost estimates have been prepared based on the preliminary layout designs and
BoQ prepared for the two operating patterns. The results are shown in Table 8-2.

Table 8-2: Surface desanders – Preliminary cost estimates

Alternative Peaking RoR

MOL (m asl) 1,500 1,508

Civil costs (million USD) 87.0 56.9

Revenue

The energy model which was set-up for the Alternatives and Optimisation Study for a 54-year
period has been used. The same input data and methodology has been used for the energy
simulations as shown in Chapter 2 of Volume 6 - Alternatives and Optimisation Studies and are
thus not repeated in this chapter.

The peaking operation of the energy simulation is as described in Chapter 10.4. The concept of
guide curves was also adopted in case the Project is designed as a run-of-river plant. For a run-
of-river plant, meaning that no seasonal operation (i.e., draw down and re-fill of the reservoir) is
considered and the water levels are considered to be at Full Supply Level at this stage. Intra-daily
peaking operation was not considered for this comparison but may be considered in a next Project
stage to enable hourly peak operation during the dry season and, in case water is copiously to
enhance the generation of power output during the Feasibility Study Phase.

Assuming a standalone operation for comparison purposes, the energy output is presented in
Table 8-3. The energy generation for the RoR operation is slightly higher because the reservoir
level is higher on average (as a result of the higher MOL) and the head losses are lower because
the average turbine discharge is lower (as a result of continuous instead of focused peaking
operation).

Table 8-3: Mean annual energy output

Peaking RoR

Mean annual energy (GWh/yr) 1,903 1,919

8.2.4 Recommendation

Based on the results presented this chapter, it can be concluded that:

 Operating the Lower Spat Gah as a run-of-river project generates about 0.8% additional
power compared to peaking,

 Designing the Lower Spat Gah HPP as a peaking plant results in additional costs of about
30 million USD compared to the run-of-river option.

Due to conflicting interests regarding peaking capabilities between the provincial and federal
governments, the Panel of Experts was asked to decide on the operating pattern of the Lower
Spat Gah Headworks.
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8.3 Desander

8.3.1 Desander Design Grain Size

Sediment particles are removed in the desander to exclude the particles from being transported
into the Headrace Tunnel and to lower the abrasion of the turbines. The decision of the desander
design grain size can be based on the total costs from the desander construction and operation
costs, and the turbine repair and replacement costs. The optimal particle size is at the minimum
total costs and would be chosen as the design grain size. Due to the high head of the scheme,
various literature recommends a design grain of 0.2 mm to be applied. The available grain size
distribution of suspended sediment (see Volume 3 - Hydrology, Figure 6-2) shows that the
sediment fraction between 0.2 and 0.3 mm is small compared to the fraction below 0.2 mm. A
desander construction cost vs turbine maintenance cost has therefore been prepared for the two
grain sizes.

The desander construction costs can be estimated with standard design procedures and increase
potentially with a decreasing grain size. Preliminary cost estimates for the two studies grain sizes
showed that the desander construction for the 0.2 mm grain size would be about 11 million USD
more expensive than for the 0.3 mm grain size.

The abrasion depends on the particle size, particle shape, particle hardness, flow velocity and
turbine material. At the desander design stage, the grain size distributions from the ongoing
sediment analysis study have not been available. Thus the grain size distributions available from
the Spat Gah valley from 2007 has been used. It is noted that the particular shapes and
hardnesses remain largely unknown to date and shall be investigated in the next design stage.

Ortmanns (2006) has established repair cycles of Pelton turbine buckets as well as nozzles and
needles, which were used to estimate the required repairs for the Lower Spat Gah HPP. Based on
the (scarce) sediment measurement data available, an average concentration of 25 ppm, or
0.025 g/l, during the high-flow season and 5 ppm, or 0.005 g/l, during the low-flow season was
assumed. Based on the available grain size distribution from 2007 the removal rate during the
high-flow season is 5% for the 0.3 mm design grain and 10% for the 0.2 mm design grain. The
removal rate is estimated to zero during the low-flow period as the particles tend to all be smaller
than the design grain. The rest of the sediments was assumed to be carried to the turbines for
this simple approach. The operational times of the turbine parts have then been estimated with
the figures from Ortmanns (2006) and the number of replacements over the 30 year Concession
Period estimated. The preliminary turbine repair and replacement costs have been estimated
based on the Consultant’s experience, summed up over the 30 years of operation and discounted
with a 10% discount rate. The discounted O&M costs for the 0.3 mm grain size were estimated
to be about 1.5 million USD higher than for the 0.2 mm grain size.

Table 8-4: Desander design grain size cost comparison

Grain Size Construction Cost
(million USD)

Discounted Operation Period O&M Costs
(million USD)

0.2 mm 101 3.2

0.3 mm 90 4.7

The preliminary comparison showed that the lower desander construction costs of the 0.3 mm
grain size outweigh the slightly higher O&M costs during the Concession Period. Therefore the
design grain size was preliminarily set as 0.3 mm.

The important turbine parts such as runner, nozzle, nozzle-needle and deflector may be protected
by a wolfram carbide coating to reduce the intensity of abrasion. During operation, regular
maintenance and repair works of the most sensitive parts of the turbine parts shall be foreseen
during the low inflow season to avoid unnecessary loss of power generation.

As mentioned in Volume 3 – Hydrology of this Feasibility Study, it is recommended to pursue
additional sediments sampling and testing campaign with emphasis on the high inflow season
during the year 2022 to improve the current knowledge and better assess the anticipated turbine
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life/amount of repair and maintenance works during operation, and eventually confirm the
adequacy of the selected design grain size for desander design.

8.3.2 Desander Location

It has been assessed if an underground alternative for the desander location is more favourable
than a surface desander for a peaking plant. A rough estimate of the concrete and excavation
volumes of the underground alternative showed that the costs are about 20% higher and do not
outweigh any potential advantage. In addition the surface alternative has an easier
constructability and lower geological risk.

Should the operating pattern be adjusted from peaking to pure run-of-river, then the costs would
be about the same for a 6-basin configuration.

8.4 Headrace Tunnel

8.4.1 Economic Optimisation of Tunnel Cross Section

The diameters for the concrete and steel lined sections of the Power Waterway have been
determined based on an optimisation process with minimisation of the sum of concrete/steel costs
and the net present value of energy due to the head losses along the Power Waterway relevant
segments. The discount rates, steel costs, energy tariff have been assumed as in the Alternatives
and Optimisation Study phase during the Inception Phase. The ranges of studied diameters for
this specific optimisation are as follows:

 Range of concrete tunnel diameters: 4.00-6.00 m,

 Range of velocity on concrete tunnel sections: 2.7-6.0 m/s,

 Range of steel sections diameters: 3.70-4.40 m,

 Range of velocity on steel lined tunnel sections: 4.9-7.0 m/s.

The minimum excavation size for a tunnel excavated by drill and blast is in the range of 4 m
depending on the contractor’s equipment. Such a small tunnel diameter would however lead to
very (too) high velocities for the lining and has thus not been further considered. The results of
the optimisation studies are shown in Figure 8-1 and Figure 8-2. As can be seen, the optimal
internal diameter of the concrete and steel lined sections of the Power Waterway shall be 5.30 m
and 4.00 m, respectively. The velocity at design discharge in the optimal diameters reaches 3.4
m/s and 6.0 m/s, respectively for concrete and steel lined sections which are within the industry
reasonable ranges.

Figure 8-1: Headrace Tunnel concrete lined section optimisation results
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Figure 8-2: Headrace Tunnel steel lined section optimisation results

8.5 Access Concept Lower Gabarband Intake and Cross Section
Lower Gabarband Intake Tunnel

8.5.1 Access Concept Lower Gabarband Intake

The access conditions to the Lower Gabarband Intake are particularly challenging if not
unfavourable. This has been confirmed by the repeated landslides faced during the geological
investigations. This factual observation led to an underground access design of the Lower
Gabarband Intake being privileged as documented in Volume 6.

In addition, the costs of a surface access road would be in a similar range as the cost for the
access road to the Gabarband Crossing with about 13 million USD. The additional costs to enlarge
the tunnel for the design vehicle as outlined before was estimate to be less than 10 million USD,
thus cheaper than a surface access road.

8.5.2 Gabarband Intake Tunnel

This chapter presents a high-level alternatives concept study of different layouts of the Gabarband
Intake Tunnel with the goal to select the best suited option. This concept study has been
conducted at the beginning of the Feasibility Study phase and slightly deviates from the final
dimensions shown on the drawings and in other chapters of this report.

The design vehicle for the option study is 3.5 m wide and 4.0 m high , which is suitable for the
equipment transport to the Gabarband Intake Tunnel considering that i) no large bored pipe, cut-
off wall construction and hydro-mechanical equipment is needed and ii) the main site installations
will be located at the Gabarband Crossing. The four developed tunnel layout options are
schematically shown in Figure 8-3.
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Option 1 Option 2

Option 3 Option 4

Figure 8-3: Gabarband Intake Tunnel cross section options

Preliminary costs were estimated for the excavation, rock support, concrete as well as the GRP
pipe. The costs for all options was very similar and thus other criteria were applied to select the
preferred option.

Options 1 and 2 were not considered further given the slower construction progress and
obstruction of construction traffic when the pipe is installed compared to Option 3. Options 3 and
4 have a high flexibility regarding maintenance considering that the pipe can be easily inspected.
The in situ concrete box of Option 4 would have to be constructed directly after the excavation of
the main tunnel part and then covered with a pre-cast cover to allow for traffic. The pipe could
then be installed at a later time. The construction of the concrete box at the bottom would however
lead to lower progress rates and a delayed access to the Lower Gabarband Intake which may
ultimately affect the critical path of the Project.

In conclusion, Option 3 was selected as the preferred option due to the shorter construction time
and high maintenance flexibility during Project operation.

8.6 Powerhouse Location and Orientation

The position of the Powerhouse at the bottom of the Pressure Shaft has been proposed in the
Alternatives Study of the Inception Phase as a result of an economic comparison.

The geological information available in the Powerhouse area is at the surface only. The theoretical
interpolation of the geological boundaries of the granitic body shows mainly vertical boundaries
but the boundary inclination remains uncertain at this stage. It can be assumed that the
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Powerhouse is located in favourable granitic rocks and less likely to encounter amphibolite. It is
acknowledged that the interpretation of the data at the Powerhouse depth, independent of its
location, is of rather limited validity in the absence of direct data at depth. This is why it is
recommended to investigate and confirm the proposed location and orientation of the Powerhouse
Cavern using the two Powerhouse access tunnels as exploratory adits at the beginning of the
construction phase to locate the Powerhouse in the most suitable geological unit to minimise the
rock support, construction time and the geological risk. Thus, it cannot be excluded that the
Powerhouse position may have to be slightly adjusted when direct reliable geological information
is available.

The orientation of the Powerhouse has not been adjusted as it is arranged to have the most
suitable orientation with regards to the assumed discontinuities to optimise rock support as
documented in the Volume 4 – Geology.

8.7 Powerhouse Characteristics

8.7.1 Turbine Type

The selection of the turbine type is usually driven by aspects such as operating conditions, turbine
and civil works costs, ease of maintenance of the worn components, or transport. These aspects
are however not taken into consideration for the Lower Spat Gah Project because it has a rated
net head for which only Pelton type turbines would be suitable as shown in Figure 8-4. The Pelton
turbines have the advantage of excellent part load capability because the Project can be operated
as a run-of-river project during the non-peaking hours.

Figure 8-4: Operating range of different number of turbine - application for Lower Spat Gah

8.7.2 Number of Turbines

A comparison of the number of turbines was conducted in order to select the most
economic/suitable number for the Project. The study was based on the hydraulic parameters from
the Optimisation Study in Volume 6 regarding reservoir levels, turbine level and head losses.

The natural stream flow conditions, storage capacity of the planned reservoir and transport are
relevant for the choice of number of units. The Lower Spat Gah Project will be operated as a
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peaking plant for several hours a day and a run-of-river plant in the remaining hours of the day
if the water inflow allows for it.

The determination of the best suitable number of generating units is a compromise between plant
flexibility/energy production (favouring a high number of units) and feasibility on one hand and
construction costs on the other hand. A minimum of two generating units is recommended such
that in case of maintenance and repair of one generating unit, the second generating unit is still
available for energy production. Two Pelton type turbines also allow for excellent part load
capabilities during the low flow periods.

The turbine size of a 2-unit setup is at the upper feasible limit of Pelton turbines. Due to the large
flow and the resulting large size of the units with a 2-unit setup, a setup of three turbines is also
considered. The main criteria for the design calculation of the units is a rated net head of 714.6 m
and a total plant discharge of 75 m3/s. The unit discharge is 37.5 m3/s for 2 units and 25 m3/s
for 3 units. The resulting preliminary main data and dimensions are shown in Table 8-5.

Table 8-5: Main data and dimensions of 2 and 3 Pelton units

Parameter 2 Units 3 Units

Type of turbine (-) Vertical Pelton Vertical Pelton

Number of jets (-) 6 6

Rated turbine output (MW) 236.5 157.7

Rated net head (m) 714.6 714.6

Rated discharge (m3/s) 37.5 25.0

Synchronous speed (rpm) 333.33 428.57

Diameter ring pipe (m) 16.5 12.7

Bucket width (m) 0.88 0.72

Due to its location in a remote and difficult to access area, the size of the unit is a decisive factor
that needs to be considered. This applies especially for the transformer which is the biggest and
heaviest part to transport to site. Also the access roads and tunnels need to be bigger with the
2-unit solution which will additionally increase the costs. In relation to transport the 3-unit solution
is to be preferred.

The installation time of the 2-unit solution is expected to be slightly shorter but at least this
advantage is outweighed by the fact that the handling of the bigger parts of the 2-unit parts is
more sophisticating.

The costs for the E&M equipment were estimated based on budgetary proposals from international
suppliers as well as the Consultant’s records. The overall costs including all technical main systems
amounted to similar costs of 75.1 million USD for 2 units and 73.4 million USD for 3 units. The
difference in costs for the 3-unit setup compared to the previous Project phase is due to a
calculation discrepancy in the previous Project phase. The costs for 3 units are lower mainly
because the synchronous speed is higher (428.57 rpm vs 333.33 rpm) and therefore the
generator has lower costs.

The unit size also has an impact on the dimensions of the Powerhouse Cavern which were roughly
estimated based on the unit dimensions. The excavation and concrete volumes for 3 units are
slightly higher than for 2 units. The estimated preliminary excavation and civil costs for a 2-unit
setting and a 3-unit setting are expected to be similar with 31.0 million USD and 32.1 million
USD, respectively.

The impact of the number of turbines on the generated energy was analysed with the efficiencies
used in the Optimisation Study. The energy was calculated using the same in-house software tool
as described in Chapter 9 and is based on the 45 years of inflow data as described in Volume 6.
Table 8-6 shows the output of the simulation. The depreciated energy was calculated for 30 years
of operation and discounted to Year 0 with a discount rate of 10%. The revenue has been
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calculated from the average annual energy generations using a tariff of 6.6 USc/kWh for the years
1-12 and 3.3 USc/kWh for the years 13-30 as assumed in the previous Project phases, and
discounted over 30 years of operation that are on the lower side. It can be noted that the annual
energy generation is insignificantly higher for 3 units than for 2 units due to slightly higher
efficiencies at lower flows.

Table 8-6: Energy calculation results for stand-alone operation

Results 2 Units 3 Units

Average annual energy generation GWh/yr 1,902 1,903

Depreciated energy generation GWh 17,930 17,944

Depreciated power revenue million USD 1,019.3 1,020.1

Difference in power revenues million USD - 0.8

The E&M and civil works costs as well as the power revenue difference are summarised in Table
8-7 to compare the number of units. The overall costs for 3 units are slightly smaller than for 2
units.

Table 8-7: Overall cost comparison of 2 and 3 Pelton units

Costs 2 Units 3 Units

E&M equipment million USD 75.1 73.4

Powerhouse million USD 31.0 32.1

Difference in power revenues million USD - -0.8

Total million USD 106.0 104.7

Furthermore, and however not directly accounted for cost wise in the above calculations, the 3-
unit layout has the following advantages:

 Operation and maintenance:

o Better efficiency in partial flow of plant,

o More operation flexibility,

o Reduced energy loss during planned and unplanned outages,

o More operation safety,

o More availability in case of maintenance.

 Because of smaller equipment size:

o Lower weight of transport vehicle,

o Smaller and cheaper EOT crane,

o Smaller equipment to handle for installation and maintenance.

 Civil design

o Smaller parts to transport (road, bridges, tunnel),

o Smaller, cheaper and faster to construct Main Access and Power Evacuation
Tunnel required due to more compact transformers.

The only disadvantage of the 3-unit solution is the slightly longer installation time. The size of the
turbines and generators of the 2-unit layout become too big and the advantage of having one unit
less becomes void. The larger size also makes the transport and installation more complicated
and therefore potentially more expensive and hazardous. The Powerhouse Main Access and Power
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Evacuation Tunnel also needs to be larger and the costs will thus additionally increase for the 2-
unit layout which was not accounted for in the above comparison.

Because there is no significant cost advantage for a 2-unit layout and because a 3-unit layout is
more beneficial regarding installation, operation and maintenance, it was recommended to select
the 3-unit layout. As a 3-unit layout greatly solves the transportation issues, the 4-unit layout
was not investigated. In addition, the 3-unit layout already reached equilibrium between increased
costs and additional energy production, thus a further increase of number of units would not bring
additional economic benefits, and the OPEX cost are higher with more units.

8.7.3 Number of Nozzles

For the given head and resulting size of the runner, four, five and six-nozzle vertical Pelton
turbines are technically possible. Even though minimally more expensive than a four and five-
nozzle turbine, a six-nozzle turbine has higher efficiencies and better part-load capabilities and
was thus selected.

8.7.4 Speed

The speed selection of the unit is primarily determined by the given head, flow, number of nozzles
and desired operating regime.

Generally a higher speed leads to smaller turbine and generator dimensions, which is directly
reducing the cost of the equipment and civil structures. Therefore, it is desirable to select a
synchronous speed as high as technically possible. This applies in particular to cavern
powerhouses as the space is limited there.

A speed of 428.57 rpm has been selected as the synchronous speed for a six-nozzle turbine
because this is the maximum speed for this Project based on the design for the prevailing
hydraulic conditions. This speed has also been conservatively proposed in the budgetary proposals
received by Suppliers to remain on the safe side from a cost perspective.

It is however acknowledged that E&M Suppliers may propose a four or five-nozzle turbine and
corresponding speed at the bidding stage to eventually optimise cost and provide a more operator
friendly solution regarding the risk of sediment abrasion as it has been checked by the Consultant
that a five-nozzle Pelton turbine would fit in the current Powerhouse design with only very minor
adjustments required on the civil side.

8.7.5 Main Inlet Valve Type

The selection of the main inlet valve (MIV) type depends on the design pressure. A cost vs. head
loss comparison can be conducted if more than one valve type is possible. Table 8-8 compares
the characteristics of the two possible types, butterfly valve and spherical valve.

Due to the design pressure of 90 bar only the spherical valve type is applicable and has been
chosen for the Lower Spat Gah Project.
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Table 8-8: Comparison of main inlet valve types

Characteristic Butterfly Valve Spherical Valve

Typical head range To 25 bar (2.5 MPa) To 200 bar (20 MPa)

Diameter To approximately 6,000 mm To approximately 3,000 mm

Reliability High, shutoff off free-flow
possible

Shutoff of free-flow discharge
possible, double seal arrangement
with operation and maintenance
seal usual

Head loss

Moderate and depending on
design – Lentil-Type Disc for
smaller diameters and standard
valves and Biplane-Type disk for
larger diameters

Negligible because it corresponds to
the head of an equivalent length of
pipe

Leakage Low Very low

Type of seal Rubber to metal Metal to metal

Control system
Automatic - closing with
counterweight and opening with
hydraulic servomotor

Automatic - closing with
counterweight or pressure storage
system and opening with hydraulic
servomotor

Maintenance Low Moderate

Cost Moderate, standard design for
smaller diameters available

Expensive, custom-designed and
cost is 2-3 times that of butterfly
valves

Delivery Time 9 - 15 months - depending on
the diameter 12 - 24 months

8.7.6 Turbine Centreline and Flood Protection Level

The Indus River water levels in natural flow conditions are below the Tailrace Outlet Structure and
do not impact the design of the Project. The Patan hydropower plant is however planned further
downstream on the Indus River. The Full Supply Level of the future reservoir has been assumed
at 760.00 m asl as given in the 2010 Feasibility Study and confirmed based on a more recent
status of the Project. It has therefore been assumed that the flood water level of the future Patan
reservoir is 1 m above the FSL at 761.00 m asl. This water level has been set as the downstream
boundary condition to calculate the water level in the Tailrace Tunnel directly below the turbines
in order to determine the turbine centreline with an appropriate freeboard to avoid too frequent
powerhouse shutdowns.

With the given tunnel length, slope and invert levels, the water level at the beginning of the
Tailrace Tunnel results to 762.4 m asl. A preliminary clearance of 2.5 m is required between the
turbine wheel and the flood water level. With the given turbine dimensions, this results in a turbine
axis elevation of 765.40 m asl.

8.7.7 Transformer Type

The unit transformers can either be single-phase type or three-phase type transformers. For the
unit transformers, three-phase type transformers have been chosen for the following reasons:

 No requirement for spare transformers inside the cavern on the Operator’s side,

 The final dimensions for one three-phase transformer are smaller than three single-phase
units (approximately L x W x H: 9 x 5 x 7 m compared to 18 x 5 x 7 m). The remaining
space in the Powerhouse can be used for other equipment. The relevant transport
dimensions for tunnel access and the width/height of the units remain however quite
similar (no significant benefit),
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 The overall weight for one three-phase transformer is smaller than three single-phase
units (approximately 120 ton compared to 240 ton). The relevant transport weight is only
a bit larger than for one single-phase unit,

 The costs of the transformer are directly linked to the volume and weight of the
equipment. Therefore the cost of one three-phase unit is approximately 40 - 50% lower
than for three single-phase units. The cost savings for the three main transformer units
alone will lead to around 3.4 million USD without taking into consideration potential
savings on the civil side due to a reduced Transformer Cavern length.

Table 8-9: Comparison of transformer type

One Three-Phase Transformer Three Single-Phase Transformers

Total size (L x W x H) 9 x 5 x 7 m 18 x 5 x 7 m

Overall weight 120 ton 240 ton

Costs for 3 units
compared to three-
phase transformers

0 +3.4 million USD

The assessment is based on the preliminary equipment dimensions and on the assumption that
standard transport equipment which is typically used for such tasks will be available and used by
the Contractor. The transport equipment is namely a low bed trailer with a truck. Precondition is
that the transport takes place in the low inflow season of the year.

Based on the route survey performed for this Feasibility Study, it is understood that only the
access roads located on the left bank of the new bridge across the Indus River will need to be
upgraded to facilitate the transport of the equipment to the Powerhouse site. The slightly heavier
three-phase transformer are expected to, if at all, only require marginally more road upgraded
measures than the single-phase transformer would, considering the short length of the access
road to the Powerhouse portal from the new bridge across the Indus River and considering the
fact that the Karakoram Highway to the Project site is understood to be suitable for the design
vehicles required for the upstream Dasu and Diamer-Basha projects.

Because the single-phase transformers do not offer a real advantage in transport size or weight
and because of the price advantage of the three-phase transformers, the three-phase
transformers were selected for this Project.

8.8 Switchyard Type and Location

In line with common practise for powerhouses with long access and evacuation tunnels, a gas-
insulated switchgear (GIS) type located in the Transformer Cavern has been selected for the
Lower Spat Gah Project in accordance with the findings of the 2010 Feasibility Study and also
because of the yet to be finalised grid connection requirements.

When the confirmation from NTDC regarding grid connection length, voltage as well as the location
and voltages of the switchgear at the grid connection point is available, it can be discussed if a
high-voltage switchgear is required in the transformer cavern. Directly connecting the transformer
to the Connection Switchyard does however have the risk of revenue loss when one of the
transmission cables breaks because the unit cannot be operated during the repair time. Having a
GIS in the Transformer Cavern would allow the continuation of operation of all units in case of a
high voltage cable defect because the energy can be conveyed through the remaining cables. It
is therefore recommended to discuss the grid connection and requirements for the high voltage
switchgear with NTDC for the final design implementation.
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9 Project Concept and Operational Aspects

Corresponding Drawing

LSG-FS-000-003 Project Overview, Schematic Hydraulic Scheme, Longitudinal Profile

9.1 Project Concept

9.1.1 Overview

The Lower Spat Gah HPP is a run-of-river project with potential peaking capabilities located on
the Spat Gah and Gabarband Rivers in the Khyber Pakhtunkhwa Province in Northern Pakistan.
The proposed concept and the main design parameters have been selected based on the
Alternatives and Optimisation Study conducted during the Inception Phase (Volume 6). The
Project is planned with headworks on the Spat Gah River to convey water to the Powerhouse and
a secondary intake on the Gabarband River connecting to the Headrace Tunnel. The water is
released from the Powerhouse to the Indus River about 1.3 km upstream of the confluence with
the Spat Gah River.

The Lower Spat Gah HPP consists of the following main structures:

 Lower Spat Gah Headworks with rockfill dam, flushing channels, intake on the right bank,
surface desander and forebay,

 Lower Gabarband Intake with weir structure, intake on the left bank, surface desander
and forebay,

 2.4 km long Gabarband Intake Tunnel connecting to the Headrace Tunnel with free-flow
section at the beginning and pressurised section after,

 10.9 km long pressurised Headrace Tunnel,

 0.5 km high Pressure Shaft,

 0.2 km long High Pressure Tunnel including penstock,

 Power Cavern with 3 Pelton turbines,

 1.3 km long free-flow Tailrace Tunnel.

The Project is planned as a run-of-river scheme and the limited storage capacity between the Full
Supply and Minimum Operating Level of the reservoir is used as an active storage for peaking
capabilities.
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Figure 9-1: Schematic hydraulic longitudinal profile

9.1.2 Lower Spat Gah Headworks

The Lower Spat Gah Headworks is located on the Spat Gah River and consists of a dam, flushing,
and intake and desander section. The clay core rockfill dam is located on the left bank and
connects the left abutment with the flushing structure. The flushing structure has three channels
equipped with radial gates, and the gate No. 3 next to the desander intake also has a flap gate
on the top. The flap gate is foreseen to regulate the reservoir water level up to its capacity most
of the year. It will also be used to flush debris downstream. The sediments in front of the desander
intake will be periodically flushed, ideally during flood conditions. The residual flow will be released
through a valve-controlled pipe from the desander intake through the flushing channel No. 3 right
wall.

The intake to the Power Waterway system and desander is located on the right river bank. The
intake has a separate opening for each two desander basins and is protected with a trash rack to
prevent the inflow of large debris. A trash rack cleaning machine will be provided to remove
accumulated debris which could not be flushed downstream. Each of the three intakes consists of
a sluice gate, which can be closed to isolate the desander and Power Waterway system from the
river flow as well as enable the desander flushing process for each basin pair without stopping the
power plant operation. The diverted water is then conveyed through the intake channels into the
desander basins. The purpose of the six desander basins is to deposit particles exceeding a size
of 0.3 mm (Chapter 8.3.1) and thus removing them from the water being conveyed to the
Powerhouse. The sediment can be flushed back to the Spat Gah River by a flushing channel. Each
basin has a sluice gate at the bottom and slide gates on top of the end sill to be flushed separately.

The inflow into the forebay downstream of the desander is over the end sill crest at 1,498.25 m asl
at the downstream end of the basins. The reservoir, desander and forebay are designed to operate
with communicating water levels, resulting in a continuous and corresponding water level between
the forebay and reservoir. The water level above the end sill and in the forebay for the design
discharge at Full Supply conditions is at 1,509.98 m asl. This is the FSL for the forebay.

The Powerhouse will be operated such that the reservoir active storage is optimally used during
the two peaking periods of two hours in the morning and evening. When the complete active
storage is used to generate peaking energy then the reservoir level is lowered to the MOL. The
MOL in the forebay is 1,499.65 m asl and corresponds to the MOL in the reservoir minus the head
losses in between.

The connected water body from the Lower Spat Gah forebay to the reservoir provides ample
regulating volume for both steady-state and transient operation states of the generating
equipment. An overflow section has also been included in the forebay for water to flow back into
the river in case the desander intake remains open but the turbine operation has stopped.
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9.1.3 Lower Gabarband Intake

The Lower Gabarband Intake is located on the Gabarband River and consists of a spillway, flushing
channel, lateral intake, desander and the inlet to the Gabarband Intake Tunnel. The spillway is
an ungated concrete structure. The flushing channel consists of one bay with a radial gate, which
is foreseen to regulate the reservoir water level. It will also be used to flush debris downstream.
The sediments in front of the desander intake will be periodically flushed with the radial gate,
ideally during flood conditions. The residual flow is released through a valve-controlled pipe from
the desander intake through the flushing channel left wall.

The Normal Operating Level (NOL) at the Lower Gabarband Intake is at 1,553.00 m asl and the
MOL at 1,552.06 m asl, which corresponds to the desander end sill level. Up to the maximum
diversion discharge the reservoir regulates itself as a result of the desander end sill overflow. Up
to the discharge capacity of the radial gate the flushing channel gate regulates the reservoir to
be at the NOL. For larger inflows water starts flowing over the spillway and the reservoir level
rises.

9.1.4 Power Waterway

The Power Waterway consists of the following structures:

 Pressurised Headrace Tunnel,

 Partly pressurised Gabarband Intake Tunnel,

 Surge Shaft,

 Pressure Shaft,

 High Pressure Tunnel,

 Free-flow Tailrace Tunnel.

Headrace Tunnel

A forebay is located at the upstream end of the Headrace Tunnel and just downstream of the
Lower Spat Gah desander. The tunnel intake invert is set to avoid water levels in the forebay
lower than the tunnel soffit as a result of load rejection as well as critical submergence.

The Headrace Tunnel conveys the flow from the forebay to the Pressure Shaft under pressurised
flow conditions. The size of the tunnel has been determined with an economic optimisation and is
larger than the space required during construction for the muck haulers and ventilation. The rock
support is divided into several classes (five in total) and based on the local geological conditions
met during excavation and a concrete lining is systematically applied. The section near the
Gabarband Crossing will have systematic steel lining over a length of circa 760 m with the required
length based on hydraulic confinement requirements.

Gabarband Intake Tunnel

The Gabarband Intake Tunnel conveys the water with a GRP pipe on the side of the tunnel from
the Lower Gabarband Intake to the Headrace Tunnel. The elevation of the intake is above the Full
Supply Level of the Lower Spat Gah Headworks and the water is flowing in free-flow conditions in
the upper part of the pipe while it flows under pressurised conditions in the lower part. A butterfly
valve is installed at the downstream end of the GRP pipe to allow for emergency closure as well
as maintenance closure such that the pipe can be inspected independently of the Headrace Tunnel.
The Gabarband Intake Tunnel is sized to allow for access to the Lower Gabarband Intake during
construction as well as access during operation.

Surge Shaft

At the downstream end of the Headrace Tunnel, just upstream of the Upper Erection and Gate
Chamber, is the 0.4 km high vertical Surge Shaft. The Surge Shaft is systematically concrete lined
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as water level oscillations will occur. The throttle connecting the Headrace Tunnel to the Surge
Shaft itself will be steel lined.

Upper Erection and Gate Chamber

The Upper Erection and Gate Chamber is located at the downstream end of the Headrace Tunnel
and houses the emergency and maintenance butterfly valve as well as the concrete-encased bend
at the upper end of the Pressure Shaft. The butterfly valve will serve as one of the emergency
closing systems and also allows for inspection of the Pressure Shaft and High Pressure Tunnel
without having to dewater the Headrace Tunnel.

The access is through the access tunnel to the Upper Erection and Maintenance Gate Chamber.
The erection crane in the chamber will be used for the erection and the maintenance of the
butterfly valve and a temporary erection crane/winch (not shown on the drawings) will be used
for the installation of the Pressure Shaft steel liner.

Pressure Shaft

Downstream of the gate chamber is the 0.5 km high vertical Pressure Shaft with a systematic
steel lining. The size of the lining is based on a cost optimum between construction costs and
generation losses due to head losses.

High Pressure Tunnel

The High Pressure Tunnel connects the Pressure Shaft with the penstocks to the three turbines of
the Powerhouse and includes a Lower Erection Chamber for installation of the steel cans. The
tunnel is excavated as a horseshoe profile and is systematically steel lined with the same inner
diameter as all the other steel lined sections of the Power Waterway.

Tailrace Tunnel

The Tailrace Tunnel conveys the water in free-flow conditions from the Powerhouse to the Tailrace
Tunnel Outlet Structure and thus to the Indus River. The tunnel is excavated as a modified
horseshoe profile and is systematically concrete lined. The Tailrace Tunnel ends at the Tailrace
Outlet Structure from which the water flows into the Indus River. The Tailrace Outlet Structure is
located about 1.3 km upstream of the confluence of the Spat Gah River with the Indus River.

9.1.5 Powerhouse

The underground Powerhouse is located about 1.3 km from the Tailrace Outlet Structure on the
left bank of the Indus River. It will be equipped with three six-nozzle vertical Pelton turbines with
a total Installed Capacity of 470 MW and a plant design discharge of 75 m3/s.

The maximum gross head between the forebay at FSL and the turbine axis is 744.58 m. The head
losses in the waterway at design discharge are 22.50 m and result in a net head of 722.08 m with
the forebay at FSL.

9.1.6 Power Evacuation

The switchyard of the Lower Spat Gah HPP will be located in the Transformer Cavern next to the
Powerhouse Cavern and consists of a 220 kV gas-insulated switchgear (GIS). The voltage is
assumed due to the yet to be determined exact grid connection. The power will be evacuated
through the 0.3 km long Emergency and Power Evacuation Tunnel and the 1.2 km long Main
Access and Power Evacuation Tunnel to the surface. Based on the power systems study, a
Connection Switchyard will be located near the Power Cavern access tunnel portals at which the
voltage is stepped up to 765 kV. From there a 765 kV transmission line will connect to the 765 kV
Dasu - Manshera transmission line. The exact grid connection point is unknown at the time of
writing of this Feasibility Study Report and the main characteristics of the power line will have to
be defined once the power system study have been discussed and approved by NTDC.
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9.2 Operation of the Scheme

9.2.1 General

The purpose of the two dams/weirs is to (i) to divert the water from the Spat Gah and Gabarband
Rivers into the Power Waterway system, (ii) to continuously release the residual flow into the
downstream reach of the respective river, and (iii) to safely pass the floods downstream of the
dams/weirs.

The operation concept of the Lower Spat Gah reservoir is run-of-river with two 2-hour peaking
periods, which means that the Powerhouse will be operated such that the reservoir active storage
is optimally used during the peaking period in the morning and evening.

During the high-flow period of the year when the inflow is higher than the design discharge the
reservoir will be operated at the Full Supply Level and the excess water is spilled. During the low-
flow period of the year when the complete inflow is needed to fill the reservoir for the peaking
period, no energy will be generated between the two periods. The water level of the reservoir will
fluctuate between the FSL at the beginning of the peaking period and a lower reservoir level at or
above the MOL at the end of the peaking period. For inflows in between those extreme cases the
Powerhouse will be generating energy such that the reservoir is full at the beginning of the peaking
period. The reservoir will also fluctuate between the FSL and MOL with the peaking cycles.

The operational concept of the Lower Gabarband Intake is such that the water level in the
reservoir is regulated by the flow over the desander end sill up to the design diversion discharge.
For inflows larger than the design diversion discharge and residual flow the water level is kept
constant at the Full Supply Level as much as possible.

The spillway devices at the Lower Spat Gah Headworks and Lower Gabarband Intake are:

 Lower Spat Gah Headworks: the flap gate on top of the flushing channel radial gate next
to the desander intake is the primary water release during normal operation. The
secondary water level regulation is the radial gate of the same flushing channel. During
floods one to all flushing channel radial gates are opened to allow sediment flushing from
the desander intake area.

 Lower Gabarband Intake: the flushing channel radial gate is the primary release during
normal operation as well as flood conditions. During floods the ungated spillway will also
be overflown.

The operation pattern of the Lower Spat Gah Headworks and Lower Gabarband Intake are as
follows:

 Flows in the two rivers equal to or smaller than the residual flow are released back into
the river.

o At the Lower Spat Gah Headworks, the water is released through the valve-
controlled residual flow pipe. The valve is used to regulate the reservoir and
release the inflows.

o At the Lower Gabarband Intake, the water is also released through the valve-
controlled residual flow pipe and the reservoir is also controlled with the valve.

 Flows higher than the residual flow, but equal to or smaller than the design discharge are
stored in the Lower Spat Gah reservoir and can be diverted at the Lower Gabarband Intake
by the amount exceeding the residual flows.

o At the Lower Spat Gah Headworks, the reservoir will be regulated to allow for
maximum peaking energy generation. The diverted flow and the reservoir level is
controlled by the turbine discharge with the goal to fill the reservoir for the
peaking periods. The reservoir water level at the end of the peaking period will
be at or above MOL depending on the reservoir inflow.

o At the Lower Gabarband Intake, the flow into the tunnel is controlled by the
desander end sill. The reservoir level will then adjust itself so that the outflow
matches the inflow. Water is only diverted into the Gabarband Intake Tunnel when
the turbines are operating.
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 Flows higher than the design discharge are controlled as follows:

o At the Lower Spat Gah Headworks, excessive flow releases are first controlled by
the flap gate on top of the flushing channel radial gate next to the desander
intake. For discharges higher than the flap gate capacity the radial gate No. 3 will
be opened to help regulate the reservoir water level,

o At the Lower Gabarband Intake, the flushing channel radial gate will be used to
regulate the reservoir level and release the discharge.

 Floods will be controlled as follows:

o At the Lower Spat Gah Headworks, the floods are regulated with the flushing
channel radial gates. This also accomplishes sediment flushing. The reservoir level
can be kept at the FSL up to a PMF if all gates are operational. If one of the gates
is not operational the reservoir level rises up to 1,510.74 m asl in case of a
10,000-year flood,

o At the Lower Gabarband Intake, the floods are only controlled with the flushing
channel radial gate. The NOL in the reservoir can be kept up to a flood of about
76 m3/s, which corresponds to about a 1 to 2-year flood. For higher floods the
water will start flowing over the fixed-crest spillway.

 However, during larger flood events, if the river water contains a high concentration of
bed load, suspended load or floating debris, it can be economically favourable to stop the
operation of the Powerhouse and close the desander intake gates in order to prevent
excessive sediment load from entering the Power Waterways. The exact return period at
which the desander intake gates shall be closed (i.e. typically annua 2 or 5-yr flood) will
have to be defined during the next Project stage based on sediment transport studies.

Flows and water levels are controlled with sensors throughout the system at the following
locations:

 Flushing channels of the Lower Spat Gah Headworks,

 In each desander basin of the Lower Spat Gah Headworks,

 Forebay upstream of the Headrace Tunnel,

 Flushing channel of Lower Gabarband Intake,

 Overflow crest at the end of each desander basin at Lower Gabarband Intake,

 Penstock upstream of the butterfly valve at the Gabarband Intake Tunnel,

 Surge Shaft,

 Penstock upstream of the MIV,

 Powerhouse Tailrace Tunnel.

9.2.2 Operational Conditions

The operation of the Lower Spat Gah HPP is described for:

 Normal conditions: flows from minimum discharge up to smaller floods which will carry
increased sediment loads and floating debris,

 Flood Conditions.

9.2.2.1 Normal Operation

Lower Spat Gah Headworks

During river flows, exclusive of the residual flow, lower than the design discharge of the Headrace
Tunnel, the Headrace Tunnel flow is depending on the inflow and the time of day. However, all
the flushing channel gates are closed and the reservoir level ranges between the FSL at
1,510.00 m asl and the MOL at 1,500.00 m asl.
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The reservoir will be drawn down from the FSL to the MOL during the peaking period such that a
constant energy output can be generated for the 2-hour period. If the volume of the reservoir
storage and the inflow into the reservoir is larger than the Headrace Tunnel design discharge then
the reservoir will not reach MOL and is operated at or near the FSL.

During the non-peaking period the inflow will be used to bring the reservoir back up to the FSL.
The flow in the Headrace Tunnel will depend on the inflow and required reservoir volume to fill.
During the low-flow periods all the inflow can be stored for peaking energy generation and the
Powerhouse will not be operated in between. With higher inflows more water will be available to
be diverted and used for energy generation in between the peaking periods.

For river flows higher than the Headrace Tunnel design discharge, the reservoir and forebay
operation level will be kept constant at the FSL, which corresponds to 1,510.00 m asl in the
reservoir and 1,509.98 m asl in the forebay. The Powerhouse will be operated at design discharge
during the whole day. Excessive water will be released with the flap gate on top of the flushing
channel radial gate next to the desander intake. When the spilled water exceeds the capacity of
the flap gate, the flushing channel radial gates will be used to maintain a constant FSL.

Lower Gabarband Intake

Flow will only be diverted at the Lower Gabarband Intake if the Powerhouse is generating energy.
During non-operational periods the intake to the desander intake will be closed and the inflow
released back into the river.

Assuming that the Powerhouse is generating energy and deducting the residual flow, the reservoir
water level will be between the NOL and MOL for river flows lower than or equal to the design
discharge of the Gabarband Intake Tunnel. The water level in the reservoir is determined by the
flow into the tunnel over the desander end sill. The flushing channel radial gate is closed.

For river flows higher than the Gabarband Intake Tunnel design discharge, the reservoir level will
be kept constant at the NOL of 1,553.00 m asl as long as the flushing channel radial gate can be
used for water release.

9.2.2.2 Operation during Flood Events

Lower Spat Gah Headworks

The safety device of the Lower Spat Gah Headworks for flood conditions is the gated flushing
channels. A constant water level of 1,510.00 m asl can be maintained for all flood conditions up
to and including the PMF if all gates are operational.

At least one of the radial gates preferably at the channels No. 2 and No. 3 will be opened at least
once a year during floods to flush sediments from the intake. This decreases the requirements for
flushing during lower flow periods when the flow would have to be used for flushing instead of
diversion. During larger floods opening the radial gates allows for sediments to be flushed from
within the reservoir area.

The flushing channel gates are designed according to the (n-1) rule. This means a safe passing
of the floods must be guaranteed even if the most capable gate, i.e. one of the radial gates, is
not functioning. This design leads to increased water level in the reservoir of 1,510.74 m asl and
a decreased freeboard.

However, during flood events with a high concentration of bed load and suspended load it can
anyhow be economically favourable to stop the operation of the intakes and Powerhouse and close
the desander intake gates in order to prevent excessive sediment load entering the Power
Waterway. This would lead to increased flushing of the desander and increased sediment loads in
the Power Waterway.

Lower Gabarband Intake

The main safety device of the Lower Gabarband Intake for flood conditions is the ungated spillway.
A constant water level in the reservoir can be maintained by the flushing channel gate during
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smaller floods up to a about 76 m3/s. If the flood exceeds the capacity of the flushing gate, the
excess water will additionally be spilled over the fixed weir crest.

The flushing channel gate will be opened at least once a year during flood conditions to flush
sediments from the intake. This decreases the requirements for flushing during lower flow periods
when the flow would have to be used for flushing instead of diversion. Opening the radial gate
during floods allows for sediments to be flushed from within the reservoir area.

The ungated spillway provides a safe passage of the floods because no gates need to be operated
and no power needs to be available. The flushing gate has not been taken into consideration for
the safety flood routing to adhere to the (n-1) rule.

If the reservoir level increases too much above the NOL, the desander gates will have to be closed.
The flood return period at which the desander intake gates shall be closed has to be defined during
the next Project stage.

However, during flood events with a high concentration of bed load and suspended load it can
anyhow be economically favourable to stop the operation of the intake and power plant and close
the desander intake gates in order to prevent excessive sediment load entering the waterway
system. Otherwise it would lead to increased flushing of the desander and increased sediment
loads in the waterway system.

Powerhouse

The operation of the power plant is stopped when the floods at the Lower Spat Gah Headworks
and Lower Gabarband Intake reach a level that corresponds to a flood with a return period that
will have to be defined at a later stage during the preparation of the Operation and Maintenance
Manuals.

The operation of the Powerhouse has to be stopped when the water level in the Indus River at
the Tailrace Tunnel Outlet Structure reaches a water level of 761 m asl. At this level the freeboard
to the Pelton turbines is smaller than the required freeboard, and the turbines are stopped. This
level will only be reached when the Patan dam is built and the spillway has to pass floods. Once
the Patan dam is built its reservoir flood levels have to be studied and any potential measures
evaluated.

9.2.3 Residual Flow Release

Lower Spat Gah Headworks

The residual flow at the dam will be released through an embedded steel pipe in the pier between
the desander and right most flushing channel, and is controlled by a small valve. The valve is
automatically or manually operated, and open during all operation conditions. This guarantees
flow releases during power outages.

Lower Gabarband Intake

The residual flow at the dam will be released through an embedded steel pipe in the left flushing
channel pier and is controlled by a small valve. The valve is automatically or manually operated,
and open during all operation conditions. This guarantees flow releases during power outages.

9.2.4 Floating Debris Management

Any floating debris at the Lower Spat Gah Headworks is released over the flap gate of the most
right flushing radial gate in order to avoid clogging of the desander intake trash rack. During large
floods the flushing gates will be opened and the debris will also be flushed out below the gates.
Any debris accumulating in front of the intake can also be removed with the trash rack cleaning
machine.

The debris at the Lower Gabarband Intake is also released over the spillway during flood events.
The trash rack cleaning machine can also remove any debris at the intake trash rack.
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9.2.5 Sediment Flushing

Deposits in front of the intake at the Lower Spat Gah Headworks and Lower Gabarband Intake
need to be removed to avoid entrainment of sediments into the Power Waterway system. The
normal procedure is by flushing the intake area. This is achieved by operating the right most
radial gate of the flushing structure at the Lower Spat Gah Headworks and by operating the radial
gate of the flushing channel at the Lower Gabarband Intake. An effective flushing of the sediment
in front of the intakes can be achieved with a relatively short opening of the respective radial
gate.

An effective emptying of a larger section of the Lower Spat Gah reservoir deposits can be achieved
with good results by flushing the deposits during higher floods and lowering the reservoir levels
on the receding section of the flood. The radial gates of the Lower Spat Gah Headworks are
operated frequently to regulate the reservoir level for river flows exceeding the design discharge.
It is estimated that the flushing channels need to be operated multiple times a year during the
high-flow season floods depending on the volume to be flushed out during a flushing event as
shown in Volume 3 - Hydrology. The sediments will therefore be removed from the intake area
frequently.

The radial gate at the Lower Gabarband Intake is expected to be operated more frequently but
for shorter periods than the Lower Spat Gah Headworks flushing channel due to the smaller
reservoir.

9.2.6 Unusual Conditions

The intake gates of the Lower Gabarband Intake desander will be closed when the reservoir
reaches a water level above the NOL. This water level and the corresponding flood return period
will have to be determined in a next Project phase.

During an emergency plant shutdown the water level of the Lower Spat Gah forebay to the
reservoir will increase and the flows will be released at the forebay overflow section. The desander
intake gates will then immediately be closed. In case the gates at the desander intake do not
close the flow can be spilled back into the Spat Gah River at the above forebay overflow section.

The water level in the Lower Gabarband Intake tunnel will also increase during an emergency
plant shutdown. The desander intake gates will then immediately be closed. The forebay has been
designed to accommodate any water level increase in the Gabarband Intake Tunnel back into the
forebay without having to spill back into the Gabarband River. It contains a forebay overflow
section for the water to be returned back to the Gabarband River in case the desander intake
remains open but the water cannot flow into the Gabarband Intake Tunnel.

9.2.7 Flushing of Desander Basin

Lower Spat Gah Headworks

While two basins are flushing, the other four basins remain in operation. The discharge in the
Power Waterway system will then be lower than the available capacity.

The flushing procedure for one desander basin pair is as follows:

 Closing of the intake gate,
 Closing of the end sill crest gates of both basins,
 Opening of the flushing gate of one basin,
 When the water level in the chamber is down, open the intake gate slightly to provide for

free-surface flushing,
 Closing of the intake gate,
 Closing of the open flushing gate,
 Opening of the flushing gate of the other basin,
 When the water level in the chamber is down, open the intake gate slightly to provide for

free-surface flushing,
 Re-operate.
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Flushing with a settler is alternate, which leads to less intake capacity during flushing, because
two basins cannot be used.

Lower Gabarband Intake

While one basin is flushing, the other basin remains in operation. The discharge in the Headrace
Tunnel system will then be half of the available capacity.

The flushing procedure for one desander basin is as follows:

 Closing of the intake gate,

 Opening of the flushing gate,

 When the water level in the chamber is down, open the intake gate slightly to provide for
free-surface flushing,

 Re-operate.

Flushing with a settler is alternate, which leads to less intake capacity during flushing, because
one chamber cannot be used.

9.3 Access Concept, Inspection and Maintenance during Operation
Phase

9.3.1 Lower Spat Gah Headworks

The Lower Spat Gah Headworks are reached via the main access road from near the Powerhouse
portal area along the Spat Gah valley. The last 300 m are in a tunnel which ends at the left
abutment of the rockfill dam at the crest level. The weir, desander intake, desander and headrace
tunnel inlet can be reached via the road on the dam crest, weir bridge and roads around the intake
and desander.

9.3.2 Lower Gabarband Intake

The Lower Gabarband Intake is reached from the Spat Gah access road via a surface road and
the Gabarband Intake Tunnel. The surface road leads from the Spat Gah and Gabarband Rivers
confluence to the Gabarband Crossing of the Headrace Tunnel.

An access tunnel connects the crossing area with the Gabarband Intake Tunnel. The Gabarband
Intake Tunnel has been designed to contain the water conveying pipe on one side of the tunnel
and access with a small truck driving on the other side of the tunnel. At the Lower Gabarband
Intake a road leads from the portal along the desander to the intake and weir.

9.3.3 Power Waterway

If the Power Waterway needs to be inspected or maintained, it has to be fully or partly dewatered.
If the whole waterway upstream of the Powerhouse has to be accessed then the gates at the
Headrace Tunnel intake and the Lower Gabarband Intake tunnel inlet need to be closed and the
waterway dewatered. The access would be either from the Headrace Tunnel intake, the manhole
next to the Gabarband Intake butterfly valve or from the Upper Erection and Gate Chamber.

If only the Pressure Shaft and/or the High Pressure Tunnel need to be inspected then the butterfly
valve at the downstream end of the Headrace Tunnel can be closed and the Headrace Tunnel does
not have to be fully dewatered. The access would either be from the Upper Erection and Gate
Chamber manhole or the MIV manhole.

If only the GRP pipe needs to be inspected then the butterfly valve at the downstream end of the
Gabarband Intake Tunnel can be closed and the rest of the Power Waterway does not have to be
dewatered. The access would either be from the manhole at the downstream end of the pipe, the
manhole in the middle of the pipe or from the Gabarband Intake forebay.
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9.3.4 Power Cavern

The Power Cavern is mainly accessed through the Main Access and Power Evacuation Tunnel from
the Powerhouse portal area.

9.3.5 Hydro-Mechanical Equipment Handling for Maintenance

A mobile crane is foreseen for the maintenance of the Headrace Tunnel intake gate and stoplogs
as well as the Lower Gabarband flushing gate and stoplogs. It has been foreseen that such a
mobile crane will be borrowed from outside the Project if needed for any planned maintenance
works.

Alternatively a gantry crane could be installed at the Headrace Tunnel inlet and the Lower
Gabarband flushing channel at the Client’s convenience.
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10 Energy Simulations

10.1 Introduction

A hydrologic reservoir simulation model was applied to estimate the potential energy generation
of the projected hydropower plant. The energy model is based on available topographic data and
daily inflow series at the diversion weir sites obtained from the hydrology study (see Volume 3 –
Hydrology).

The software used for the energy simulations is an in-house software tool capable of modelling
reservoir operations, taking the natural and artificial inflow, live storage of the reservoir and
turbine characteristics as well as energy prices for optimisation into account. Simulations
considering energy prices to maximise revenues were not established within this study. The
energy model is also taking into account hydraulic head losses and residual flows as well as
efficiencies of the generating equipment. The main inputs and results are summarised in the
following sub-chapters.

10.2 Energy Model

The energy models have been set up for a 54-year period to reflect the hydrology inflow series
duration. The following input data have been used for the energy calculations:

 Hourly inflow at dam/weir locations for a period of 54 years,

 Reservoir parameters (live storage curve, FSL, MOL),

 Reservoir operation guide curve,

 Turbine capacities,

 Turbine levels, head losses and efficiencies of generating equipment,

 Monthly evaporation data,

 Residual flow requirements.

The intraday energy simulation is based on hourly time steps allowing demand driven operation
(peaking). The simulation of the operation of the hydropower scheme takes ecological flow
requirements into account.

The results of the simulations are:

 Energy generation data for a period of 54 years,

 Flow releases.

10.3 Model Input

10.3.1 Hydraulic System

Two separate energy models have been set up, one with the complete cascade in place and one
with Lower Spat Gah Project as a stand-alone scheme. In the model with the whole cascade, all
three stages including the Upper Spat Gah Project and the Middle Gabarband projects are
incorporated into the simulation. The two upper stages change the distribution of the available
(natural) inflows at the Lower Spat Gah dam and Lower Gabarband Intake. The model with only
the Lower Spat Gah simulates the energy generation with no upstream schemes and therefore
the natural inflow at the dam and intake.

The hydraulic system of the Upper Spat Gah Project includes the following main structures:

 Upper Spat Gah dam with reservoir,

 Upper Gabarband weir and diversion tunnel,

 Headrace tunnel,

 Powerhouse with Pelton turbine level.
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The hydraulic system of the Middle Gabarband Project consists of the following main structures:

 Middle Gabarband dam with reservoir,

 Middle Spat Gah weir and diversion tunnel,

 Headrace tunnel,

 Powerhouse with Pelton turbine level.

The hydraulic system of the Lower Spat Gah Project includes the following main structures:

 Lower Spat Gah Headworks with reservoir,

 Lower Gabarband weir and intake tunnel,

 Headrace tunnel,

 Powerhouse with Pelton turbine level.

The two upper stages of the cascade are simulated with the data given in the 2010 Feasibility
Study [3], but have not been adjusted or studied during this Feasibility Study.

10.3.2 Topographic Data

The energy model is based on the topographic data as presented in Chapter 4. The reservoir
volume-area-curves of the Upper Spat Gah, Middle Gabarband, and Lower Spat Gah as shown in
Figure 10-1 to Figure 10-3 were applied in the models.

Figure 10-1: Volume-area-curve for Upper Spat Gah reservoir

Figure 10-2: Volume-area-curve for Middle Gabarband reservoir
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Figure 10-3: Volume-area-curve for Lower Spat Gah reservoir

The Full Supply Levels (FSLs) and Minimum Operating Level (MOLs) of each reservoir are given
in Table 10-1. The levels of the Upper Spat Gah and Middle Gabarband reservoirs are according
to the 2010 Feasibility Study. The full Lower Spat Gah reservoir volume has been taken into
account for the energy simulation, disregarding any potential impacts of sediment accumulating
inside the reservoir and thus reducing the available volume for peaking as regular flushing has
been assumed. A sensitivity analysis regarding potential impacts and partial filling is
recommended for the next Project stage before entering power purchase agreement negotiations.

The relevant levels for the energy generation of the Lower Spat Gah scheme are the water levels
in the Lower Spat Gah forebay. The head losses from the desander intake to the forebay resulted
in the MOL and FSL shown at the forebay.

Table 10-1: Full Supply Level (FSL) and Minimum Operating Level (MOL) of Lower Spat Gah cascade
reservoirs

Dam Type MOL
(m asl)

FSL
(m asl)

Upper Spat Gah reservoir 2,685.00 2,735.00

Middle Gabarband reservoir 2,255.00 2,290.00

Lower Spat Gah reservoir 1,500.00 1,510.00

Lower Spat Gah forebay 1,499.29 1,509.98

10.3.3 Hydrological Data

The inflow series is based on the calculations detailed in Volume 3 – Hydrology of this Feasibility
Study. The inflow time series of the Lower Spat Gah dam is scaled from the daily observations at
Talhata and calibrated to the 2007-2009 data at Goshali. Inflows to the other dam and weir site
locations are derived based on the respective runoff. The established 54-year long inflow time
series shown in Figure 5-5 includes flow data from 1 January 1960 – 31 December 1992 and 1
January 1996 – 31 December 2016.

The mean monthly reservoir evaporation values as used in the 2010 Feasibility Study are shown
in Table 10-2 and were used in the energy simulations.
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Table 10-2: Mean monthly reservoir evaporation (from [3])

Month 1 2 3 4 5 6 7 8 9 10 11 12

Upper Spat Gah dam mm/month 0 0 0 17.3 61 112 112 94 70 31 2.5 0

Middle Gabarband dam mm/month 0 0 2.6 37 87 140 142 122 94 51 19 0

Lower Spat Gah dam mm/month 8 7 31 69 126 181 188 165 130 83 43.3 19

10.3.4 Residual Flow Release

The residual flow release in Table 10-3 at each dam/weir site consists of the environmental flow
and the irrigation release. The environmental release was calculated according to CEMAGREF with
the following formula:

𝑄𝑒 = 0.0651∗𝑄𝑚+2
100

∗ 𝑄𝑎
where:

Qe mean monthly environmental flow (m3/s)

Qm mean monthly flow at dam/weir site (m3/s)

Qa mean annual flow at dam/weir site (m3/s)

The environmental flow is calculated with the mean monthly and annual flow values at the Lower
Spat Gah Headworks and Lower Gabarband Intake as given in Chapter 5.4.3.

Irrigation flows of 0.17 m3/s and 0.056 m3/s as estimated in the ESIA (see Volume 11) have been
taken into account for the Lower Spat Gah Headworks and Lower Gabarband Intake, respectively.

Table 10-3: Residual flow release at dam/weir sites

Month 1 2 3 4 5 6 7 8 9 10 11 12

Upper Spat Gah dam m3/s 0.74 0.75 0.86 1.16 1.69 2.28 2.05 1.47 1.08 0.87 0.79 0.76

Middle Spat Gah weir m3/s 0.80 0.81 0.93 1.27 1.88 2.54 2.29 1.63 1.19 0.94 0.86 0.82

Lower Spat Gah dam m3/s 1.22 1.25 1.43 2.00 3.00 3.97 3.52 2.50 1.83 1.45 1.32 1.25

Upper Gabarband weir m3/s 0.13 0.13 0.14 0.15 0.17 0.20 0.19 0.16 0.15 0.14 0.13 0.13

Middle Gabarband dam m3/s 0.16 0.16 0.17 0.19 0.22 0.26 0.24 0.20 0.18 0.17 0.16 0.16

Lower Gabarband weir m3/s 0.23 0.23 0.24 0.26 0.30 0.33 0.32 0.28 0.25 0.24 0.23 0.23

10.3.5 Design Discharge

The design discharges of the upper two schemes of the cascade are fixed:

 Upper Spat Gah 60 m3/s

 Middle Gabarband 66 m3/s

The discharge of the Lower Spat Gah Powerhouse was determined at 75 m3/s during the
Optimisation Study.

10.3.6 Head Losses

The head losses are a result of the friction and local losses in the waterway and were calculated
as part of the Headrace Tunnel, Pressure Shaft and High Pressure Tunnel design and resulting
characteristics (Chapter 13). The head losses ΔH are given as a function of the total turbine
discharge Q and the hydraulic coefficient c = 0.003999 as follows:

∆𝐻 = 𝑐 ∙ 𝑄2
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The equation results in head losses of 22.50 m for the Power Waterway for the design discharge.
The coefficient is an average of the different losses of the three penstock sections due to its
asymmetrical shape.

10.3.7 Turbine Level

The level of the turbine axis is at 765.40 m asl. The turbine can be operated up to a tailwater
level which corresponds to a flood level at the Indus River of 761.00 m asl. This level will not be
reached in its natural state and is a provision for the construction of the Patan reservoir and
potential flood levels. The clearance of the wheel bottom to the design tailwater level is roughly
2.5 m.

The Pelton turbine levels of the upper cascade projects are 2,295.00 m asl for the Upper Spat
Gah Powerhouse and 1,515.00 m asl for the Middle Gabarband Powerhouse.

10.3.8 Mechanical Efficiency

The efficiency of the turbines has been considered variable as a function of the discharge as shown
in Figure 10-4. The efficiency curve is based on preliminary input from suppliers. An operating
range of 10-100% of the design discharge of one turbine was considered, with a maximum turbine
efficiency of 91.7%. The 10% minimum turbine discharge equals a flow of 2.5 m3/s. The overall
range for all three turbines is therefore between 3.3% and 100% of the Project design discharge
of 75 m3/s, that means between 2.5 m3/s and 75 m3/s (Figure 10-6).

The combined efficiency curve of the three equivalent Pelton turbines is based on the goal to
always achieve the maximum possible overall mechanical and electrical efficiency. The number of
turbines and flow through each turbine is regulated based on that goal. The mechanical and
electrical plant efficiency curve shown in Figure 10-5 is used for the energy calculations.

Figure 10-4: Turbine efficiencies for one unit

10.3.9 Electrical Efficiencies

The combined efficiency of the generator and transformer was assumed to be constant at 97.5%.
The efficiencies for all turbine discharges are shown in Figure 10-4 in relation to the discharge of
one turbine. Figure 10-5 shows the combined mechanical and electrical efficiencies in relation to
the plant discharge.
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Figure 10-5: Combined mechanical and electrical efficiency in relation to plant discharge (three Pelton
turbines)

10.3.10 Production Losses and Own Consumption

The production losses due to general availability of the plant (forced outages), maintenance works
(planned outages), reservoir and desander flushing and own consumption (to cover the energy
demand of the scheme and the auxiliaries) have been assumed as a percentage of the generated
power. The average figures for the losses are:

 Losses due to reservoir and desander flushing, including flood events: 2%,

 Losses due to own consumption: 1%.

As a result, these losses sum up to a net energy output of about 97.0% of net plant output.

The expected 98.5% availability due to O&M losses have not been accounted for in the energy
generation calculations as NEPRA has approved Feasibility Study projects with no O&M losses
reflected in their energy generation estimates as per the Client’s instruction.

The spillway losses are variable based on the inflow series and are calculated as part of the
hydrological conditions within the energy simulation.

Losses due to flushing have been considered for the reservoirs and desanders based on the
sediment sampling conclusions. For the desanders it was assumed that flushing is required 1 to
2 times a week, while four flushing events were considered for the Lower Spat Gah Headworks
and 8 flushing events at the Lower Gabarband Intake. Flood events can be used for reservoir
flushing and are thus included in the flushing losses.

10.3.11 Transmission Losses

The grid connection point was assumed to be at the Connection Switchyard near the Powerhouse
portals. It was therefore assumed that NTDC will procure, construct and operate the 765 kV
transmission line between the Connection Switchyard and the 765 kV Dasu - Manshera
transmission line. For the energy simulation, the losses for the 220 kV HV cable inside the Main
Access and Power Evacuation Tunnel and to the Connection Switchyard as well as the step-up
transformer at the Connection Switchyard were assumed to be part of the Project’s energy losses.
The losses in the cable and step-up transformer are estimated to 0.02% and 0.3%, respectively.

10.3.12 Overall Efficiency

The overall plant efficiency shown in Figure 10-6 includes the head losses (Chapter 10.3.6),
turbine efficiency (Chapter 10.3.8), the generator and transformer efficiency (Chapter 10.3.9),
the production losses and own consumption (Chapter 10.3.10) and the transmission losses
(Chapter 10.3.11).
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Figure 10-6: Overall plant efficiency

10.4 Reservoir Operation

The reservoir is considered to be operated with a guide curve defining target water levels. As a
first priority the model will try to meet the demand for the residual flow and compute the reservoir
releases accordingly. As a second priority the model will try to reach the target water level and
release water for power generation. If the actual reservoir water level falls below the target water
level, no additional water will be released.

The Lower Gabarband Intake has a reservoir with no real storage capacity and the water is
therefore just diverted up to the maximum tunnel capacity after trying to release the residual flow
first.

The intraday energy simulation is based on hourly time steps allowing demand-driven operation
(peaking). The simulation of the operation of the hydropower scheme applies an optimisation
algorithm where the available water will be preferable turbinated during peak hours, and only the
residual flow will be released during the remaining off-peak hours. During high-flow periods the
water will be turbinated for the whole day as the target water level can be met at any given time.
The guide curve, which defines the target water level for each end of a day and is considered the
operation rule, has been roughly optimised and is preliminary at this stage.

Peaking has been set up to allow for 2 hours of peaking in the morning and 2 hours of peaking in
the evening based on information from PEDO in the meeting of 15 April 2019, targeting 4 hours
of peaking a day as originally wished by WAPDA in the 2010 Feasibility Study.

10.5 Results

10.5.1 Overview

The results from the energy simulation are listed in Table 10-4, with the mean annual generated
energy amounting to 1,925 GWh for the stand-alone operation.

The shown mean inflow is the average annual inflow into the Lower Spat Gah reservoir and the
diverted discharge at the Lower Gabarband weir. The residual flow and spill at the Lower
Gabarband Intake have already been deducted and are not included.

The values for mean and maximum annual power include the plant losses, but do not consider
the production, flushing, own consumption or transmission losses. The values for mean total
energy do however take all the losses in the system into account and represent the values which
could be measured at the Connection Switchyard near the Powerhouse portal area. The load factor
is the ratio between the actual energy generated by the plant to the maximum possible energy
that could be generated if the plant operated at its design discharge for the duration of an entire
year.
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With the given inflow and residual flow curves the Lower Spat Gah Project will be able to generate
at least 71 MW during the 4 hour peaking period in the day with the lowest flow of the 54-year
inflow series.

Table 10-4: Summary of main results with 54-year average annual energy generation

Stand-alone
Operation

Cascade
OperationFlows (m³/s)

Mean inflow Lower Spat Gah Headworks and Lower Gabarband
diversion 46.1 43.0

Mean turbine discharge 35.8 36.1

Mean residual flow at Lower Spat Gah Headworks 2.1 2.1

Mean spillway losses at Lower Spat Gah Headworks 8.2 4.9

Power (MW)

Mean power (after transformer) 227 228

Max power (after transformer) 466 466

Load factor 49% 49%

Energy (GWh/yr)

Mean total annual energy (at grid connection substation) 1,925 1,931

The total estimated average monthly inflows into the reservoir (from Figure 5-6) will be released
as residual flow, used for power generation and the rest discharged over the spillway as listed in
Table 10-5 and shown in Figure 10-7.

It can be noted that spillway losses mainly occur during the high-flow season when the inflow
exceeds the plant design discharge, while all the inflow during the low-flow season minus the
residual flow is used for power generation.

The mean monthly values given are for the stand-alone operation because it is assumed that the
Lower Spat Gah Project will be operated without the upper schemes in at least the first phase of
the concession period.
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Table 10-5: Mean monthly inflows (at Lower Spat Gah Headworks and Lower Gabarband diversion) and
turbine discharges for stand-alone operation

Month

Mean Inflow into Lower
Spat Gah Headworks and
from Lower Gabarband

Diversion
(m3/s)

Mean Residual
Flow at Lower

Spat Gah
Headworks

(m3/s)

Mean
Turbine

Discharge
(m3/s)

Mean Spillway
Losses at Lower

Spat Gah
Headworks

(m3/s)

January 10.4 1.2 9.2 0.0

February 11.4 1.2 10.2 0.0

March 19.5 1.4 18.1 0.0

April 44.2 2.0 41.8 0.4

May 83.8 3.0 67.4 13.4

June 122.2 4.0 73.9 44.3

July 106.1 3.5 70.9 31.7

August 66.3 2.5 59.0 4.8

September 37.8 1.8 34.4 1.6

October 20.9 1.5 19.2 0.2

November 14.8 1.3 13.5 0.0

December 11.8 1.3 10.6 0.0

Figure 10-7: Mean monthly inflow at Lower Spat Gah Headworks plus Lower Gabarband diversion, turbine
discharge and spillway discharge at Lower Spat Gah headworks for 54-year simulation period

The difference of the cascade operation is a slightly more even distribution of the turbine discharge
over the year as well as smaller spillway losses at the Lower Spat Gah Headworks as shown in
Figure 10-8. The average inflow into the Lower Spat Gah Headworks and the diversion from the
Lower Gabarband Intake is higher for the stand-alone operation compared to the cascade
operation (see Table 10-5). The mean spillway losses at the Lower Spat Gah Headworks are also
higher for the stand-alone operation compared to the cascade operation (Table 10-5 and Figure
10-8). The resulting average turbine discharge is only slightly lower for the stand-alone operation
compared to the cascade operation.
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Figure 10-8: Mean monthly turbine discharge and residual flow for stand-alone vs cascade operation

The distribution of the annual energy over the year follows the average inflow and is listed per
month in Table 10-6 and shown in Figure 10-9. The mean monthly revenues in Table 10-6 are
calculated with the energy tariff of 9.88 USc/kWh and 5.31 USc/kWh for years 1-12 and 13-30,
respectively as resulting from the financial analysis.

Table 10-6: Mean monthly power, energy generation and revenues for stand-alone scheme

Month
Mean Monthly Power
(after transformer)

(MW)

Mean Monthly Energy
Generation (at Connection

Switchyard)
(GWh)

Mean Monthly Revenues
(million USD)

Year 1-12 Year 13-30

January 57.9 42 4.1 2.2

February 64.5 42 4.2 2.2

March 115.0 83 8.2 4.4

April 265.0 185 18.2 9.8

May 427.0 307 30.3 16.3

June 468.5 326 32.2 17.3

July 449.2 323 31.9 17.2

August 374.2 269 26.6 14.3

September 218.7 152 15.0 8.1

October 122.3 88 8.7 4.7

November 86.0 60 5.9 3.2

December 67.0 48 4.8 2.6

Total - 1,925 190.1 102.3
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Figure 10-9: Mean monthly energy generation

10.5.2 Peaking

Two hours of peaking in the morning and evening have been assumed for the energy generation
in the energy model without any restrictions regarding annual peaking availability. This results in
the highest possible peaking energy which can be generated. As can be seen in Table 10-7 the
potential total peaking energy to be generated is 537 GWh/yr for the stand-alone operation and
652 GWh/yr for the cascade operation.

A 90% annual peaking availability criterion was applied to back-calculate the peaking design
discharge. The criterion means that 90% of the maximum possible annual peaking energy at a
specified peaking discharge needs to be generated. Lowering the peaking discharge means that
this discharge can be reached more often and that the availability increases. The results of the
energy simulations were processed to determine the peaking output and the corresponding
peaking design discharge with a 90% peaking availability and are shown in Table 10-7. The annual
distribution of the peaking energy is shown in Figure 10-10.

If the Lower Spat Gah Project is operated within the Spat Gah cascade then the Project design
discharge of 75 m3/s is also the peaking design discharge due to the storage of inflows in the
upper reservoirs during the high-flow season and release during the low-flow season. The
generated peaking energy results to 652 GWh/yr and the peaking availability is 98.9%.

If the Lower Spat Gah Project is operated as a stand-alone scheme then the peaking design
discharge is 65.5 m3/s to guarantee a 90% availability. The generated peaking energy amounts
to 518 GWh/yr.

The results of the peaking may be on the optimistic side as the full reservoir volume has been
taken into account for the energy simulations, not considering any potential storage losses due
to sediment accumulation if flushing is not carried out regularly. Further studies including a
sensitivity analysis are therefore recommended for the next Project stage before discussing any
peaking values as part of power purchase agreement negotiations. It is also an opportunity to
adjust the operating pattern to pure run-of-river as outlined in Chapter 8.2.
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Table 10-7: Peaking energy total vs 90% availability criterion

Average Annual Peaking Energy Generation
(GWh/yr)

Stand-alone Cascade

Potential total 537 652

With 90% availability criterion
(corresponding peaking design discharge)

518
(65.5 m3/s)

652
(75 m3/s)

Figure 10-10: Mean monthly peaking energy generation
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11 Civil Design - Lower Spat Gah Headworks

Corresponding Drawings

LSG-FS-060-001 Lower Spat Gah Headworks, General Arrangement, Overview Plan

LSG-FS-060-002 Lower Spat Gah Headworks, General Arrangement, Plan View

LSG-FS-060-003 Lower Spat Gah Headworks, Rockfill Dam, Typical Sections & Detail 1

LSG-FS-060-004 Lower Spat Gah Headworks, Spillway & Flushing Channels, Section A-A

LSG-FS-060-005 Lower Spat Gah Headworks, Spillway & Flushing Channels, Section B-B

LSG-FS-060-006 Lower Spat Gah Headworks, Desander, Section C-C

LSG-FS-060-007 Lower Spat Gah Headworks, General Arrangement, Section 1-1

LSG-FS-060-008 Lower Spat Gah Headworks, Weir & Desander, Sections 2-2 & 3-3

LSG-FS-060-009 Lower Spat Gah Headworks, Forebay & Headrace Tunnel Intake, Sections
3a-3a to 6-6

LSG-FS-060-010 Lower Spat Gah Headworks, Excavation, Plan View

LSG-FS-060-011 Lower Spat Gah Headworks, Excavation, Sections E1-E1 & E2-E2

LSG-FS-060-012 Lower Spat Gah Headworks, Excavation, Section E3-E3

LSG-FS-060-013 Lower Spat Gah Headworks, General Arrangement, Construction Phasing -
Sheet 1/3

LSG-FS-060-014 Lower Spat Gah Headworks, General Arrangement, Construction Phasing -
Sheet 2/3

LSG-FS-060-015 Lower Spat Gah Headworks, General Arrangement, Construction Phasing -
Sheet 3/3

11.1 Introduction

This chapter gives a description of the civil structures of the Lower Spat Gah Headworks and their
design, including the dam, flushing channels, desander intake and desander. More detailed design
criteria and comprehensive calculations performed as basis for the Feasibility Study design are
compiled in Volume 7 – Project Design.

11.2 Reservoir Characteristics

The Lower Spat Gah Headworks generates a small reservoir on the Spat Gah River. The reservoir
volume-area-curves in Figure 10-3 have been developed from the available topographic data.
Table 11-1 lists the general characteristics of the reservoir.

Table 11-1: Main characteristics of Lower Spat Gah reservoir

Reservoir

Full Supply Level (FSL) 1,510.00 m asl

Minimum Operating Level (MOL) 1,500.00 m asl
Reservoir volume

at FSL
at MOL

0.41 million m3

0.10 million m3

Active storage volume 0.31 million m3

Surface area
at FSL
at MOL

0.044 km2

0.018 km2

Backwater length at FSL 0.2 km
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11.3 Hydraulic Design Dam

11.3.1 Introduction

This chapter describes the layout planning and design of the Lower Spat Gah Headworks. The
concept for river diversion during construction is also discussed. This hydraulic design chapter
contains the design description and the hydraulic design.

11.3.2 General Layout

The storage and flow diverting Lower Spat Gah Headworks comprises a rockfill dam, three gated
flushing channels also acting as spillway, and an intake diverting flow to the Power Waterway.
The flushing channels shall also be capable of sediment flushing.

During the construction period, the river shall be diverted through the main river channel
(construction Stage 1) and the flushing channels (construction Stage 2). The whole dam structure
will be partly founded on rock and partly on a thick alluvium layer.

Table 11-2 lists the general characteristics of the Lower Spat Gah Headworks.

Table 11-2: Main characteristics of Lower Spat Gah Headworks

Reservoir

Full Supply Level (FSL) 1,510.00 m asl

Minimum Operating Level (MOL) 1,500.00 m asl

Water level – design flood (1,000-year) 1,498.98 m asl

Water level – check flood (10,000-year) 1,503.46 m asl
Water level – safety floods (10,000-year,
n-1 / PMF) 1,510.74 / 1,507.90 m asl

Clay Core Rockfill Dam

Location Left bank

Top of parapet wall 1,513.20 m asl

Crest elevation 1,512.00 m asl

Foundation elevation 1,478.20 m asl

Crest length 124.4 m

Flushing Channels

Location Main river channel

Sill crest elevation 1,488.00 m asl

Type of gate Radial gates with flap gate on gate No. 3

Gate dimensions (WxH) 9.50 m x 23.71 m

Top of parapet wall 1,514.20 m asl

Crest elevation 1,513.00 m asl

Foundation elevation 1,474.00 m asl

Crest length 43.0 m
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11.3.3 Main Design Criteria

11.3.3.1 Basic Data

Floods

The flood peak discharges at the Lower Spat Gah Headworks site on the Spat Gah River are given
in Table 5-6. The low-flow season in the Project area has been assumed from October to March.

Topography

The survey information given as summarised in Chapter 3 and presented in more detail in
Volume 2 – Topography was used.

Geology

The Lower Spat Gah Headworks site is mainly located on top of deep coarse-grained river
sediments and slope wash while the bedrock is mainly amphibolite as described in Chapter 6 and
further documented in Volume 4 – Geology.

11.3.3.2 Hydraulic Design Criteria

The main requirements of the Lower Spat Gah Headworks are to provide the means to store water
and to divert water to the Power Waterway.

The Lower Spat Gah Headworks will consist of a dam, flushing channels and desander. The whole
Lower Spat Gah Headworks structure shall mainly be founded on sediments.

The following load cases for the hydraulic design of the flushing channel are defined:

 Design flood: 1,000-year flood,

 Check flood: 10,000-year flood,

 Safety flood: Check flood with one flushing channel gate not operational (n-1 rule) or
PMF (flushing channel gate open); whichever represents the more critical
condition.

The flushing channels will also be used to periodically clear the bed load and debris from the front
of the desander intake and to act as a river bypass during construction.

The Lower Spat Gah Headworks height is determined based on topographic, hydraulics (flushing
channel capacity and FSL) and freeboard requirements. The Full Supply Level (FSL) of
1,510.00 m asl has been set by the upstream scheme boundary condition.

The flushing channel capacity is determined using standard broad crest discharge relationships
and appropriate discharge coefficients.

Minimum freeboards of 0.26 m and 1.26 m to the dam core crest and dam crest respectively have
been checked to be available for the critical safety flood event. A minimum freeboard of 1 m from
the water level below the bridge to the underside of the concrete bridge has been also checked
to be available in case large floating trees are transported for the critical safety flood event.

The criterion for the flushing channels’ length is set such to protect the dam body downstream
slope and toe from regressive erosion during flushing channels operation

A variable flow ranging from 1.2 to 4.0 m3/s is released as residual flow through a valve-controlled
by-pass, which is installed in the right most flushing channel pier next to the desander, and
discharges into the concrete flushing channel downstream of the gate.

11.3.3.3 Diversion during Construction Criteria

The Lower Spat Gah Headworks structure will be constructed in two main phases. The initial
construction works in the river bed as well as the placing of the cofferdams will be carried out
during the low-flow seasons.

According to the USBR (1990) criterion, the flood should generally be approximately five times
the duration of the construction period. With a construction duration of about two years for each
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stage, this criterion gives a 10-year flood. The construction pits shall therefore be designed to be
safe against floods up to a 10-year return period.

During construction stage 1, structures at the right bank, i.e. the flushing channels No. 2 and 3,
desander intake and desander shall be constructed while the river is being diverted within the
natural main river bed. The construction site will be protected by the intermediate pier between
the flushing channels No. 1 and 2 as well as upstream and downstream cofferdams.

During construction stage 2, which comprises completion of the flushing channel No. 1 and the
dam, the river will be diverted through the two completed flushing channels at the right river
bank.

11.3.4 Hydraulic Design

11.3.4.1 General

The main requirements of the Lower Spat Gah Headworks are to provide means to store water in
the reservoir and to divert water to the Power Waterway. In particular, the following requirements
have to be met by the Lower Spat Gah Headworks:

 Enable a certain water level at the desander intake to catch the river flows up to the
design discharge,

 Allow flushing of sediments in front of the desander intake,

 Passing of floods, and avoid blockage due to floating tree branches and logs during floods,

 Ensure a residual flow in the Spat Gah River downstream of the Lower Spat Gah
Headworks site during all hydrological conditions.

11.3.4.2 Outline Design

The flushing channels are a gated concrete structure consisting of three bays with an overall
length of about 92 m and a crest length of 43.0 m (including the flushing channel bays, piers and
side walls) and a maximum height of 39 m (measured from the deepest foundation level to the
dam crest top level excluding the parapet wall).

Each flushing channel includes a 9.50 m wide and 23.71 m high radial gate with the gate sill level
at 1,487.09 m asl. The radial gate in the right most bay No. 3 includes a flap gate mounted on
top of the radial gate.

The flushing channels are designed with a steep slope invert to allow for easy and effective release
of the sediment. The invert inclination of the flushing channels is 10%, which is very similar to
the inclination of Spat Gah River in its current (natural) conditions. The flushing channel bay width
has been selected to provide enough room for safe passage of large floating tree logs.

The gates are capable of maintaining a constant headwater level at or below the FSL for any flood
condition if all gates are operational. During the 10,000-yr flood the water level increases 0.74 m
above the FSL if one gate is not operational.

The flushing channel radial gate hydraulic cylinder mounting positions have been designed and
placed to keep the respective positions out of the discharging flows for any flood condition.

Stoplog grooves and stoplogs are provided upstream of the flushing channel radial gates. Stoplogs
are technically not needed on the downstream side of the flushing channel radial gates due to the
low water levels. However, stoplog slots and one optional stoplog element are foreseen
downstream to increase the safety during maintenance works in case the downstream tailwater
level is affected during operation and higher water levels may be expected. The stoplogs will be
placed with the gantry crane.

The flushing channels provide a number of important functions: (a) stage 2 construction diversion
water passage, (b) flood control incorporation, (c) maintain the intake free of bed load and debris,
(d) allow sediment and debris flushing from the reservoir to maintain its storage and (e) release
excess flows during normal operation between the MOL and FSL as well as during floods.
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The flushing channel radial gate No. 3 nearest to the desander intake is of the hybrid type, having
a small flap gate mounted on the top of the gate leaf. The flap gate will be used to release the
excess flows during normal operation at FSL. The flap gate will also assist in passing floating
debris.

The intermediate pier between the flushing channels No. 1 and 2 and the overflow sections is
continued towards upstream and downstream as this pier will be used as a retaining structure for
the upstream and downstream cofferdams during the construction phases. The intermediate pier
between flushing channels No. 2 and 3 has also been extended towards upstream to improve the
sediment flushing efficiency of the flushing channel and better guide the flow towards the flushing
channel No. 3.

11.3.4.3 Hydraulic Design

The flushing channel has been designed to safely pass a design flood of 1,622 m3/s, equivalent
to a 1,000-year flood event, and was checked for a 10,000-year flood of 2,595 m3/s as well as
for the safety floods for a PMF of 3,625 m3/s and 10,000-year flood of 2,595 m3/s with the n-1
criterion without any dam overtopping.

The flushing channel capacity is not affected by the downstream tailwaters due to the steep slope
of the river and accordingly low tailwater levels.

With the flushing channel gates fully open, discharge through the flushing channel gates will be
free-surface flow with critical depth formed at the sloped channel inlet. For the operation of the
flushing channels with the gates fully open, the estimated headwater levels for the 1,000-year
(design) flood (1,622 m3/s) and the 10,000-year check flood (2,595 m3/s) will be at elevations
1,498.98 m asl and 1,503.46 m asl, respectively. The headwater levels for the PMF (3,625 m3/s)
will be at elevation 1,507.90 m asl. With one flushing channel gate closed (n-1 criterion), the
headwater level for the 10,000-year flood will reach the elevation of 1,510.74 m asl.

In order for the water level in the reservoir to reach the dam core crest or the dam crest in a PMF
event with no wind, the inflow would have to be around 4,360 m3/s or 4,600 m3/s, respectively.
This corresponds to factors of 1.68 and 1.77 to the 10,000-year flood which is considered highly
unlikely.

The rating curve for the operation of the flushing channels with all gates fully open is shown in
Figure 11-1.

To clean up the desander intake area from sediment and flush accumulated sediment from the
river in general, the flushing channels need to be operated multiple times a year during the high-
flow season floods depending on the volume to be flushed out during a flushing event. The flushing
channels are however planned to be operated more often than that in order to regulate the
reservoir water level for small floods.
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Figure 11-1: Headwater rating curves for operations of flushing channels (radial gates fully open)

The criterion for the flushing channels’ length is set such to protect the dam body downstream
slope and toe. As there is naturally a super-critical flow regime in the river, no hydraulic jump
shall take place inside the flushing channel. Downstream protection including rip-rap and concrete
slab is provided to prevent scouring of the riverbed materials downstream of the dam and flushing
channels.

With the proposed flushing channel design, the sediment shall be transported to the downstream
river reach during annual floods.

11.3.4.4 Design Floods and Freeboard

As mentioned in Chapter 11.3.3.2, the design of the flushing channels is carried out for the
following load cases:

1) Design flood, which corresponds to the 1,000-year flood with all flushing gates fully open
(3 gates),

2) Check flood, which corresponds to the 10,000-year flood with all flushing gates fully open
(3 gates),

3) Safety flood, which corresponds to the 10,000-year flood with one flushing gate closed
(n-1 criterion) or PMF (all flushing channel gates open); whichever represents the more
critical condition.

The defined load cases lead to the following headwater levels in the reservoir if the gates are fully
open:

 Design flood (HQ1,000, n): 1,498.98 m asl

 Check flood (HQ10,000, n) 1,503.46 m asl

 Safety flood I (HQ10,000, n-1) 1,510.74 m asl

 Safety flood II (PMF, n) 1,507.90 m asl

As shown above, the 10,000-year flood with one flushing channel gate closed results in the more
critical headwater level than the PMF and therefore it will be selected as the safety flood.
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Generally, an adequate freeboard represents an adequate safety margin during severe floods.
The freeboard is provided to meet the following criteria from Minor’s Design of spillways for large
dams:

a. Design flood 1/1,000 years:
For (n-1) gates open if gated spillway; Wind velocity 1/100 year; Dry margin between the
water level plus waves and run-up and the top of the dam must be fd ≥ 2.00 m.

b. 1/10,000 years flood:
For all gates open and a wind velocity 1/10 year the water level plus waves and run-up
may reach the top of the dam, but waves are not allowed to splash across the top of the
dam. The water level without waves and run-up must not be higher than the top of the
core.

c. PMF:
With all gates open and no wind the water level may reach the top of the dam, but it must
be not higher than 1 m above the core.

d. Safety flood I:
As an additional load case, the safety flood I (with one gate closed) and no wind is checked
so that the water level may reach the top of the dam, but it must be not higher than 1 m
above the core.

As there is no wind data available, conservatively wind velocities of 50 miles/h (22.4 m/s) and
160 miles/h (71.5 m/s) respectively are assumed as 1/10 and 1/100-year wind velocities as
recommended by USBR. The reservoir effective fetch is calculated based on standard procedure
and estimated around 200 m.

A freeboard of 0.26 m to the dam core crest and 1.26 m to the dam crest has been provided for
the safety flood I (10,000-year with n-1) condition. With the dam core crest level at 1,511 m asl,
freeboards of 6.48 m, 5.76 m, 0.26 m and 3.10 m will be available to the clay core crest during
the design, check, safety flood I and PMF events, respectively (Table 11-3).

The freeboard to the flushing channel crest (1,513.00 m asl) is higher by 1.0 m and thus also
fulfils the freeboard requirements.

Table 11-3: Available freeboard during flood events

Freeboard Reference
Flood Freeboard Event

Design Flood
(1,000-year, n-1)

Check Flood
(10,000-year)

Safety Flood I
(10,000-year, n-1)

Safety Flood
II (PMF)

Available freeboard to
dam crest (m) 7.48 6.76 1.26 4.10

Available freeboard to
dam core crest (m) 6.48 5.76 0.26 3.10

11.3.4.5 Residual Flow Outlet

The residual flow requirements at the Lower Spat Gah Headworks resulted to 1.2 to 4.0 m3/s and
consists of the environmental flow and irrigation flow. For the design it has been assumed that
the irrigation flow will also be released downstream through the residual flow outlet.

The residual flow is released through a pipe of 0.80 m diameter embedded in the right most
flushing channel pier. A gate valve (0.80 m diameter) is provided to control the discharge at
various operating levels. The arrangement is designed to release 4.0 m3/s at 100% valve opening
when the headwater level is at the MOL. For operation at headwater levels between the FSL and
the MOL, the residual flow valve opening will be adjusted through automatic control from SCADA.

The residual flow pipe discharges will be arranged into the flushing channel bay No. 3 comprising
of high-strength concrete.



Feasibility Study
Volume 1: Main Report

Page 122

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

11.3.5 Tailwater Rating Curve

The Spat Gah River water surface profile analysis has been carried out using the 1D HEC-RAS
model developed by USACE. The river Manning’s roughness coefficients were estimated utilising
well-known hydraulic references such as Chow’s Open Channel Hydraulics (1959).

The model geometry is based on the detailed topography from the 2010 Feasibility Study. The
Lower Spat Gah Headworks tailwater levels for different discharges are shown in Figure 11-2.

Figure 11-2: Lower Spat Gah Headworks tailwater levels

11.4 Hydraulic Design Desander

11.4.1 Introduction

This chapter present the hydraulic design of the Lower Spat Gah desander including the desander
intake and the desander flushing channel. The design of the forebay and power intake downstream
of the desander end sill is presented in the chapter of the Power Waterway (Chapter 13).

This chapter only presents the design particular to the desander and is to be read in conjunction
with other civil design chapters such as for the dam and Power Waterway and the Volume 7 –
Project Design providing more detailed information about the way the structure has been
hydraulically designed.

11.4.2 General Layout

The layout of the desander consists of an intake section and desander itself. The intake conveys
the water from the reservoir to the desander. At the downstream end of the desander, the water
flows through an end opening section into the forebay of the power intake while sediments will
remain at the bottom of the desander basins, to be flushed back into the river through the flushing
channels. The desander is designed with six basins and intake channels, and an intake for each
pair of basins.

Table 11-4 lists the general characteristics of the intake and desander.
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Table 11-4: Main characteristics of Lower Spat Gah desander intake and basins

Discharge

Design discharge Qd 75.0 m3/s

Intake

Type Lateral

Inlet sill level 1,497.80 m asl

Inlet size (W x H) Three 14.10 m x 6.60 m

Intake Channel

Width 7.00 m (u/s branches) / 3.50 m (d/s branches)

Water depth at FSL & Qd 12.2 m

Length calming section upstream basins Minimum 17.50 m

Invert upstream of basins 1,497.60 m asl

Transition Zone

Length 25.00 m

Vertical and lateral slope 1:5 (V:H) or less steep

Calming racks Three rows for each basin

Desander Basins

Number 6

Design grain size 0.3 mm

Length 110 m

Dimensions (W x H) at beginning at FSL 13.7 m x 17.4 m

Flushing channel width 1.30 m

Flushing channel slope 3%

Flushing gate Sluice

Desander End Sill

Type Broad-crested with gates on top

Crest level 1,498.25 m asl

11.4.3 Design Criteria

The design grain size for the desander basin design shall be 0.3 mm (see Chapter 8.3.1).

The functional design criteria of the desander are as follows:

1. A trash rack shall be foreseen at the intake to prevent any floating debris from entering
it. A concept for the removal of material from the trash rack in case of clogging is to be
foreseen.

2. The desander shall be operational at both the MOL and FSL reservoir levels at the
Powerhouse total design discharge (75 m3/s)

3. The desander shall be designed so that each twin basins can be flushed independently
while allowing for continuous operation of the power plant at proportionally reduced plant
discharges.

4. The desander shall be able to operate and flush sediment back into the river for any flood
condition.
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11.4.4 Design

11.4.4.1 General

The purpose of the desander is to remove sediment particles with a diameter of d = 0.3 mm or
more from the water before it is conveyed to the forebay and the subsequent waterway in order
to avoid deposition in the waterway and abrasion of the turbines.

The desander is designed with six basins, three intakes and three intake channels bifurcated to
six individual ones. The design discharge of the desander system equals the total Powerhouse
discharge of 75 m3/s. The selected number of basins during the Feasibility Study is based on
several factors such as the number of gates and operational complexity as well as engineering
judgement (Chapter 11.4.3).

An overflow section is foreseen at the forebay to return the flow entering the desander after a
load trip while the intake gates are closing. The crest level of the spillway is at 1,510.10 m asl
with a crest width of 21.00 m.

11.4.4.2 Intake

The intake to the desander is located next to the sediment flushing channels of the dam on the
right river bank and is designed to divert the water into the waterway with as little coarse sediment
as possible. The pier between the flushing channels No. 2 and No. 3 improves the flow conditions
towards the intake and helps to maintain the approach section free of sediment.

In order to not entrain sediment which settled upstream of the flushing channel radial gates, the
invert of the intake is at an elevation of 1,497.80 m asl, which is about 11 m above the river. The
sediment entry into the desander is therefore expected to be reduced because of the elevated
intake.

The intake dimensions were determined with the recommended maximum velocity at the trash
racks of less than 1 m/s at the MOL and design discharge, which is also suitable to reduce the
entrainment of fine gravel by turbulence. Three intakes are foreseen, and a width of 14.10 m and
a height of 6.60 m per intake fulfil this criterion.

The flow area downstream of the intake is gradually reduced to the size of the intake channel to
increase the flow velocity. After the contraction, a fixed-wheel gate will be provided for each
intake. The gates have the following functions:

 Revision of desander and Power Waterway: If the desander or Power Waterway need to
be emptied for a revision, the gates can be closed,

 Flushing of desander basin: The gates will be operated during flushing of the basins,

 Emergency closure device to cut off the flowing water flow into the desander.

Just upstream of each gate will be a slot for stoplogs. They will be manually lowered into the slot
for revisions of the gate or if the gate cannot be closed.

11.4.4.3 Intake Channels

Three intake channels are foreseen between the intake and the bifurcations. The six channels
between the bifurcations and transition zones at the beginning of the desander basins have a
length of at least five times of the channel width (17.50 m) in the straight reach downstream of
the bend. The purpose of the channels is to guide the flow to the desander basins in a uniform
flow with no turbulences.

The velocity in the intake channels is such that sediment deposition is avoided. The minimum
velocity is determined with the Zanke criterion to prevent a deposition of sediments.

For hydraulic stability reasons the Froude number along the channels is kept below 0.45 while
operating at MOL and design flow condition.
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11.4.4.4 Transition Zone

The purpose of the transition zone at the beginning of the desander is the adjustment from the
intake channel to the basin cross section.

For the proper operation of the desander the flows have to be calmed and uniformed as much as
possible and the installation of three calming racks is therefore foreseen in the transition zone.

11.4.4.5 Desander Basins

The desander system is designed to remove particles with a diameter of 0.3 mm and larger for
the diversion design discharge of 75 m3/s (12.5 m3/s per desander basin). In order to avoid re-
suspension of the settled particles, the flow velocity in the desander basins should not exceed the
critical velocity vcr of the design particle.

The desander cross sectional area has to fulfil the requirements for the MOL and full Powerhouse
operating condition, while the length of basins has to be checked against the FSL and full
Powerhouse operating condition.

To avoid the re-suspension of a particle with a diameter of 0.3 mm according to Zanke, the critical
velocity vcr is 0.19 m/s.

The geometric ratio of the basins is designed to avoid irregular flow patterns. The flow velocity
criterion is fulfilled with a selected width of each basin of 13.7 m and an water depth of 7.1 m at
the start of the desander basin, while operating at MOL and full powerhouse design flow condition.
The calculated flow velocity in each basin equals to 0.188 m/s and thus fulfils the critical velocity
vcr = 0.19 m/s for the mentioned operational condition.

The length of the desander basins results from the classic sand trap design approach: A particle
with the design grain size entering the desander basin at the FSL or MOL water surface shall sink
to the basin’s bottom while travelling through the basin, considering a constant sinking velocity
over the basin length. The resulting lengths of the desander are 27 m for the FSL and 43 m for
the MOL. However, to fulfil the L ≥ 8 * width criterion, the desander length results in 110 m.

11.4.4.6 Desander End Opening Section

At the downstream end of the desander is an opening to convey the water into the forebay of the
Headrace Tunnel intake. The opening is foreseen to minimise the gate section which is necessary
to isolate each twin-basin during desander flushing operations while the other basins could supply
flow to the Headrace Tunnel intake. These gates shall prevent the backflow and re-suspension of
the sediment accumulated at the basins inverts which are considered to be flushed.

The invert elevation of the openings is at 1,498.25 m asl. The openings have dimensions of 5.10 m
width and 6.15 m height.

11.4.4.7 Flushing Channel

A flushing channel is located at the bottom of each basin. A sliding gate is located at the
downstream end, after which the channel conveys the sediment back to the river. The wetted
surfaces will be specially treated as a protection against abrasion.

The elevation of the flushing channel invert at the gates is at 1,489.30 m asl, which allows the
operation of the flushing channel during all flood conditions.

11.4.4.8 Water Level from Intake to End Sill

The water level from the forebay up to the intake was determined taking friction and local losses
into account. The friction losses were calculated with the equation from Manning.

The results of the water level surface calculations for the design discharge conditions along
Channel 1 are compiled in Volume 7 – Project Design, Annex 1.4. The losses along different
channels differ slightly because of the different intake channel lengths and bends.
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11.4.4.9 Forebay Overflow Section

An overflow section is foreseen at the forebay to return the flow entering the desander back into
the river after a load trip while the intake gates are closing. The crest level of the spillway is
foreseen at 1,510.10 m asl with crest length of 21.0 m.

11.4.4.10 Flushing of Desander Basins

While two basins are flushing, the other four basins remain in operation. The discharge into the
power intake will then be equal to two thirds of the available capacity.

For the flushing of two adjoining desander basin the end opening gates of those basins have to
be closed.

11.5 Concept of River Diversion during Construction

11.5.1 General

Water needs to be diverted during construction to allow the Lower Spat Gah Headworks to be
built in dry conditions. The construction stages are typically timed to suit prevailing hydrological
conditions and minimise the risk of overtopping partially completed works. The purpose of the
Lower Spat Gah Headworks construction diversion concept discussed in this section is not to
describe how the construction is to be carried out. However, the purpose is to demonstrate that
the construction diversion is feasible and to recommend reasonable diversion floods and
associated cofferdams elevations that are typically acceptable to investors and insurers

As explained in Volume 3 – Hydrology of this Feasibility Study, the high-flow season takes place
during the April to September months with the highest discharges between May and July.

A two-stage construction procedure is proposed for the Lower Spat Gah Headworks. The proposed
diversion concept is illustrated in Figure 11-3 and is further discussed in the following sections.

11.5.2 Diversion Stages

After some initial works, the construction of the Lower Spat Gah Headworks is done during two
main construction stages as follows:

 Initial works: Excavation of the right bank and Headrace Tunnel intake,

 Stage 1: Construction of the flushing channels No. 2 and 3, desander intake and desander,

 Stage 2: Construction of the flushing channel No. 1 and the clay core rockfill dam.

Prior to the river diversion, the intermediate pier separating the flushing channels No. 1 and No.
2 is constructed. The construction of this intermediate pier should be started in the beginning of
the first low-flow season (October to March).

Stage 1 works will be carried out along the right bank and the river will be allowed to follow its
natural course at the dam site, i.e. along the main channel and left bank. The Stage 2 works will
be carried out at the river main channel and the left bank, and the river will be diverted to flow
through the flushing channels No. 2 and 3 constructed in Stage 1.
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Figure 11-3: Lower Spat Gah Headworks river diversion concept
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11.5.3 Initial Works

After construction of the access road, bridge and site installations, the excavation of the right
bank around the Headrace Tunnel intake as well as the excavation and construction of the
Headrace Tunnel portal are proposed to be carried out.

11.5.4 Construction Stage 1

During the Stage 1 diversion, construction of the structures on the right bank which includes the
flushing channels No. 2 and 3, the desander intake, and the desander will be constructed. This
construction pit will be protected by short and low upstream and downstream cofferdams. The
cofferdams are foreseen with one end banked up against the intermediate pier and the other end
closed against the right bank.

During the very beginning of the low-flow season when large floods are not expected, the
intermediate pier between flushing channels No. 1 and 2 with the sealing element below the
foundation level can be built.

Therefore the works can be executed with a low in situ designed river water protection. The main
work safety element is proposed to be a simple flood warning system. At this phase, the
construction pit can be quickly evacuated in case of a flood and potential damages would be very
low.

The downstream channels of the flushing channels No. 2 and 3 need to be excavated at the final
stage of the flushing channel construction procedure.

The intermediate pier will inevitably narrow the natural river and reduce to some extent its
discharge capacity. To evaluate the river capacity reduction, the Stage 1 diversion was modelled
by HEC-RAS. Figure 11-4 shows the river water levels for floods along the intermediate pier while
the right bank construction works are in progress. The outline of the proposed Stage 1 cofferdam
is shown in Figure 11-3.

With upstream and downstream cofferdams with crest levels of 1,490.50 m asl and
1,482.10 m asl respectively, as shown in Figure 11-3, the Stage 1 diversion cofferdams provide
protection for up to a 494 m3/s flood (equivalent to 10-year flood) with about 1 m freeboard. As
the Stage 1 construction is estimated to take approximately 2 years, the risk of flooding during
the Stage 1 is low and deemed acceptable.

The access to the construction pit shall be via the site main access road which is arranged from
downstream on the left bank with a bridge.

Figure 11-4: Discharge rating curve along intermediate pier for construction stage 1
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11.5.5 Construction Stage 2

Once the Stage 1 construction is completed, the Stage 1 cofferdams will be removed at the
beginning of the third low-flow season. The river will be diverted through the completed flushing
channels No. 2 and No. 3 by constructing the Stage 2 cofferdams during the third low-flow season.
During Stage 2 the flushing channel No. 1 and the clay core rockfill dam will be constructed.

The flushing channel capacity curve for floods during construction Stage 2 is presented in Figure
11-5.

A crest level of 1,495.50 m asl and 1,482.10 m asl have been proposed for the Stage 2 upstream
and cofferdams respectively. The discharge capacity of the Stage 2 diversion would be 494 m3/s
(equivalent to 10-year flood) with 1 m freeboard to the proposed upstream cofferdam crest. With
this configuration, the risk of the Stage 2 cofferdam overtopping during a single high-flow season
would be very low and is deemed acceptable.

The construction of the flushing channel No. 1 and the dam can be scheduled and completed
within about 1.5 years depending on the progress rate and work stops for the dam due to rain or
freezing temperatures.

The outline of the proposed Stage 2 cofferdams is shown in Figure 11-3.

Figure 11-5: Discharge rating curve along intermediate pier for construction stage 2

11.5.6 Cofferdams Design

Figure 11-6 shows a typical cross section of the embankment cofferdams. Due to the expected
high alluvial overburden on site and the heterogeneous river deposits the cofferdams need to be
placed upstream and downstream of the excavation pit in a manner that only limited seepage
occurs in the pit. The need of a sealing element in the alluvial deposit is conservatively foreseen
at the Feasibility Study stage for all cofferdams and will have to be concluded based on numerical
seepage calculations during the Detailed Design phase of the Project.

The upstream cofferdam during diversion Stage 2 may require an upstream clay blanketing to
reduce the hydraulic gradients and seepages during cut-off wall works that is conservatively
foreseen at the Feasibility Study stage. The same applies to the downstream cofferdam with a
possible downstream clay blanketing. The thickness and the depth of such sealing system will
have to be optimised during the Detailed Design phase of the Project.
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Figure 11-6: Typical cofferdam cross section

11.6 Embankment Dam Design

11.6.1 Introduction

A 2D seepage as well as slope stability analysis of the Clay Core Rockfill Dam (CCRD) has been
performed for this Feasibility Study. The slope stability was analysed through a static, pseudo-
static (OBE event) and Newmark analysis (OBE and SEE event). All analyses have been carried
out with the software GeoStudio 2021 R2.

This chapter presents a summary of the analyses performed as part of the Feasibility Study
design. More information and detailed results have been compiled in Volume 7 – Project Design.

11.6.2 Design Criteria

This chapter describes the design parameters and design methods that have been used for the
performed seepage and slope stability analysis.

11.6.2.1 Geometrical Model

Figure 11-7 presents the representative dam cross section that has been used to perform the 2D
seepage and slope stability analyses. The idealised cross section reflects the most unfavourable
geometrical conditions (e.g. the highest cross section) related to seepage and slope stability. The
top surface of the base rock and the thickness of the alluvium cover were derived from the
geological drawings which are based on the 2020/2021 geological site investigations. The cut-off
wall reaches from the gallery down to the rock surface. The anchoring length in the bedrock is
modelled with a minimum penetration depth of 1 m. The clay core and the cut-off wall form a
technical watertight sealing arrangement.
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Figure 11-7: Geometrical model - CCRD

The dam crest is at elevation 1,512.00 m asl which leads to an average dam height of
approximately 30 m. Table 11-5 summarises the salient dam features.

Table 11-5: CCRD geometry

Dam Crest Elevation
(m asl)

Slope Inclination
Downstream

(V:H)

Slope Inclination
Upstream

(V:H)

FSL
(m asl)

MOL
(m asl)

1,512.00 1:2.1 1:2.3 1,510.00 1,500.00

11.6.2.2 Methodology

A steady-state and a transient seepage analysis were carried out. The steady-state seepage
analysis has been performed to determine the pore pressure distribution and the phreatic line.
This information served as the basis for the dam slope stability analyses. A transient analysis was
performed to analyse the rapid drawdown condition. Therefore, the results of this analysis were
the basis for the slope stability calculations in the case of a rapid drawdown event.

The Morgestern Price Limit Equilibrium Method has been used for the calculation of the factors of
safety (common international practice). Static and pseudo-static 2D slope stability analyses have
been performed and the most critical slip surfaces for the upstream and downstream slopes have
been identified. The seismic loads have been applied in accordance with the approach presented
in Chapter 11.6.2.4. The analysed load cases are presented in Table 11-6.

11.6.2.3 Material Parameters

Despite the comprehensive 2008-2009 and 2020-2021 investigations campaigns performed on
samples, limited information concerning material parameters and foundation conditions are
available to characterise the foundation as a whole taking into account the contribution of the
larger material and other boulders. Therefore, the used parameter sets for analysis were
estimated based on available geotechnical data presented in the Volume 4 - Geology and
summarised in Chapter 5 , data from comparable projects and recognised literature. The hydraulic
and strength material parameters used for the calculations are given in Volume 7 – Project Design.
The material parameter sets have to be verified in an early stage of the Project implementation
by material testing and the calculations will have to be revised as applicable.
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Figure 11-8: CCRD geometrical model with assigned materials

11.6.2.4 Earthquake Input

Two different earthquake inputs have been used for the analysis of the dam structure under
seismic loading. Following the recommendations provided in ICOLD Bulletin 148 a return period
for the OBE of 145 years and 3,000 years for the SEE event have been considered. The latter
corresponds to a so called “moderate consequence structure”.

On one hand, the PGA values were employed for the pseudo-static analysis and on the other
hand, acceleration time histories were used for the Newmark analysis. The output of the
Probabilistic Seismic Hazard Assessment is response spectra and generic acceleration time
histories for rock sites.

Because the alluvial foundation below the CCRD will affect the earthquake motions, a one-
dimensional site response analysis has been carried out with the software Deepsoil and amplified
values on the top of the alluvium layer have been used as input for the Newmark analysis. To
further enhance the understanding of the behaviour of the CCRD under seismic loading, a recorded
earthquake (Kobe) has been modified (site response analysis) in addition to the generic
earthquakes provided in the Probabilistic Seismic Hazard Assessment. This input motion has been
matched to the site response spectrum defined for SEE motion within the Probabilistic Seismic
Hazard Assessment.

The earthquake acceleration time series have been applied in all analyses in the dam foundation
area (dam footprint).

11.6.2.5 Load Cases and Factors of Safety for the Slope Stability
Analysis

Load cases considered in the slope stability analysis as well as the corresponding minimum
required factors of safety are presented in Table 11-6. Because the PMF level with all three gates
open (1,507.90 m asl) is lower than the FSL, this load case was not analysed separately.
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Table 11-6: Load case combinations and minimum required factors of safety
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LCC1 X X X  LCC I, Usual Case 1.5 End of construction

LCC2 X  X X LCC II, Unusual 1.2 End of construction + OBE

LCC3 X X X LCC I, Usual Case 1.5 FSL downstream

LCC4 X  X X LCC II, Unusual 1.2 FSL downstream + OBE

LCC5 X X X  LCC I, Usual Case 1.5 Upstream FSL

LCC6 X  X X LCC II, Unusual 1.2 Upstream FSL + OBE

LCC7 X X X  LCC I, Usual Case 1.5 Upstream MOL

LCC8 X  X X LCC II, Unusual 1.2 Upstream MOL + OBE

LCC9 X* X X LCC II, Unusual 1.3 Rapid drawdown

*Rapid drawdown (from FSL to empty reservoir)

11.6.3 Results

11.6.3.1 Seepage Analysis

The FSL of 1,510.00 m asl has been used for the seepage calculation. The downstream ground
water level of 1,465 m asl has been applied at the right geometrical model boundary. The
calculated pore water pressure distribution and flow paths can be seen in Figure 11-9.

Figure 11-9: Seepage analysis FSL - pore water pressures (kPa)
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The steady-state analysis shows that the sealing arrangement (cut-off wall and clay core) and the
drainage blanket in the downstream dam shoulder foundation leads to a satisfying pore pressure
distribution. The extension of the cut-off wall down to the rock surface (with a minimum
penetration depth of 1 m) will limit the seepage quantities and the risk of internal erosion. The
findings from the site investigations indicate that lenses of fines and the extension of the same in
the foundation is limited. Therefore, the risk of liquefaction during earthquake shaking is expected
to be very low to nil.

11.6.3.2 Static and Pseudo-Static Slope Stability Analysis

Static and pseudo-static 2D slope stability analyses have been performed and the most critical
slip surfaces for the upstream and downstream dam slopes have been obtained. More information
is provided in Volume 7 – Project Design, Annex 1.1. The computed factors of safety for these
critical slip surfaces can be seen in Table 11-7.

Table 11-7: Load case combinations, minimum required and reached factors of safety
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LCC1 X X X  LCC I, Usual Case 1.5 2.85 End of construction

LCC2 X X X LCC II, Unusual 1.2 1.23 End of construction + OBE

LCC3 X X X LCC I, Usual Case 1.5 1.95 FSL downstream

LCC4 X X X LCC II, Unusual 1.2 <1.2 FSL downstream + OBE

LCC5 X X X  LCC I, Usual Case 1.5 2.61 Upstream FSL

LCC6 X X X LCC II, Unusual 1.2 <1.2 Upstream FSL+OBE

LCC7 X X X  LCC I, Usual Case 1.5 2.33 Upstream MOL

LCC8 X X X LCC II, Unusual 1.2 <1.2 Upstream MOL+OBE

LCC9 X* X X LCC II, Unusual 1.3 1. 36 Rapid drawdown

*Rapid drawdown (from FSL to empty reservoir)

11.6.3.3 Newmark Analysis

Newmark analyses have been performed for the OBE and the SEE event (generated and
recorded/matched earthquake records). With the Newmark method, the movement of rigid sliding
blocks induced by earthquake shaking along a slip surface is determined. The movements of
representative sliding blocks have been investigated. The calculated displacements are
summarised in Table 11-8. Critical sliding blocks are presented in Volume 7 - Annex 1.1. All
analysed cases lead to acceptable displacements and do not critically affect the dam stability nor
its integrity. However, repair and rehabilitation works after the CCRD experienced considerable
deformations might be required.
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Table 11-8: Newmark results for OBE and SEE event (generated and recorded/matched records)

Earthquake Load
Case

Displacement of the Sliding
Block with Largest Deformation

(m)

Displacement of Deeper Sliding
Block passing through Clay Core

(m)

OBE

FSL DS 0.0013 Negligible

FSL US 0.03 Negligible

MOL US 0.002 Negligible

SEE
(3,000-
year)

FSL DS 0.09 0.06

FSL US 0.29 0.13

MOL US 0.07 0.03

Kobe
matched

FSL DS 0.45 0.22

FSL US 0.56 0.38

MOL US 0.29 0.10

11.6.4 Conclusion and Considerations for Further Design Stages

The performance of the CCRD under static, pseudo-static and dynamic loading indicates a safe
dam design and meets international standards. All factors of safety for static load cases satisfy
the design requirements. Where the stability could not be proved using a pseudo-static analysis
only (SFcalculated < SFrequired), a more sophisticated Newmark deformation analysis has been carried
out. For three pseudo-static load cases (LCC4, LCC6 and LCC8) the required factors of safety
could not be reached. The factors of safety against sliding required by the pseudo-static method
may not be attainable for larger seismic forces representative of moderate to high intensity ground
motions (refer to e.g. FEMA 2005). Therefore, a supplementary Newmark analysis has been
performed for the OBE case. All analysed cases lead to acceptable displacements. The calculated
movement of the rigid sliding blocks according to the Newmark method indicate deformations
smaller than the clay core width. Therefore, no uncontrolled release of water is expected in the
case of an OBE/SEE (3,000-year) event.

The imported earthquake acceleration time series have been applied on the dam footprint, the
stability behaviour of dam body itself in a case of the OBE and SEE (3,000-year) event has been
analysed by means of the Newmark analysis. According to the performed analyses, the dam
stability is significantly affected by the alluvium material at the foundation. Therefore, it is
important to ensure during the Project implementation that the alluvium material in the
foundation will not lose strength and stiffness during a seismic event. In order to ensure a
homogeneous and sufficient shear strength/ resistance in the alluvial foundation, soil
improvements in the dam foundation are taken into account in the BoQ.

The performed seepage analysis show that the designed sealing arrangement consisting of a clay
core and a cut-off wall down to the rock surface is suitable considering the reservoir levels and
present groundwater.

It is recommended that a stress-strain behaviour of the CCRD be studied with load-deformation
analysis at an early stage of the Project implementation to confirm the above conclusions.

All assumptions and conclusions are valid for the introduced geometries, loads and assigned
material parameters. Further material testing and site investigations shall be carried out at an
early stage of the Project implementation to verify the assumptions made at this stage of the
Project.
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11.7 Concrete Structures Stability

11.7.1 Introduction

This chapter presents a summary of the stability checks performed as basis for the Feasibility
Study design of the Lower Spat Gah Headworks flushing channels and desander structures.

The following checks have been performed to verify the overall stability of the Lower Spat Gah
Headworks concrete structures:

 Flotation (buoyancy),

 Sliding,

 Rotation (overturning),

 Bearing capacity.

The flushing channel is a water retaining control structure that controls the reservoir water level
with a radial gate and a channel alike structure downstream that channels the flow and protects
the headworks from erosion. The stability analysis is limited to the control structure, proofing that
this structure is stable for the below defined load cases without relying on force transmission to
the channel structure. The limit between control structure and channel structure is considered at
the contraction joint between the structures, with the overturning point at the bottom of the
downstream concrete key of the control structure. More information and details results have been
compiled in Volume 7 – Project Design.

Figure 11-10: Section of flushing channel

11.7.2 Design Criteria

This chapter documents the design parameters and methodology which have been used to
determine the global stability of the structure.
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11.7.2.1 Design Parameters and Loads

Static Loads

The loads applied in the calculation are as follows:

 Dead loads: The dead loads are calculated according to the actual set of drawings,
considering the weight of the concrete structure (24 kN/m3) and the weight of water
(10 kN/m3)

 Hydrostatic loads: Hydrostatic loads are considered as per the respective water levels
during operation and design flood levels; according to the selected load case the related
tailwater level has been used.

 Uplift: Uplift pressures are considered as an external load (linearization of effective
stresses). As an outcome of the numerical seepage analysis (Chapter 11.6.3.1), the uplift
pressure downstream of the cut-off wall has been reduced to 70% of the upstream water
pressure. A linear uplift pressure reduction towards the downstream end of the concrete
weir has been taken into account.

 Earth pressure loads (when applicable): Earth pressure is taken as Ka and Kp on relevant
areas;  = 20 kN/m3 and 11 kN/m3 are taken respectively for saturated and submerged
conditions.

Live Loads

Live loads are not considered for the stability analysis.

Water Levels

The following design water levels are considered:

 Upstream

o FSL 1,510.00 m asl

o 10,000-year flood (n-1) 1,510.74 m asl

o PMF 1,507.80 m asl (not governing)

 Downstream

o Normal operation 1,480.00 m asl (0.3 m above concrete)

o 10,000-year flood 1,483.18 m asl

o PMF 1,483.93 m asl (not governing)

Geotechnical Parameters

The following geotechnical parameters have been assumed for the alluvium:

 Alluvium

o Unit weight 20 kN/m3

o Cohesion c’ 0 kPa

o Friction angle ϕ, static 38°

o Friction angle ϕ, residual 30°

o Allowable bearing capacity σ 400 kPa



Feasibility Study
Volume 1: Main Report

Page 138

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

Design Earthquakes

Earthquake loads have been selected in accordance with the Seismic Hazard Assessment Report
(Chapter 7). An amplified response spectrum at the foundation of the concrete structure is
calculated and applied.

Effects of water in case of earthquake

The hydrodynamic forces are based on the Westergaard method and act additionally to the
hydrostatic water forces.

11.7.2.2 Loading Conditions and Safety Factors

To satisfy the stability analysis requirements for a concrete structure, the specific safety factor SF
shall be equal to or greater than defined in the USACE EM 1110-2-2100. The safety factor is
defined as the ratio of the resisting forces to the forces tending to cause a movement.

The safety factors depend on the different failure scenarios, such as flotation, sliding and rotation,
as well as the load condition category as listed in Table 11-9.

Table 11-9: Load condition category and return period

Load Condition Category Return Period

Usual Less than or equal to 10 years. Primary function of the
structures

Unusual Greater than 10 years but less than or equal to 300 years

Extreme Greater than 300 years, emergency conditions or the
combination of unusual loading events. Major accidents

The safety factors against sliding, overturning, flotation and bearing pressure as shown in Table
11-10 shall be met. Considering the moderate to low consequences for dam failures, the Lower
Spat Gah Headworks and Gabarband Intake concrete structures are classified normal and the
relevant safety factors are applied.

Table 11-10: Safety factor requirements

Load
Condition Flotation

Sliding*
Overturning Foundation

Bearing PressureCritical Normal

Usual 1.3 2.0 1.5 100% of base in
compression < allowable

Unusual 1.2 1.5 1.3 75% of base in
compression

< 1.15 x
allowable

Extreme 1.1 1.1 1.1 resultant within base < 1.50 x
allowable

* The factors of safety for sliding are different for critical structures and for normal structures and further
depend on whether site information is well defined, ordinary or only limited. Critical structures are generally
water retaining structures, whose failure will result in loss of life.

11.7.2.3 Load Cases

The load cases have been combined to i) usual, ii) unusual, iii) extreme load case combinations.
An overview of the investigated load case combinations is provided in Table 11-11 and Table
11-12 for the flushing channels and desander structures respectively.
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Table 11-11: Load condition category (Lower Spat Gah flushing channels)

Load Condition
Category Load Case Description Upstream

Water Level Gate

LC1-Usual Operating situation FSL closed

LC2-Unusual Earthquake – OBE FSL closed

LC3-Extreme Earthquake – SEE FSL closed

LC4-Extreme Flood 10,000-yr one gate closed

LC5-Post SEE
Normal condition, residual

shear strength parameter, no
uplift pressure reduction

FSL
closed

(to be opened
after SEE event)

Table 11-12: Load condition category (Lower Spat Gah desander)

Load Condition
Category

Load Case
Description

Hillside Water
Level Gate Channel

LC1-Usual Operating situation High Opened Filled - MOL

LC2-Unusual Maintenance Normal Closed Emptied

LC3-Unusual Earthquake – OBE Normal Opened Filled - FSL

LC4-Extreme Earthquake – DBE Normal Opened Filled - FSL

LC5-Extreme Flood Top of structure Closed Filled - FSL

11.7.3 Stability Analysis Results

11.7.3.1 Flushing Channels

The computed safety factors for the flushing channel structure are presented in Table 11-13. The
detailed calculations are compiled in Volume 7 – Project Design, Annex 1.2.

Table 11-13: Results overview flushing channel

Load Case Sliding SFS Rotation Flotation SFF
Bearing

Pressure (kPa)

Condition Combination Actual Req. Max.
eccentricity

Base in
com-

pression
Actual
(%)

Base in
com-

pression
Req.
(%)

Actual Req. Max Allow

Usual LC1 -
Normal 2.67 1.5 Middle third =

L/6 100 100 2.61 1.3 352 400

Unusual LC2 - OBE 1.38 1.3 Middle half =
L/4 100 75 2.42 1.2 485 460

Extreme LC3 – SEE 0.93 1.1 In base = L/2 73 >0 2.24 1.1 675 600

Extreme LC4 - Flood 2.48 1.1 In base = L/2 100 >0 2.32 1.1 335 600

Extreme LC5 – Post
SEE 1.47 1.1 In base = L/2 100 >0 1.64 1.1 282 600

For all considered cases, the minimum safety factors against flotation and rotation are met. In
case of global sliding the required safety factors are met except for the extreme load case
combination considering the SEE. According to international standards this can be accepted if no
uncontrolled water release happens during and after a SEE event. Preliminary permanent sliding
calculations have been performed for this phase but more detailed calculations need to be
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executed during the Detailed Design phase of the Project using conventional Finite Element
Model(s). Nevertheless, the criterion of no uncontrolled release of water can be met with for
example an overlapping contraction joint to the neighbouring structures.

The bearing pressures for the seismic load cases are slightly higher than the allowable bearing
pressures. Given the uncertainties in the current design stage and considering that some damages
of the concrete structure or the foundation at the interface to the downstream channel structure
can be accepted, this can be accepted.

11.7.3.2 Desander

The computed safety factors for the desander structure are presented in Table 11-14. The detailed
calculations are compiled in Volume 7 – Project Design, Annex 1.3.

The desander structure is safe for all considered load case combinations. Because the desander
is not a water retaining structure (gates at intake) that is critical for the safety of the Project, the
stability was checked against the DBE. Nevertheless a stability check has been carried out for the
SEE considering a support against sliding at the intermediate block between desander and flushing
channel. This force has subsequently been considered for the stability calculations of the
intermediate block itself.

For structural reasons, beams are provided on the top of the concrete structure of 1,512 m asl to
reduce the internal forces of the walls.

Table 11-14: Results overview desander

Load Case Sliding SFS Rotation Flotation SFF
Bearing

Pressure (kPa)

Condition Combination Actual Req. Max.
eccentricity

Base in
com-

pression
Actual (%)

Base in
com-

pression
Req. (%)

Actual Req. Max Allow

Usual LC1 - Normal 1.53 1.5 Middle third
= L/6 100 100 1.70 1.3 148 400

Unusual LC2 -
Maintenance 1.40 1.3 Middle half =

L/4 90 75 1.62 1.2 141 460

Unusual LC3 - OBE 1.56 1.3 In base = L/2 100 75 2.48 1.2 259 460

Extreme LC4 - DBE 1.24 1.1 In base = L/2 100 >0 2.39 1.1 296 600

Extreme LC5 - Flood 1.46 1.1 In base = L/2 130 >0 1.62 1.1 143 600

11.8 Standards, Codes and Guidelines

The following appropriate international standards, manuals and guidelines have been used for the
diversion dam civil design works of the Feasibility Study.

11.8.1 Hydraulic Dam Design

 Bollrich. 1996. Technische Hydromechanik. Verlag für Bauwesen. Berlin.

 Chow, V.T. 1959. Open Channel Hydraulics.

 Giesecke, J. 2005. Wasserkraftanlagen. 4th edition.

 Minor, H.-E. 1988. Design of spillways for large dams. Reprinted from Indian Journal of
Power & River Valley Development, March 1988.

 Mosonyi, E. 1991. Water Power Development, Volume Two, High-Head Power Plants.
Akadémiai Kiado. Budapest.

 Ortmanns, C. 2006. Entsander von Wasserkraftanlagen. Mitteilung Nr. 193.
Versuchsanstalt für Wasserbau, Hydrologie und Glaziologie, Eidgenössische Technische
Hochschule. Zürich.
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 USBR. 1978. Design of Small Canal Structures. United States Department of the Interior,
Bureau of Reclamation. A Water Resources Technical Publication.

 USBR. 1990. Criteria and guidelines for evacuating storage reservoirs and sizing low-level
outlet. Bureau of Reclamation, Denver, CO. Assistant Commissioner - Engineering and
Research.

11.8.2 Pre-Cofferdams and Embankment Dam Design

 Fell, R., MacGregor, P., Stapledon, D., and Bell, G. 2005. Geotechnical engineering of
dams.

 FEMA. 2005. Federal Guidelines for Dam Safety. Earthquake Analyses and Design of
Dams. Federal Emergency Management Agency.

 FEMA. 2005. The National Dam Safety Program Research Needs Workshop- Seepage
Through Embankment Dams. Federal Emergency Management Agency

 ICOLD Bulletin 91: Embankment Dams - Upstream Slope Protection. International
Commission on Large Dams. 1993.

 ICOLD Bulletin 95: Embankment Dams - Granular Filters and Drains. International
Commission on Large Dams. 1994.

 ICOLD Bulletin 148: Selecting seismic parameters for large dams. International
Commission on Large Dams. 2010.

 Kutzner, C. 1996. Earth and Rockfill Dams, Principles for Design and Construction.

 Seed, B., Wong, R., Idriss, I. M., and Tokimatsu, K. 1984. Moduli and damping factors for
dynamic analyses of cohesionless soils.

 Seed, B., Golesorkhi, R. and Sun, Joseph I. 1988. Dynamic moduli and damping ratios for
dynamic analyses of cohesive soils. Earthquake engineering research center.

 USACE. 1984. A. G. Franklin, Mary E. Hynes-Griffin. US Army Corps of Engineers.
Rationalizing the seismic coefficient method. Misc. Pap. GL-84-13.

 USACE. 2003. EM 1110-2-1902. Slope Stability. U.S. Army Corps of Engineers,
Engineering and Design.

 USACE. 2004. EM 1110-2-2300. General Design and Construction Considerations for Earth
and Rockfill Dams. U.S. Army Corps of Engineers, Engineering and Design.

 USSD. 2007. Strength of materials for embankment dams. United States Society on
Dams.

11.8.3 Stability Analysis

 ASCE. 2010. Minimum design Loads for Buildings and Other Structures. American Society
of Civil Engineers.

 ASTM. Testing specifications.

 USACE. 2005. EM-1110-2-2100. Stability Analysis of Concrete Structures. U.S. Army
Corps of Engineers, Engineering and Design. American Society for Testing and Materials.
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12 Civil Design - Lower Gabarband Intake

Corresponding Drawings

LSG-FS-070-001 Lower Gabarband Intake, General Arrangement, Overview Plan

LSG-FS-070-002 Lower Gabarband Intake, General Arrangement, Plan View

LSG-FS-070-003 Lower Gabarband Intake, Flushing Channel, Section A-A

LSG-FS-070-004 Lower Gabarband Intake, Spillway, Section B-B

LSG-FS-070-005 Lower Gabarband Intake, Desander & Forebay, Sections C-C & D-D

LSG-FS-070-006 Lower Gabarband Intake, Weir, Desander and Forebay, Sections 1-1 to 4-4

LSG-FS-070-007 Lower Gabarband Intake, Excavation, Plan View

LSG-FS-070-008 Lower Gabarband Intake, Excavation, Sections E1-E1 & E2-E2

LSG-FS-070-009 Lower Gabarband Intake, General Arrangement, Construction Phasing -
Sheet 1/2

LSG-FS-070-010 Lower Gabarband Intake, General Arrangement, Construction Phasing -
Sheet 2/2

12.1 Introduction

This chapter describes the civil structures of the Lower Gabarband Intake and their design,
including the spillway, flushing channel, desander intake and desander. More detailed design
criteria and comprehensive calculations performed as basis for the Feasibility Study design are
compiled in Volume 7 – Project Design.

12.2 Location

The location of the Lower Gabarband Intake, especially the desander and Gabarband Intake
Tunnel portal has been questioned by the Panel of Experts. Overall the location of the Lower
Gabarband Intake is at the most optimal location considering the maximum upsurge water levels,
length of Gabarband Intake Tunnel, width of the valley, scree areas and the upstream village. The
position of the portal has been decided taking into account all possible geological risks, including
the risk of rock falls and larger instabilities. The ancient rock fall zone present in the area does
not show evidence of any recent activity. The large blocks accumulated at the base of the slope
in the portal are the results of an ancient event and not of an ongoing process. The actual
morphology of the area and the vegetation cover both indicate that the area is stable and does
not anymore represent a risk for the structures. Active or recent rock fall areas, characterized by
lack of vegetation formation of detrital cones are on the other hand observed upstream of the
selected weir-intake area and the structures have been located and designed to avoid these areas.
Per the Panel of Expert’s comments it is recommended to validate the location in the next Project
design stage.

12.3 Reservoir Characteristics

The weir generates a very small reservoir on the Gabarband River. Reservoir volume-area-curves
have not been developed due to its negligible dimensions but the general characteristics of the
reservoir are listed in Table 12-1.

Table 12-1: Main characteristics of Lower Gabarband reservoir

Reservoir

Normal Operating Level (NOL) 1,553.00 m asl

Reservoir volume at NOL 4,000 m3

Surface area at NOL 1,700 m2

Backwater length at NOL 65 m
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12.4 Hydraulic Design Weir

12.4.1 Introduction

This chapter describes the layout planning and design of the Lower Gabarband Intake. The concept
for river diversion during construction is also discussed. This hydraulic design chapter contains
the design description and the hydraulic design.

12.4.2 General Layout

The flow diverting Lower Gabarband Intake consists of an ungated spillway, gated flushing channel
and an intake diverting flow to the Power Waterway. The flushing channel consists of one bay and
shall be capable of sediment flushing.

During the construction period, the river shall be diverted through the main river channel
(construction stage 1) and the flushing channel (construction stage 2). The spillway’s crest is
proposed at the Normal Operating Level (NOL).

Table 12-2 lists the general characteristics of the Lower Gabarband Intake.

Table 12-2: Main characteristics of Lower Gabarband Intake

Reservoir

Normal Water Level (NOL) 1,553.00 m asl

Water level - design flood (1,000-year) 1,556.77 m asl

Water level - check flood (10,000-year) 1,558.28 m asl

Water level - safety flood (1,000-year, n-1) 1,557.66 m asl

Spillway

Location Main river channel

Crest elevation 1,553.00 m asl

Foundation elevation 1,538.50 m asl

Crest length 20.5 m

Flushing Channel

Location Left bank

Sill crest elevation 1,548.00 m asl

Type of gate Radial gate

Gate dimensions (WxH) 4.00 m x 7.08 m

Top of parapet wall 1,560.30 m asl

Crest elevation 1,559.40 m asl

Foundation elevation 1,538.50 m asl

Crest length 9 m

12.4.3 Design Criteria

12.4.3.1 Basic Data

Floods

The flood peak discharges at the intake site on the Gabarband River are given in Table 5-7. The
low-flow season in the Project area has been assumed from October to March.
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Topography

The survey information given as summarised in Chapter 4 and presented in more detail in
Volume 2 – Topography was used.

Geology

The intake site is mainly located on top of river deposits and slope wash river sediments and scree
while the bedrock is mainly amphibolite as described in Chapter 6 and further documented in
Volume 4 – Geology.

12.4.3.2 Hydraulic Design Criteria

The main requirement of the Lower Gabarband Intake is to divert water to the Gabarband Intake
Tunnel and Power Waterway.

The intake will consist of a spillway, flushing channel and desander. The whole structure shall
mainly be founded on sediments.

The following load cases for the hydraulic design of the weir are defined:

 Design flood: 1,000-year flood

 Check flood: 10,000-year flood

 Safety flood: Design flood with the flushing channel gate not operational (n- 1 rule)

The 1,000-year flood with the n-1 criterion was selected instead of the PMF as the safety flood
because the weir is a small structure according to ICOLD (2016). Furthermore, the small concrete
weir with minimal reservoir results in minimal consequences in case of a failure. Additionally, the
concrete weir can sustain overtopping.

The flushing channel will also be used to periodically clear the bed load and debris from the front
of the desander intake and to act as a river bypass during construction.

The weir height is determined based on topographic, hydraulic and freeboard requirements.

The spillway capacity is determined using standard dam-discharge relationships and appropriate
discharge coefficients.

A freeboard of 1.12 m to the weir crest has been provided for the check flood condition. Minimum
freeboards of 1.0 m to the underside of the bridge have been checked to be available for the
critical safety flood event where the gate is not operational and sufficient clearance for debris
shall be available.

A variable flow ranging from 0.23 to 0.33 m3/s is released as residual flow through a valve-
controlled by-pass, which is installed in the left flushing channel pier next to the desander, and
discharges into the concrete flushing channel downstream of the gate.

12.4.3.3 Diversion during Construction Criteria

The Lower Gabarband Intake structure will be constructed in two main phases. The initial
construction works in the river bed as well as the placing of the cofferdams will be carried out
during the low-flow seasons. According to the USBR (1990) criterion, the flood should generally
be approximately five times the duration of the construction period. With a construction duration
of about one year for each stage, this criterion gives a 5-year flood. The construction pits shall
therefore be designed to be safe against floods up to a 5-year return period.

During stage 1, structures at the left bank, i.e. the flushing channel, desander intake and desander
shall be constructed while the river is being diverted within the natural main river bed. The
construction site will be protected by the intermediate pier between the spillway and flushing
channel as well as upstream and downstream cofferdams.

During stage 2, which comprises the completion of the spillway, the river will be diverted through
the completed flushing channel at the left river bank.
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12.4.4 Hydraulic Design

12.4.4.1 General

The main requirement of the Lower Gabarband Intake is to divert water to the Power Waterway.
In particular, the following requirements have to be met by the intake:

 Enable a certain water level at the desander intake to catch the river flows up to the
design diversion discharge,

 Allow flushing of sediments in front of the desander intake,

 Passing of floods, and avoid blockage due to floating tree branches and logs during floods,

 Ensure a residual flow in the Gabarband River downstream of the intake site during all
hydrological conditions.

12.4.4.2 Outline Design

The Lower Gabarband weir is a concrete structure with a total crest length of about 31.0 m
(including the flushing channel and spillway bay, piers and side walls) and a maximum height of
20.9 m (measured from the deepest foundation level to the dam crest top level excluding the
parapet wall).

Apart from the desander intake, the weir comprises two separate hydraulic sections. The left
multifunctional gated flushing channel is an open channel with an overall length of 54.5 m and
the spillway is an ungated flood discharge structure.

The weir includes one 20.5 m wide spillway bay with a crest elevation at 1,553.00 m asl at the
NOL, and one 4 m wide flushing channel bay with a radial gate and the gate sill level at
1,546.42 m asl. The flushing channel is designed with a steep slope invert to allow for easy and
effective release of the sediment. The invert inclination of the flushing channel is 13.90%. The
spillway bay width has been selected to provide enough room for safe passage of floating tree
logs.

The flushing channel radial gate hydraulic cylinder mounting position has been designed to keep
the respective position out of the discharging flows.

Stoplog grooves and stoplogs are provided upstream of the flushing channel radial gate. No
stoplogs are needed on the downstream side of the flushing channel radial gate because of the
low downstream water level. The stoplogs will be placed by a mobile crane.

The flushing channel provides a number of important functions: (a) second stage construction
diversion water passage, (b) flood control incorporation, (c) maintain the intake free of bed load,
(d) allow sediment and debris flushing from the reservoir to maintain its storage and (e) help in
release of excess flows during normal operation above the NOL as well as during floods.

The intermediate pier between the flushing channel and the spillway is continued towards
upstream as this pier will be used as part for the closure of the upstream cofferdam during the
construction phase. In addition to its function during the construction/diversion phase, the
intermediate pier will also improve the sediment flushing efficiency of the flushing channel and
guide the water and the sediments through the bay.

The spillway has an ogee crest with an inclined upstream face to facilitate the removal of
accumulated sediments during floods.

12.4.4.3 Hydraulic Design

The flushing channel has been designed to safely pass a design flood of 530 m3/s, equivalent to
a 1,000-year flood event, and was checked for a 10,000-year flood of 850 m3/s without any weir
overtopping.

The flow in the Gabarband River downstream of the weir is supercritical and is not causing any
backwater effect which could have a negative impact on the discharge capacity of the weir.
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With the flushing channel gate fully open, the discharge through the flushing channel will be free-
surface flow with critical depth formed at the sloped channel inlet. For the operation of the flushing
channel with the gate fully open and the operation of the spillway, the estimated headwater levels
for the 1,000-year design flood and the 10,000-year check flood will be at elevations
1,556.77 m asl and 1,558.28 m asl, respectively. With the flushing channel gate closed (n-1
criterion), the headwater level for the 1,000-year flood will reach the elevation of 1,557.66 m asl.

The rating curves for the combined spillway and the flushing channel operation with the gate fully
open is shown in Figure 12-1.

Due to the low tailwater levels and super-critical flow regime within the natural downstream river,
no hydraulic jump shall take place in the flushing channel or downstream of the spillway. The
provided inclined concrete channel is to protect the flushing channel foundation from erosion.

The weir structure at the Lower Gabarband Intake including the spillway and flushing channel is
deemed not to impact the sediment transport regime of the river remarkably. With the proposed
structures the sediment shall be transported to the downstream river reach during annual floods.

To clean up the desander intake area from sediment, the flushing channel needs to be operated
at least once a year during the high-flow season floods. The flushing channel is however planned
to be operated more often than that in order to regulate the reservoir water level for small floods.

Figure 12-1: Headwater rating curves for combined operation of spillway and flushing channel (gates fully
open)

12.4.4.4 Design Floods and Freeboard

As mentioned in Chapter 12.4.3.2, the design of the weir is carried out for the following load
cases:

1) Design flood, which corresponds to the 1,000-year flood with the flushing gate fully open,

2) Check flood, which corresponds to the 10,000-year flood with the flushing gate fully open,

3) Safety flood, which corresponds to the 1,000-year flood with the flushing gate closed (n-
1 criterion).

The defined load cases lead to the following headwater levels in the reservoir:

 Design flood (HQ1,000, n): 1,556.77 m asl

 Check flood (HQ10,000, n): 1,558.28 m asl

 Safety flood (HQ1,000, n-1): 1,557.66 m asl
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Generally, an adequate freeboard represents an adequate safety margin during severe floods. A
minimum freeboard of 1.12 m to the weir crest has been provided for the check flood condition.
With the weir crest level at 1,559.40 m asl, freeboards of 1.24 m and 1.74 m are available during
the design and safety flood events respectively. Wave run-up and wind setup has also been taken
into account for the design flood event. The freeboard to the underside of the bridge during the
safety flood is 1.24 m.

12.4.4.5 Residual Flow Outlet

The residual flow requirement at the Lower Gabarband Intake resulted to 0.23 to 0.33 m3/s. The
residual flow is released through a pipe of 0.30 m diameter embedded in the left flushing channel
pier. A gate valve (0.30 m diameter) is provided to control the discharge at various operating
levels. The residual flow valve opening will be adjusted through automatic control from SCADA
based on the headwater level to release the required amount of flow.

The residual flow pipe discharges into the flushing channel comprising of high-strength concrete.

12.4.5 Tailwater Rating Curve

The Gabarband River water surface profile analysis has been carried out using the 1D HEC-RAS
model developed by USACE. The river Manning’s roughness coefficients were estimated utilising
well-known hydraulic references such as Chow’s Open Channel Hydraulics (1959). Manning
roughnesses of n=0.05, n=0.065 and n=0.014 were estimated for the river main channel,
overbanks and concrete surfaces, respectively. The model geometry is based on the detailed
topography from the 2010 Feasibility Study.

The Lower Gabarband Intake tailwater levels for different discharges are shown in Figure 12-2.

Figure 12-2: Lower Gabarband Intake tailwater level

12.4.6 Concept of River Diversion during Construction

Water needs to be diverted during construction to allow the weir and desander to be built in dry
conditions. The purpose of the Lower Gabarband Intake construction diversion concept discussed
in this section is not to describe how the construction is to be carried out. However, the purpose
is to demonstrate that the construction diversion is feasible and to recommend reasonable
diversion floods that are typically acceptable to investors and insurers.

The high-flow season is from April to September with the most severe floods between May and
July. A two-stage construction procedure is proposed for the Lower Gabarband Intake. The
proposed diversion concept is illustrated in Figure 12-3and further discussed in the following
sections.
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Figure 12-3: Dam construction stage 1-A (top) and 2 (bottom)

After some initial works, construction of the Lower Gabarband Intake will be done during two main
construction stages:

 Stage 1: Construction of left bank structures

 Stage 2: Construction of spillway and right abutment
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Stage 1 works will be carried out along the left bank and the river will be allowed to follow in its
natural course at the weir site, i.e. along the main channel and right bank. During this stage the
intermediate pier, cofferdams, flushing channel, desander intake, desander and forebay will be
constructed. The stage 1 works can only start when the excavation and lining of the Lower
Gabarband Intake tunnel is complete because the tunnel serves as access for the Lower
Gabarband Intake. The intermediate pier and flushing channel slab as well as the subsequent
cofferdam construction will have to be carried out during the low-flow season. The remaining
structures can then be completed during the high-flow season.

The stage 2 works will be carried out at the river main channel and the right bank and the river
will be diverted to flow through the flushing channel constructed in Stage 1. The removal of the
stage 1 cofferdam and placement of the stage 2 cofferdams will be done in the second low-flow
season of the Lower Gabarband Intake construction. The construction of the spillway and right
abutment can then start and be completed at the end of the low-flow season.

12.5 Hydraulic Design Desander

12.5.1 Introduction

This chapter present the hydraulic design of the desander including the desander intake and the
desander flushing channel. The design of the forebay and Gabarband Intake Tunnel downstream
of the desander end sill is presented in the chapter of the Power Waterway (Chapter 13).

This chapter only presents the design particular to the desander and is to be read in conjunction
with other civil design chapters such as for the weir and Power Waterway and the Volume 7 –
Project Design providing more detailed information about the way the structure has been
hydraulically designed.

12.5.2 General Layout

The layout of the desander consists of an intake section and desander itself. The intake conveys
the water from the reservoir to the desander. At the downstream end of the desander, the water
flows over an end sill into the forebay of the Gabarband Intake Tunnel while sediments will remain
at the bottom of the desander basins, to be flushed back into the river through the flushing
channels. The desander is designed with two basins, and an intake and intake channel each.

Table 12-3 lists the general characteristics of the intake and desander.

Table 12-3: Main characteristics of Lower Gabarband Intake desander and basins

Discharge

Design discharge Qd 10.0 m3/s

Intake

Type Lateral

Inlet sill level 1,551.00 m asl

Inlet size (W x H) Two 4.20 m x 2.00 m

Intake Channel

Width 1.40 m

Water depth at NOL & Qd 1.7 m

Length calming section upstream basins 7.00 m

Invert upstream of basins 1,550.95 m asl

Transition Zone

Length 22.25 m

Vertical and lateral slope 1:5 (V:H) or less steep
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Calming racks Three rows for each basin

Desander Basins

Number 2

Design grain size 0.3 mm

Length 39 m

Dimensions (W x H) at beginning 4.9 m x 6.2 m

Flushing channel width 1 m

Flushing channel slope 3%

Flushing gate Sluice

Desander End Sill

Type Broad-crested

Crest level 1,552.06 m asl

12.5.3 Design Criteria

The design grain size for the desander basin design shall be 0.3 mm (see Chapter 8.3.1). The
functional design criteria of the desander are as follows:

1. A trash rack shall be foreseen at the intake to prevent any floating debris from entering
it. A concept for the removal of material from the trash rack in case of clogging is to be
foreseen.

2. The desander shall be designed so that each basin can be flushed independently while
allowing for continuous operation of the power plant at proportionally reduced plant
discharges.

3. The desander shall be able to operate and flush sediment back into the river up to a
design flood.

The following criteria are applied to hydraulic design of the desander.

1. Reservoir level At spillway crest for design discharge

2. Gross approach velocity of trash rack 0.60 m/s

3. Intake channel

o Length of straight section L > 5*W

o Maximum Froude number 0.65

4. Desander basins

o Grain size to remove d = 0.3 mm

12.5.4 Design

The purpose of the desander is to remove sediment particles with a diameter of d = 0.3 mm or
more from the water before it is conveyed to the forebay and the Gabarband Intake Tunnel. The
desander is provided in order to avoid deposition in the subsequent waterways and abrasion of
the turbines.

The design discharge of the desander system equals the diversion discharge of 10 m3/s.
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12.5.4.1 Intake

The intake to the desander is located next to the sediment flushing channel of the weir on the left
river bank and is designed to divert the water into the waterway with as little coarse sediment as
possible. The pier between the flushing channel and the spillway improves the flow conditions
towards the intake. In order to not entrain sediment which settled upstream of the radial gate,
the invert of the intake is at an elevation of 1,551.00 m asl, which is about 4 m above the flushing
channel invert. The sediment entry into the desander is expected to be reduced because of the
elevated intake. The intake dimensions were determined with the recommended maximum
velocity at the trash racks of 0.6 m/s, which is also suitable to reduce the entrainment of fine
gravel by turbulence. Two intakes are foreseen, and a width of 4.20 m and a height of 2.00 m
per intake fulfil this criterion.

A vertical coarse steel trash rack will be fitted to the intake openings to prevent large debris from
entering the waterway system. Entering of larger debris and large sediments will be prevented
and will be flushed downstream through the sediment flushing gate.

The flow area downstream of the intake is gradually reduced to the size of the intake channel to
increase the flow velocity. After the contraction, a fixed-wheel gate will be provided for each
intake. The gates have the following functions:

 Revision of desander and Power Waterway: If the desander or Power Waterway need
to be emptied for a revision, the gates can be closed.

 Flood event: When the water level rises too much above the NOL during a flood event,
then the gates are closed completely. The power generation might continue depending
on the flood conditions at the Lower Spat Gah Headworks. The river contains a high
concentration of sediments during those flood events, so closing the gates and
stopping the operation has additional benefits. This prevents an excessive sediment
load entering and settling in the desander and waterway as well as minimises abrasion
at the turbines.

 Flushing of desander basin: The gates will be operated during flushing of the basins.

Just upstream of each gate will be a slot for stoplogs. They will be manually lowered into the slot
for revisions of the gate or if the gate cannot be closed.

12.5.4.2 Intake Channels

Two intake channels are foreseen between the intake and the transition zone at the beginning of
the desander basins, one for each basin. The purpose of the channels is to guide the flow to the
desander basins in a uniform flow with no turbulences.

The velocity in the intake channels is such that sediment deposition is avoided. The minimum
velocity is determined with the Zanke criterion to prevent a deposition of sediments.

The critical velocity vcr will be approximately 2 m/s. With the width of the channel of 1.40 m and
a flow depth of 1.7 m, the critical flow velocity can be adhered to. For hydraulic stability reasons
the Froude number should not exceed 0.65, which is kept with the 2.1 m/s flow velocity and
corresponding water depth.

To achieve uniform approach flow conditions for the desander basins, a straight section of 7 m is
foreseen upstream of each transition zone. The commonly applied criterion to determine this
length is five times the channel width, which is fulfilled with the foreseen length.

12.5.4.3 Transition Zone

The purpose of the transition zone at the beginning of the desander is the adjustment from the
intake to the basin cross section.

For the proper operation of the desander the flows have to be calmed and uniformed as much as
possible and the installation of three calming racks is therefore foreseen in the transition zone.
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12.5.4.4 Desander Basins

The desander system is designed to remove particles with a diameter of 0.3 mm for the diversion
design discharge of 10 m3/s (5 m3/s per desander basin). The operation water level at the overflow
crest with the design discharge of 5 m3/s is at 1,552.68 m asl. In order to avoid re-suspension
of the settled particles, the flow velocity v in the desander basins should not exceed the critical
velocity vcr of the design particle. To avoid the re-suspension of a particle with a diameter of
0.3 mm from a sand bed according to Zanke, the critical velocity vcr is 0.19 m/s.

The geometric ratios of the basin are designed to avoid irregular flow patterns. The flow velocity
criterion is fulfilled with a selected width of each basin of b = 4.9 m and a water depth of h = 6.2
m, not including the flushing channel height. The flow velocity v in each basin results to 0.18 m/s
and does not exceed the critical velocity vcr = 0.19 m/s.

The length of the desander basins results from the classic sand trap design approach: A particle
with the design grain size entering the desander basin at the water surface shall sink to the basin’s
bottom while travelling through the basin, considering a constant sinking velocity over the basin
length. The resulting length of the desander is 39 m. This length also fulfils the L ≥ 8 * width
criterion.

12.5.4.5 Desander End Sill

At the downstream end of the desander is an overflow crest to divert the water into the forebay
of the Intake Tunnel. The overflow height is determined with the formula according to Poleni. An
overflow height of 0.62 m is needed to convey 5 m3/s per basin.

A reduced basin width of 4.7 m was taken into account to consider the contractions due to the
flushing gate rods. It is assumed that no submergence occurs from the downstream tunnel and
the overflow is not reduced by the downstream water level. The water level in the desander is
thus hydraulically independent of the water level in the Gabarband Intake Tunnel.

The crest elevation is at 1,552.06 m asl, resulting in a water level at the downstream end of the
desander basins of 1,552.68 m asl.

12.5.4.6 Forebay Overflow Section

An overflow section is foreseen at the forebay to return the flow entering the desander back into
the river after a load trip while the desander intake gates are closing. The crest level of the
spillway is foreseen at 1,552.90 m asl with crest length of 12.00 m.

12.5.4.7 Flushing Channel

A flushing channel is located at the bottom of each basin. A sliding gate is located at the
downstream end, after which the channel conveys the sediment back to the river. The wetted
surfaces will be specially treated with a special protection against abrasion.

The elevation of the flushing channel invert at the gate is 1,545.33 m asl, which allows the
operation of the flushing channel even during large flood events.

12.5.4.8 Water Level from Intake to End Sill

The water level from the end sill to the intake was determined taking friction and local losses into
account. The friction losses were calculated with the equation from Manning.

The results of the water level surface calculations for the diversion discharge conditions are
compiled in Volume 7 – Project Design, Annex 2.4. The losses along Channel 1 and 2 differ slightly
because of the different intake channel lengths and bends.

12.5.4.9 Flushing of Desander Basins

While one basin is flushing, the other basin remains in operation. The discharge in the Gabarband
Intake Tunnel will then be half of the available capacity.
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The flushing procedure for one desander basin is as follows:

 Closing of the intake gate

 Opening of the flushing gate

 When the water level in the chamber is down, open the intake gate slightly to provide
for free-surface flushing

 Re-operate

12.6 Concrete Structures Stability

12.6.1 Introduction

This chapter presents a summary of the stability checks performed as basis for the Feasibility
Study design of the Lower Gabarband Intake flushing channel, spillway and desander structures.

The following checks have been performed to verify the overall stability of the Lower Gabarband
Intake concrete structures:

 Flotation (buoyancy)

 Sliding

 Rotation (overturning)

 Bearing capacity

The Lower Gabarband Intake flushing channel and spillway are a water retaining control structure
that control the reservoir water level either with radial gate or with the overflow crest and a
channel alike structure downstream that channels the flow and protects the headworks from
erosion. The stability analysis is limited to the control structure, proofing that this structure is
stable for the below defined load cases without relying on force transmission to the channel
structure, except specifically mentioned. More information and details results have been compiled
in Volume 7 – Project Design.

12.6.2 Design Criteria

Refer to Chapter 11.7.2.

The following design water levels have been considered for the Lower Gabarband Intake:

 Upstream

o NOL: 1,553.00 m asl

o 1,000-year flood (n-1): 1,557.88 m asl

o 10,000-year flood: 1,558.28 m asl

 Downstream

o Normal operation: 1,541.35 m asl (0.3 m above concrete)

o 1,000-year flood: 1,544.38 m asl

o 10,000-year flood: 1,545.20 m asl

12.6.3 Loading Combinations

An overview of the investigated load case combinations is provided in Table 12-4 and Table 12-5
for the flushing channel/spillway and the desander respectively.
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Table 12-4: Load condition category flushing channel /spillway

Load Condition
Category Load Case Description Upstream Water

Level Gate

LC1-Usual Operating situation NOL closed

LC2-Unusual Earthquake – OBE NOL closed

LC3-Extreme Earthquake – SEE NOL closed

LC4-Extreme Flood 10,000-yr Closed

LC5-Post SEE
Normal condition, residual

shear strength parameter, no
uplift pressure reduction

FSL closed

Table 12-5: Load condition category desander

Load Condition
Category

Load Case
Description

Hillside Water
Level Gate Channel

A1-Usual Operating situation High Opened Filled

A2-Unusual Maintenance Normal Closed Emptied

B1-Extreme Flood Top of
structure Closed Emptied

C1-Unusual Earthquake – OBE Normal Opened Filled

C2-Extreme Earthquake – DBE Normal Opened Filled

12.6.4 Stability Analysis Results

12.6.4.1 Flushing Channel

The computed safety factors for the flushing channel structure are presented in Table 12-6. The
detailed calculations are compiled in Volume 7 – Project Design, Annex 2.1.

All requirements stipulated in the above Design Criteria are met.

Table 12-6: Results overview flushing channel

Load Case Sliding SFS Rotation Flotation SFF
Bearing

Pressure (kPa)

Condition Combination Actual Req. Max.
eccentricity

Base in
com-

pression
Actual (%)

Base in
com-

pression
Req. (%)

Actual Req. Max Allow

Usual LC1 - Normal 5.52 1.5 Middle third
= L/6 100 100 2.60 1.3 204 400

Unusual LC2 - OBE 1.52 1.3 Middle half =
L/4 77 75 2.34 1.2 315 460

Extreme LC3 – SEE 1.14 1.1 In base = L/2 52 >0 2.23 1.1 449 600

Extreme LC4 - Flood 1.96 1.1 In base = L/2 88 >0 1.76 1.1 226 600

LC5 – Post
SEE
(informative)

3.85 1.1 In base = L/2 100 >0 2.34 1.1 197 600
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12.6.4.2 Spillway

The computed safety factors for the spillway structure are presented in Table 12-7. The detailed
calculations are compiled in Volume 7 – Project Design, Annex 2.2.

For all considered load case combinations, the safety against flotation and rotation is fulfilled. In
case of global sliding the required safety factors are met except for the extreme load case
combination considering the SEE. According to international standards this can be accepted if no
uncontrolled water release happens during and after an SEE event. Preliminary permanent sliding
calculations have been performed for this phase but more detailed calculations need to be
executed during the Detailed Design phase of the Project based on conventional Finite Element
Model(s). However, the permanent sliding displacements are conservatively calculated as 16 cm,
which is not critical.

The calculated bearing pressures are well below the allowed values.

Table 12-7: Results overview spillway

Load Case Sliding SFS Rotation Flotation SFF
Bearing

Pressure (kPa)

Condition Combination Actual Req. Max.
eccentricity

Base in
com-

pression
Actual (%)

Base in
com-

pression
Req. (%)

Actual Req. Max Allow

Usual LC1 - Normal 3.28 1.5 Middle third =
L/6 100 100 2.68 1.3 153 400

Unusual LC2 - OBE 1.30 1.3 Middle half =
L/4 100 75 2.34 1.2 155 460

Extreme LC3 – SEE 0.77 1.1 In base = L/2 100 >0 2.20 1.1 189 600

Extreme LC4 - Flood 1.17 1.1 In base = L/2 100 >0 1.76 1.1 100 600

Extreme LC5 – Post
SEE 2.04 1.1 In base = L/2 100 >0 2.11 1.1 131 600

12.6.4.3 Desander

The computed safety factors for the desander structure are presented in Table 12-8. The detailed
calculations are compiled in Volume 7 – Project Design, Annex 2.3.

The desander structure is safe for all considered load case combinations including the DBE since
it is not a water retaining structure (gates at intake) that is safety critical.

Table 12-8: Results overview desander

Load Case Sliding SFS Rotation Flotation SFF
Bearing

Pressure (kPa)

Condition Combination Actual Req. Max.
eccentricity

Base in
com-

pression
Actual (%)

Base in
com-

pression
Req. (%)

Actual Req. Max Allow

Usual LC1 - Normal 7.45 1.5 Middle third =
L/6 100 100 3.90 1.3 199 400

Unusual LC2 -
Maintenance 5.83 1.3 Middle half =

L/4 100 75 3.26 1.2 167 460

Unusual LC3 – OBE 2.59 1.3 In base = L/2 100 75 3.47 1.2 224 460

Extreme LC4 - DBE 1.16 1.1 In base = L/2 86 >0 1.99 1.1 184 600

Extreme LC5 – Flood 4.76 1.1 In base = L/2 100 >0 2.24 1.1 147 600
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12.7 Standards, Codes and Guidelines

The following appropriate international standards, manuals and guidelines have been used for the
Lower Gabarband Intake civil design works of the Feasibility Study:

 Bollrich. 1996. Technische Hydromechanik. Verlag für Bauwesen. Berlin.

 Chow, V.T. 1959. Open Channel Hydraulics.

 Giesecke, J. 2005. Wasserkraftanlagen. 4th edition.

 ICOLD Bulletin 157: Small dams: Design, Surveillance and Rehabilitation. International
Commission on Large Dams. 2016

 Mosonyi, E. 1991. Water Power Development, Volume Two, High-Head Power Plants.
Akadémiai Kiado. Budapest.

 Ortmanns, C. 2006. Entsander von Wasserkraftanlagen. Mitteilung Nr. 193.
Versuchsanstalt für Wasserbau, Hydrologie und Glaziologie, Eidgenössische Technische
Hochschule. Zürich.

 USBR. 1978. Design of Small Canal Structures. United States Department of the Interior,
Bureau of Reclamation. A Water Resources Technical Publication.

 USBR. 1990. Criteria and guidelines for evacuating storage reservoirs and sizing low-level
outlet. Bureau of Reclamation, Denver, CO. Assistant Commissioner - Engineering and
Research.
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13 Civil Design - Power Waterway

Corresponding Drawings

LSG-FS-080-001 Power Waterway, General Arrangement, Overview Plan

LSG-FS-080-002 Power Waterway, General Arrangement, Longitudinal Profile

LSG-FS-080-003 Power Waterway, General Arrangement, Projected Underground Facilities

LSG-FS-080-004 Power Waterway, Gabarband Intake Tunnel, Plan View & Detail Junction

LSG-FS-080-005 Power Waterway, Gabarband Intake Tunnel, Longitudinal Profile & Typical
Section

LSG-FS-080-006 Power Waterway, Gabarband Crossing, Plan, Profile & Details

LSG-FS-080-007 Power Waterway, Gabarband Crossing Adits, Plan, Profile & Typical Sections

LSG-FS-080-008 Power Waterway, Surge Shaft & Upper Erection & Gate Chamber, Layout &
Sections

LSG-FS-080-009 Power Waterway, Access Tunnel to Upper Erection & Gate Chamber / Access
Tunnel to Surge Shaft, Plan, Profile & Typical Section / Rock Support

LSG-FS-080-010 Power Waterway, Penstock & Lower Erection Chamber, Plan, Profile &
Typical Section

LSG-FS-080-011 Power Waterway, Tailrace Tunnel & Tailrace Outlet Structure, Profile &
Typical Section

LSG-FS-080-012 Power Waterway, Rock Support Classes, Headrace Tunnel & High Pressure
Tunnel

LSG-FS-080-013 Power Waterway, Rock Support Classes, Gabarband Intake Tunnel

LSG-FS-080-014 Power Waterway, Rock Support Classes, Surge Shaft

LSG-FS-080-015 Power Waterway, Rock Support Classes, Pressure Shaft

LSG-FS-080-016 Power Waterway, Rock Support Classes, Penstock

LSG-FS-080-017 Power Waterway, Rock Support Classes, Tailrace Tunnel

LSG-FS-080-018 Power Waterway, Final Lining Classes, Typical Sections

13.1 Introduction and General Layout

This chapter describes the civil structures of the Power Waterway design. More detailed design
criteria and comprehensive calculations performed as basis for the Feasibility Study design are
compiled in Volume 7 – Project Design.

The Power Waterway is located on the right side of the Spat Gah valley. It connects the intake
area at the Lower Spat Gah Headworks with the Tailrace Tunnel Outlet Structure in the Indus
River valley. An additional lateral intake tunnel is connected to the Headrace Tunnel and will divert
water from the Gabarband valley.

The Power Waterway consists of the following sub-structures:

 Forebay including intake,

 Headrace Tunnel,

 Lower Gabarband intake tunnel including maintenance valve at its downstream end,

 Surge Shaft,

 Emergency gate valve,

 Pressure Shaft,

 High Pressure Tunnel,

 Tailrace Tunnel.
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The main characteristics of the Power Waterway are given in Table 13-1.

Table 13-1: Main characteristics of the Power Waterway

Headrace Tunnel (HRT)

Length 10,894 m (start after inlet to Upper Erection and Gate
Chamber), thereof:

- 9,457 m concrete lining
- 626 m foil lining
- 724 m steel lining
- 87 m steel at Gabarband crossing

Slope 1.5/12.0/0.75%

Flow conditions Pressurised flow

Excavation method Drill and Blast

Tunnel profile Horseshoe

Excavation diameter 6.50 - 6.90 m

Lining type Concrete and steel lined sections

Lining thickness 0.50 m

Inner lining diameter 5.30 m

Invert level at forebay 1,486.35 m asl

Invert level at Pressure Shaft 1,259.05 m asl

Gabarband Intake Tunnel

Length 2,364 m (portal to chamber)

Slope 9.2%

Flow conditions Free-flow in upstream part and pressurised flow in
downstream part of pipe

Excavation method Drill and Blast

Tunnel profile Horseshoe

Lining type Shotcrete
GRP pipe on the side

Pipe diameter GRP pipe 2.1/1.9/1.7 m
Steel pipe 1.5 m

Pipe invert level at forebay 1,548.50 m asl

Pipe invert level at start
chamber

1,335.11 m asl

Surge Shaft

Bottom elevation 1,259.03 m asl

Top elevation 1,653.00 m asl (invert adit)

Slope Vertical

Excavation method Drill and Blast

Shaft profile Circular
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Excavation diameter 7.50 - 8.00 m

Lining type Concrete lining

Lining thickness 0.50 m

Inner lining diameter 6.50 m

Pressure Shaft

Length 463 m (bottom upper chamber to top lower chamber)

Slope Vertical

Flow conditions Pressurised flow

Excavation method Drill and Blast

Shaft profile Circular

Excavation diameter 5.30 - 5.50 m

Lining type Steel lining

Inner lining diameter 4.00 m

High Pressure Tunnel

Length 69 m (lower erection chamber to first bifurcation)

Slope 0.5%

Flow conditions Pressurised flow

Excavation method Drill and Blast

Tunnel profile Horseshoe

Excavation size Same as HRT

Lining type Steel lining

Inner lining diameter 4.00 m

Invert level at Pressure Shaft 763.90 m asl

Invert level at penstock 763.61 m asl

Penstocks

Length D=3.25 m: 27 m / D=2.3 m: 133 m

Slope 0.5%

Flow conditions Pressurised flow

Excavation method Drill and Blast

Tunnel profile Horseshoe

Excavation size Same as HRT

Lining type Steel lining

Inner lining diameter 3.25/2.3 m

Tailrace Tunnel (TRT)

Length 1,312 m (from pit below unit 3 to outlet structure)

Slope 0.1%

Flow conditions Free-flow

Excavation method Drill and Blast
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Tunnel profile Horseshoe

Lining type Concrete lining

Lining thickness 0.50 m

Inner lining diameter 6.50 m / 7.50 m

Invert level outlet structure 756.32 m asl

13.2 Design Criteria

The Power Waterway shall comply with the criteria listed in the following sections.

13.2.1 Functional Design Criteria

1. The Power Waterway shall convey water from the Lower Spat Gah Headworks desander
and the Lower Gabarband Intake desander to the Powerhouse. The alignment, cross
sections, excavation concept and lining concept of the waterways will be optimised to
achieve reliability over the requested design life and to maximise the overall economic
benefit considering construction cost, maintenance cost, energy delivery and operational
aspects.

2. In order to prevent air entrainment into the Headrace Tunnel and the draining of the
Lower Spat Gah forebay, the control system shall initiate an emergency shutdown when
the water level in the Lower Spat Gah forebay reaches MOL.

3. A concept for permanent access to the tunnels for inspections and maintenance shall be
incorporated into the design.

4. A maintenance and emergency valve shall be incorporated into the design at the
downstream end of the Headrace Tunnel.

5. A maintenance and emergency valve shall be incorporated into the design at the junction
of the Gabarband Intake Tunnel with the Headrace Tunnel.

6. All tunnel cross sections shall be determined with an economic optimisation.

13.2.2 Hydraulic Design Criteria

13.2.2.1 Determination of Forebay Volume and Operation Levels

1. The Lower Spat Gah Headworks (flushing channels, reservoir, intake, desander basins
and forebay) shall be designed to ensure sub-critical flow between the forebay and the
reservoir.

2. The Gabarband Intake Tunnel invert shall be chosen to ensure hydraulic decoupling of the
forebay and the desander during normal operation. The Lower Gabarband forebay volume
shall be chosen in a way that the water from the Gabarband Intake Tunnel does not
backflow into the desander basins under transient conditions.

3. The critical submergence of the Headrace Tunnel intake shall be determined by the Knauss
condition based on the MOL. The Knauss condition is defined in Figure 13-1.

4. The minimum pressure above the Power Waterway crown shall not be less than 6.0 m
during transient load cases.
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Figure 13-1: Knauss condition for intake submergence (reprinted from Knauss)

13.2.2.2 Vertical Setting of Tunnel Alignment

1. The vertical setting of the Headrace Tunnel shall be determined in order to (i) provide
sufficient submergence of the intake at the MOL; (ii) prevent any negative pressures
within the Power Waterway; (iii) prevent fully draining the Surge Shaft at maximum down
surge; and (iv) prevent high internal pressure at the Headrace Tunnel valve excluding the
use of a butterfly valve.

2. In addition to the hydraulic aspects outlined in the above item, the vertical layout of
underground structures shall be chosen in order to minimise costs and risks with regard
to rock support and hydraulic confinement.

13.2.2.3 Transient Design

1. The mechanical part of the generating equipment of the Project consists of Pelton
turbines.

2. The following standard load cases shall be considered for the design of the Power
Waterway, Surge Shaft and of the hydro-mechanical equipment:

o Standstill to full load,

o Full load rejection,

o Turbine opening and closing to and from critical nozzle stroke,

o Emergency closure with main inlet valves,

o Full load rejection and subsequent full load acceptance at the highest inflow
discharge from the Surge Shaft,

o Full load acceptance and subsequent full load rejection at the highest outflow
discharge from the Surge Shaft,

o Full load acceptance and subsequent full load rejection at the highest inflow
discharge into the Surge Shaft,

To remain consistent with the 2010 Feasibility Study, the two following exceptional load
cases have also been evaluated to determine the highest and lowest pressures and Surge
Shaft water levels:

o Full load rejection and subsequent full load acceptance at the highest outflow
discharge from the Surge Shaft and subsequent load rejection at the highest
inflow discharge to Surge Shaft,

o Full load acceptance and subsequent full load rejection at the highest inflow
discharge into the Surge Shaft and subsequent full load acceptance at the
highest outflow from the Surge Shaft.
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3. The boundary conditions for each load case shall be chosen so that the most critical
condition to be investigated with each load case is achieved.

4. The arrangement of the Surge Shaft is to be designed so that Thoma criterion is satisfied
with a safety factor of 1.9.

13.2.2.4 Roughness

The design values for hydraulic roughness of the wetted perimeter of the waterways in Table 13-2
will be applied. The design values for hydraulic roughness generally presume good workmanship
and internationally accepted construction practices as may be expected from an experienced
Contractor.

Table 13-2: Design values for equivalent sand grain roughness

Surface Equivalent Sand Grain Roughness
In-situ concrete lining 0.6 mm

Steel lining 0.06 mm
GRP Pipe 0.1 mm

13.2.2.5 Flow Velocities in Waterways

1. The maximum flow velocity of concrete lined tunnel sections shall not exceed 4 m/s.

2. The maximum flow velocity of steel lined tunnel and shaft sections shall not exceed 7 m/s.

13.2.3 Tunnel Diameter and Construction Issues

1. The minimum excavation diameter of the tunnel shall be chosen so that: (i) construction
ventilation can be provided with reasonable measures, (ii) efficient equipment can be
utilised for the construction works, (iii) overall construction cost and duration are
optimised, and (iv) volume of concrete is minimised.

2. Adits shall be included in the design if they are required for any of the following purposes:
(i) construction feasibility or optimisation, (ii) achievement of key dates in the overall
Project implementation schedule and (iii) to indicate access roads, spoil areas and
installation areas on the drawings for inclusion in environmental impact assessments and
in concession agreements.

3. Adits shall be located to optimise the length of drives for each face in order to meet the
Project overall construction schedule. Adit portals shall be located in favourable geological
conditions and as close to existing roads and usable installation areas as possible above
flood water level. The length of adits shall be kept to a minimum. The longitudinal slope
of adits shall not exceed 12% for the current design phase, except where clearly justified
for construction optimisation.

4. Adit portals shall be located in such a way that they are safe against the 50-year flood, in
line with the design criteria of the access roads.

5. A minimum longitudinal slope of 0.5% shall be provided to ensure gravity drainage during
excavation whenever possible

13.2.4 Design Criteria for Excavation and Primary Support

This chapter describes the design methods that will be used in the design of underground works
and rock mechanics issues. In general, the design of underground and surface excavations is done
according to the recommendations for Geotechnical design given by the Austrian Society for
Geomechanics (ÖGG).
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13.2.4.1 Excavation Procedure

All underground structures, tunnels, shafts and caverns are planned to be excavated by drill and
blast according to the New Austrian Tunnelling Method (NATM). The New Austrian Tunnelling
Method constitutes a method where the surrounding rock or soil formations of a tunnel are
integrated into an overall ring-like support structure.

While driving a tunnel, the existing primary balance of forces in the rock mass will be changed
into a new secondary and also stable state of balance. This can only be achieved through a
succession of intermediate stages accompanied by various stress redistribution processes. The
NATM aims at getting under control these transitional processes, while still taking into account
economic and safety considerations. The method also wants to check rock deformation on the
following lines.

 On the one hand, deformation should be kept to a minimum so that the primary state of
stability and the compressive strength of the rock are not weakened more than is
inevitable,

 On the other hand, deformation is actually wanted to the extent that the rock formation
itself acts as an overall ring-like support structure, thus minimising costs for excavation
and supports.

13.2.4.2 Implementation

The NATM treats the ground surrounding the tunnel or other underground structure not just as a
load, but as a load-bearing element of support. In combination with the time-dependent
development of ground reactions as a result of tunnel excavation, the type and quantity of the
support elements required are systematically adjusted. The ground reactions, taking the form of
lining deformations and lining pressures, are measured and the stability of the excavation is
confirmed by frequent monitoring.

The cross-section shape of the tunnel and also changing of the tunnel shape along the alignment
is not constrained by the method allowing the shape optimised for the stress distribution, but also
for the final tunnel serviceability. Also, the local changing of the tunnel shape such as junctions
and niches can be constructed easily and without big additional effort.

Typical support activities in NATM are the systematic application of shotcrete and rock anchors to
allow controllable deformation of the rock mass. Steel ribs or lattice girders provide limited
support before the shotcrete hardens and ensure correct profile geometry. Face bolts sealing
shotcrete, spiles or pipe canopies are installed in ground conditions where the stability of the
excavation face cannot be achieved and a support in-front the excavation face is required.

In case of expected large deformations caused by bed ground conditions or high overburden,
longitudinal gaps in the shotcrete lining can be ordered allowing bigger deformation of the lining
without overstressing. With so-called lining stress controller elements installed in the gaps in the
shotcrete lining a controlled load transfer between shotcrete arches and better bearing capacity
can be achieved.

13.2.4.3 Rock Support System for Tunnels

The rock support for the tunnels has been calculated with the ground reaction / support interaction
method, developed by Fenner (1968) and Pacher (1964) as schematically shown in Figure 13-2.
This method allows the calculation of the applied support measure (shotcrete, steel sets, yield
steel elements) and the required rock bolt length.
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Figure 13-2: Principles of the ground reaction / support interaction curves (Müller 1978)

where:

r Radial stress at the excavation surface

pi Strength of support resistance

ΔR Radial deformation at the excavation surface

Curve I Ground reaction

Curve II Ground reaction including dilatation

Curve III, IV,V Excavation support lines

13.2.5 Concrete Lining

13.2.5.1 Confinement Criteria

The confinement criteria defined by the tunnel cover requirements need to suppress hydro-jacking
of the surrounding rock mass. Leaking water can cause hydro-jacking of the surrounding rock
mass if the confinement (the ability of rock mass to withstand internal pressure) is too low.
Leaking water in case of unlined tunnels or lined with shotcrete or plane and reinforced, therefore,
cannot be omitted. The minimal in-situ stress in the rock mass, independent of the direction, must
be higher than the maximal internal water static pressure in the tunnel. Under such conditions
leaked water will not be able to open existing joints and discontinuities causing higher water
losses or possible instabilities on the surface.

The minimal state of stress is mostly unknown at the beginning of the design and the tunnel
layout is checked for confinement by one of the rock cover criteria. For a power tunnel situated
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in a mountain flank or a ridge, the confinement criteria become a critical issue for alignment and
also for the design and selection of the lining system. In the early stage of the Project the minimal
primary stress min,rock and the direction of the joint systems are mostly unknown and the
confinement criteria can be written in the form defined as a safety factor SF:

𝑆𝐹 =
𝜎𝑚𝑖𝑛,𝑟𝑜𝑐𝑘

𝜎max(𝑝𝑖)
≈
𝛾𝑟ℎ𝑟𝑘0
𝛾𝑤ℎ𝑤

Where:

max(pi): maximum stress outside the tunnel caused by leakage water (MPa)

r: unit weight of the rock mass (kN/m3)

w: unit weight of the water (kN/m3)

hr: overburden height (m)

hw: distance from the tunnel axis to the maximal static water pressure in the tunnel

k0: ratio between the minimum and maximum in-situ primary state of stress

Under the condition that the direction of the joints and the minimal primary stress is not known
and the minimal primary state of stress in flank or ridge has approximately half the value of the
vertical stress defined by overburden height, the criteria can be visualised as a circle around the
tunnel with a radius similar to the internal water head hw. If such a circle does not intersect the
rock surface, the criteria are satisfied with a factor of safety of approximately 1.25 (SF=r k0 /
w) in the static case. The required radius (minimum distance to the ground surface) is then
calculated as follow.

𝑅𝑚𝑖𝑛,𝑟𝑜𝑐𝑘 =
𝑆𝐹 × 𝛾𝑤 × ℎ𝑤

𝑘0 × 𝛾𝑅
which is basically a development of the minimum stress criteria after Schleiss (1988). Such simple
geometric consideration simplify the alignment design in the first Project stages and should be
carefully analysed in detail during the following stages by in-situ tests (e.g. hydro fracturing)
tests. Therefore, the length of the steel lining shall be viewed with caution at the Feasibility Study
stage and it cannot be ruled out that the length may have to be increased at a later design stage
based on the results of the in-situ tests.

On the portion of the tunnel where the confinement criteria are not satisfied, a tight tunnel lining
has to be designed. In the transition zone a section with a thin tightening element – plastic foil,
fiberglass or thin steel lining – can be used as a cost-saving alternative to relatively expensive
steel lining.

13.2.5.2 Rock Mass Resistant on Erosion and Slaking

In case the tunnel is unlined or lined by shotcrete lining, the surrounding rock mass will be
exposed to the oscillating water pressure. Oscillation of the water pressure and water circulation
into and out of the tunnel can cause washing out of the joint fillings or slaking of the surrounding
rock mass.

Such a process is not favourable for the tunnel stability and may cause degradation of the integrity
of the tunnel surrounding and instabilities on the tunnel walls resulting in serious problems in the
operation.

13.2.6 Concrete Lining and Water Loss Criteria

For the design of the Power Waterway final lining concept, the geological knowledge is essential
but is not limited to the parameters crucial for the excavation and primary support. The design
process also requires an understanding of a number of geological variables including rock modulus
and strength, rock mass permeability, the resistance of rock mass to erosion and slaking, the
minimal in-situ rock stress and ground-water levels in operation. These additional design key
parameters are specified in Table 13-3.
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Therefore, an exploration programme for the design of the Power Waterway will have to be
prepared during the Detailed Design phase with special care and with sufficient time for the
definition of all required design parameters. The design parameters will have to be verified and
confirmed/updated during the construction period. Restrictions in the exploration programme and
insufficient time for their realisation during the pre-construction phase could later lead to cost
overruns or operational problems.

Table 13-3: Some of the design key parameters different in primary support and final lining design

Primary Support Design Final Lining Design
Primary state of stress Minimal primary stress
Strength of rock mass Deformability of rock mass

Maximal groundwater level Minimal groundwater level
Water inflow in the tunnel Permeability of rock mass

A number of fundamental design criteria and other important considerations have to be defined,
identified and selected during the design phase. In Figure 13-3, a flow chart defining design
criteria that has to be proved during the Power Waterway design, resulting in a suggested final
lining type is presented. The flowchart can be applied to each section along the Power Waterway
and has to be included in the design of the vertical and horizontal tunnel alignment.

Figure 13-3: Geotechnical Power Waterway design considerations (Marence 2009)

An important criterion for the design of the concrete tunnel lining is the amount of water that
could leak out of the tunnel in operation. Leaked water could not only be a problem for the rock
mass around the tunnel but also represents lost water and at the end lost energy that could be
generated. Therefore, often pressurised concrete lined tunnels means technically tight tunnel
lining. The technically tight tunnel is a tunnel where the losses along the concrete lined sections
are less than 1-2 l/km/s/bar.
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13.2.7 Design Criteria for Steel Lining

13.2.7.1 General

The steel penstock is used as a lining of the waterway where the surrounding rock mass is no
longer sufficient to withstand the internal pressure loading. The steel penstocks can be
constructed as free-standing penstocks or embedded in the concrete and surrounding rock mass.
In the case of the embedded penstock, the load from the internal water pressure could be carried
by the steel pipe alone or by the steel and surrounding concrete and rock mass depending on
their stiffnesses.

The design of the penstock is determined by guidelines of the steel construction and traditionally
takes place with the involvement of the cooperative for workload cases, exceptional load cases
and disaster load cases. Of course, it is only possible to take into account the effect of the impact
if the steel material used and the weld metal is characterised as having sufficient expansion
behaviour (uniform elongation, impact strength, fracture toughness).

For the static dimensioning of the penstock pipe on internal pressure, proofs of tension according
to the global safety concept are traditionally carried out by means of the following two stress
categories:

 Verification of primary stresses (I): refers to the equilibrium stress and membrane
stresses from global constraints (such as the membrane stresses of the pipe under
internal pressure, as well as those from transverse contraction or temperature change).

 Verification of secondary stresses (II): relates to the sum of the stresses resulting from
equilibrium and compatibility conditions (such as the membrane plus bending stresses in
the pipe wall on a stiffening ring or segmental bend) as determined by elasticity theory.

The design for external groundwater pressure is based on the buckling evidence according to
Jacobsen/Amstutz. For the load case groundwater pressure, boundary conditions are defined
project-specific (safety factor for exposure, out of roundness, gap width between steel lining and
surrounding backfill concrete). In case that the designed smooth pipe cannot resist the external
pressure, steel stiffening rings have to be installed. Reduction of the external pressure could also
be achieved by pressure relief valves. The pressure relief valve has a characteristic that is tight
from inside to outside, but relief water in the pipe if the pressure outside pipe is higher than the
pressure inside the pipe.

13.2.7.2 Application of Confinement Criterion for Steel Lined Sections

Checking of the tunnel alignment and the related overburden was done with the confinement
criteria to determine the required steel liner length in the tunnel alignment at the Gabarband
Crossing and confirm that no additional steel liner is needed in the Headrace Tunnel except
downstream of the Surge Shaft.

13.2.7.3 Design Requirements

Minimal steel thickness

The minimal steel thickness is calculated according the US Bureau of Reclamation:

𝑠𝑚𝑖𝑛 =
𝐷𝑖

400 + 2 𝑚𝑚

where:

smin minimum steel thickness (mm)

Di internal diameter (mm)
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Internal water pressure

For the inner pressure the envelope of the maximum pressure lines for several load cases is used
for the design of the steel lining. The calculations for the internal water pressure are executed
using the method of Seeber (1982).

External water pressure

For the external pressure line the assumed groundwater pressure is extracted from the geological
investigations.

The calculations for the external water pressure are executed using the method of Amstutz
(1969). Depending on the external water pressure, stiffener rings are used. The safety factor
against buckling has to be at least 1.5. For calculating the gap occurring from the cooling-effect
during filling, a temperature difference of ∆T = 25° C is assumed. The resulting relative gap is
0.0003.

In the absence of reliable/direct information, the groundwater pressure was taken at the elevation
of the natural ground to be on the safe side. This might be optimised at a later stage based on
the results of drillholes and ground water measurements.

Surrounding rock mass

For the calculation the surrounding rock module (given by geological investigations) is reduced.
The reduced module chosen for calculation is 5.0 GPa which is a conservative assumption based
on the available geological data.

Secondary, the lining is also conservatively checked not taking the surrounding rock into account,
due to failure. This calculation is an extreme load condition with reduced safety factors for the
lining design.

Corrosion margin

Additional to the calculated lining thickness a corrosion margin of 1 mm is added.

Injections

The injection pressure between the steel lining and the fill concrete (contact grouting) is at least
3 bars to ensure a good performance.

13.2.7.4 Steel Lining Material

The steel qualities in Table 13-4 have been considered for the pre-design of the steel lining. The
following additional values are used:

E-modulus: Est = 210,000 N/mm²

Poisson: ν = 0.33

Table 13-4: Steel specification

Steel Quality Thickness t
(mm)

Minimum Yield Strength for
Calculation σy

(N/mm²)

Upper Yield Point (min.)
ReH

(N/mm²)

S460M
≤ 16
≥ 17

460
440

460

S550M
≤ 16
≥ 17

550
530

550
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13.2.7.5 Load Cases and Safety Factors

Internal water pressure

The calculations for the steel lining are executed for two main load cases. One is taking the
surrounding rock into account (usual load case). The second load case foresees that the
surrounding rock mass fails (extreme load case). Therefore the safety factors in Table 13-5 are
used.

Table 13-5: Safety factors

Section Usual Load
Cases

Extreme Load
Cases

Headrace Tunnel, Pressure Shaft and
High Pressure Tunnel 1.5 1.1

Penstock 2 -

External water pressure

The safety factor against buckling is independent of the load case and has to be at least 1.5.

13.2.8 Initial Filling and Dewatering of the Waterway

Initial filling and also dewatering of the tunnel both represent critical loading cases for the tunnel
lining. Therefore the processes have to be performed with special care and in predefined steps.

For the filling and also dewatering of the Power Waterway a pressure change of 2-3 bar in 24
hours is suggested. Normally this means filling of 20-30 m height of the Power Waterway in 12
hours and 12 hours waiting time for consolidation. If possible, especially in the horizontal tunnel
sections, during the 12 hours waiting time the losses could be measured in the Surge Shaft.

13.2.9 Emergency Closing

The pressurised Power Waterway is equipped with four emergency closing systems including a
wheel intake gate at the Lower Spat Gah Headworks and at the Lower Gabarband Intake, a
butterfly valve at the top of the Pressure Shaft, a butterfly valve at the downstream end of the
Gabarband Intake Tunnel and three Powerhouse spherical valves.

All seven gates have emergency and operational functions. The intake gates close the entire Power
Waterway and disconnect the two reservoirs from the Power Waterway. After emptying of the
Power Waterway inspections are possible along the entire tunnel length with four possible access
points (Lower Spat Gah forebay, Lower Gabarband Intake forebay, Gabarband crossing adits and
Upper Erection and Gate Chamber).

The Powerhouse valves disconnect the turbine from the Power Waterway and allow turbine
maintenance.

The gate situated in the Upper Erection and Gate Chamber directly downstream of the Surge Shaft
has a safety function and disconnects the Pressure Shaft and the High Pressure Tunnel from the
Headrace Tunnel. In case of failure in the steel penstock the water situated in the long Headrace
Tunnel will not flow out and additionally endanger the steep mountain flank with the penstock
and Powerhouse. With this valve, it will also be possible to inspect the steel lined section of the
Pressure Shaft without having to dewater the Headrace Tunnel. The valve has to be equipped
with aeration valves working in both directions opening in case of under pressure (fast emptying)
and air evacuation during the penstock filling.

13.3 Tunnel Alignment

During the Inception Phase, several tunnel layouts were studied and a preferred alignment was
chosen which enables on the one hand a relatively short connection between Powerhouse and
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intake, but on the other hand considers local geological and geomorphological settings (faults,
lineaments, valley crossings, overburden) as far as possible.

13.3.1 Changes Since Previous Design Phase

The excavation of the Headrace Tunnel in the 2010 Feasibility Study was elaborated for both TBM
and D&B design solutions. The alternative had a Headrace Tunnel length of approximately 12.6 km
and crossed the Gabarband valley next to the Lower Gabarband Intake location. Therefore, no
intake tunnel was required and a small vertical shaft as previously foreseen was sufficient. A
major disadvantage of this alternative was the long tunnel alignment section parallel to the
lineament 4.

The new layout is an optimised tunnel alignment with regards to geological risk, constructability,
internal pressure and construction time. The tunnel routing is feasible for D&B as well as for TBM
excavations.

For this study, the D&B (NATM) methodology was selected. A main advantage besides the low
internal pressure over the whole Headrace Tunnel length is the classification as medium geological
risk. Furthermore, the location of the Gabarband valley crossing has been designed to reduce the
required length of steel lining because of more favourable side burden.

13.3.2 Headrace Tunnel Forebay Portal

The location of the Headrace Tunnel portal is determined by the desander and the forebay of the
Lower Spat Gah Headworks.

13.3.3 Horizontal Alignment of Headrace Tunnel

Various different alternatives for the Power Waterway layout were evaluated during the
Alternatives Study and one has been selected as the preferred alternative, and is elaborated in
the Feasibility Study. The alignment at the Gabarband Crossing has been further optimised based
on the 2020/2021 geological investigation results.

The tunnel starts in the Spat Gah valley and diverts the water. The tunnel then runs relatively
straight for a distance of approximately 5.7 km through the first mountain, named Kiru Sequence.
The tunnel is then crossing the Gabarband valley between downstream of Thoki village. Here, the
Gabarband Crossing is located.

A cut and cover section of 86.5 m enables the crossing of the valley, and a steel lined section of
approximately 760 m is required because of the confinement criteria. Afterwards the Headrace
Tunnel is leading through the second mountain area, the Kamila Sequence, for a distance of about
5.1 km to the top of the Pressure Shaft.

13.3.4 Alignment of Gabarband Intake Tunnel

The Gabarband Intake Tunnel shall convey water from the Lower Gabarband Intake to the
Headrace Tunnel. The confluence point of both tunnels was chosen around chainage 5,400 m of
the Headrace Tunnel to minimise costs.

After excavation, a glass-reinforced plastic (GRP) pipe installed on supports on the side of the
tunnel is envisaged. The excavated cross section is 8.3 m wide and 5.65 m high and the width for
traffic will be 4.5 m.

13.3.5 Vertical Alignment

13.3.5.1 General

The vertical alignment can mainly be differentiated into four parts: the parts upstream of the
Powerhouse (cavern solution) are as described: a relatively long low-pressurised Headrace
Tunnel, a Pressure Shaft and a short High Pressure Tunnel to avoid highly stressed concrete
sections, high pressures at the emergency gate location and long steel lined sections to minimise
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cost. Downstream of the Power Cavern the water is flowing through a free-flow Tailrace Tunnel
with a constant inclination.

The vertical alignment has been determined under the consideration of the following factors:

 Lower Spat Gah forebay portal: Operating water levels of the forebay and required intake
submergence,

 Headrace Tunnel

o Crossing under the Gabarband valley to allow a cut-and-cover construction,

o A minimal elevation and thus maximal internal pressure at the downstream end
to allow the installation of a butterfly valve as the maintenance and emergency
valve.

 Surge Shaft junction: Sufficient submergence of the junction during down surges of the
Surge Shaft,

 Turbine axis elevation: The turbine axis elevation is set by the future Patan reservoir FSL
and the hydraulic conditions in the Tailrace Tunnel,

 Minimisation of total construction costs.

13.3.5.2 Elevation of Gabarband Crossing

The Gabarband Crossing is located at a centreline elevation of about 1,299.6 m asl.

13.3.5.3 Inclination of Headrace Tunnel

The inclination of the Headrace Tunnel is comprised between 1.5% at the beginning of the
Headrace Tunnel and 0.75% downstream of the Gabarband River crossing. A maximum slope of
12.0% has been allowed for the tunnel directly upstream of the Gabarband Crossing for
construction reasons in order to allow for efficient mucking and installation of concrete and steel
lining.

13.3.5.4 Elevation and Location of the Top and Bottom of the Pressure
Shaft

The Pressure Shaft consists of a vertical alignment with a total length of 494 m between the
Headrace Tunnel and High Pressure Tunnel centrelines. The top elevation is located at a centreline
elevation of 1,261.05 m asl and the bottom centreline elevation is 766.7 m asl.

The shaft height between the bottom of the Upper Erection and Gate Chamber at 1,256.05 m asl
and the top of the Lower Erection Chamber at 782.6 m asl is 473 m. The static pressure at the
top results to 24.4 bar and allows for a butterfly valve type for the maintenance and emergency
Headrace Tunnel valve.

13.3.5.5 High Pressure Tunnel

Right at the bottom of the vertical Pressure Shaft follows the horizontal High Pressure Tunnel with
an inclination of 0.5% and a length of 95 m from the Pressure Shaft axis to the first bifurcation.
The distance from the Lower Erection Chamber to the first bifurcation is 69 m.

13.3.5.6 Tailrace Tunnel

The Tailrace Tunnel is a free-flow tunnel. It is upwards inclined with 0.1% towards the
powerhouse. The invert elevation at the outlet structure is 756.32 m asl. The overall length from
the pit below unit 3 to the Tailrace Tunnel Outlet Structure is 1,302 m.

The tunnel has a horseshoe section with an inner height of 7.0 m and an invert width of 5.1 m.

The maximum flow velocity shall reach around 3 m/s for the design discharge. A maximum tunnel
filling degree of 70% is considered for the design discharge assuming an aged/slimed tunnel for
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the water surface profile calculation purposes. This is to address uncertainties, and accommodate
waves and surges created from the turbine flow splashing onto the tailrace pit water cushion.

13.3.6 Tailrace Outlet Structure

The structure is located on the Indus River with an invert elevation of 756.40 m asl. It is a
reinforced concrete structure founded on rock. The energy dissipation is partly achieved by means
of a reinforced stepped spillway. The bottom of the steps needs has been assumed at elevation
735 m asl based on preliminary water level information available to the Consultant but will have
to be confirmed during the Detailed Design phase based on records of water levels in the Indus
River during low flow season.

Stoplog slots are foreseen on both sides of the separation pier to be able to close the Tailrace
Tunnel for maintenance purposes in the event the Patan HPP is built in the future.

Figure 13-4: Outlet structure layout

Figure 13-5: Outlet structure section

13.4 Temporary Rock Support

The primary support definition follows the New Austrian Tunnelling Method (NATM) philosophy
and divides the rock mass dependent on the rock type, quality and overburden in five support
classes. The support measures used in the tunnel are the standard measures such as shotcrete
reinforced by welded wire meshes, rock bolts and in case of weak rock and large deformations
additionally steel arches and/or yielding elements. The use of fibre reinforced shotcrete is
currently not foreseen but may be proposed by the Contractor during construction to potentially
optimise cost and reduce construction time.
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The first three classes I, II and III are determined for good and sound rock, depending on the
overburden situation and geologic formation. The classes include a bottom slab for ease of
constructability.

Class IVa foresees longer anchors, more shotcrete efforts and a concrete slab for the invert and
is meant to be used in moderate squeezing conditions.

For the portal areas and zones of weaker rock and debris mass or transition areas of different
rocks a special class IVb with spiles is foreseen.

Class V is designed for fault zone material (which is to a certain grade expected) in combination
with high stress zones due to a large overburden, which is mainly the case in the Kiru Sequence
(overburden 1,500 – 1,800 m).

The support classes have been defined following the support/underground interaction curves for
the following tunnel sections. The detailed calculations are compiled in the Volume 7 – Project
Design, Annex 3.2.

 Headrace Tunnel,

 Gabarband Intake Tunnel,

 Pressure Shaft,

 Surge Shaft,

 Tailrace Tunnel,

 Main Access and Power Evacuation Tunnel ,

 Emergency and Ventilation Tunnel.

13.4.1 Headrace Tunnel

The support classes for the Headrace Tunnel are defined in Table 13-6.

Table 13-6: Rock support classes for Headrace Tunnel

Rock Support Class Rock Support

I - Maximum excavation length 3.0 m
- Spot bolting, 3.0 m long bolts
- 5 cm shotcrete in the crown area for safety reasons

II - Maximum excavation length 3.0 m
- Systematic bolting with 3.0 m long bolts, pattern 2.0*2.0 m in

crown
- Spot bolting in walls
- 7.5 cm shotcrete in the crown area, 1 layer wire mesh

III - Maximum excavation length 3 m
- Systematic bolting with 3.0 m long bolts, pattern 1.5*1.5 m in

crown and walls
- 10 cm shotcrete in crown and walls, 1 layer wire mesh

IVa - Maximum excavation length 2.0 m
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m in

crown and walls
- 15 cm shotcrete in crown and walls, 2 layer wire mesh
- 20 cm reinforced concrete invert slab (flat)

IVb - Support anchors shotcrete) as IVa
- Additional: spiles in roof, l = 4.00 m, s = 30 cm
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V - Maximum excavation length 1.0 m
- Separate top (heading) and bench excavation
- Systematic bolting with 5.0 m long bolts, pattern 1.0*1.0 m in

crown and walls
- 30 cm shotcrete in crown and walls, 2 layer wire mesh
- 30 cm reinforced concrete invert slab (curved)
- Steel profiles, TH36
- If required: yielding elements (deformation gaps) in shotcrete

13.4.2 Gabarband Intake Tunnel

The support classes for the Gabarband Intake Tunnel are defined in Table 13-7.

Table 13-7: Rock support classes for Gabarband Intake Tunnel

Rock Support Class Rock Support

I - Maximum excavation length 3.0 m
- Spot bolting, 4.0 m long bolts
- 5 cm shotcrete in the crown area for safety reasons

II - Maximum excavation length 3.0 m
- Systematic bolting with 4.0 m long bolts, pattern 2.0*2.0 m in crown
- Spot bolting in walls
- 7.5 cm shotcrete in the crown area, 1 layer wire mesh

III - Maximum excavation length 3 m
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 10 cm shotcrete in crown and walls, 1 layer wire mesh
- 15 cm reinforced concrete invert slab (flat)

IVa - Maximum excavation length 2.0 m
- Systematic bolting with 5.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 15 cm shotcrete in crown and walls, 2 layer wire mesh
- 30 cm curved shotcrete invert, 2 layer wire mesh

IVb (portal) - Support anchors shotcrete) as IVa
- Additional: spiles in roof, l = 4.00 m, s = 30 cm

V - Maximum excavation length 1.0 m
- Separate top (heading) and bench excavation
- Systematic bolting with 5.0 m long bolts, pattern 1.0*1.0 m in crown

and walls
- 30 cm shotcrete in crown and walls, 2 layer wire mesh
- 30 cm curved shotcrete invert, 2 layer wire mesh Steel profiles every

1.0 m, TH36
- If required: yielding elements (deformation gaps) in shotcrete

13.4.3 Pressure Shaft

The support classes for the Pressure Shaft are defined in Table 13-8.
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Table 13-8: Rock support classes for Pressure Shaft

Rock Support Class Rock Support
I - Maximum excavation depth 2.0 m

- 7.5 cm around circumference, 1 layer wire mesh
- Systematic bolting with 2.0 m long bolts, pattern 2.0*2.0 m

II - Maximum excavation depth 1.5 m
- 10 cm around circumference, 1 layer wire mesh
- Systematic bolting with 2.0 m long bolts, pattern 1.5*1.5 m

III - Maximum excavation depth 1.5 m
- 15 cm around circumference, 2 layer wire mesh
- Systematic bolting with 3.0 m long bolts, pattern 1.5*1.5 m

IV - Maximum excavation depth 1.0 m
- 25 cm around circumference, 2 layer wire mesh
- Steel profiles; HEB 200
- Systematic bolting with 3.0 m long bolts, pattern 1.0*1.0 m

13.4.4 Surge Shaft

The support classes for the Surge Shaft are defined in Table 13-9.

Table 13-9: Rock support classes for Surge Shaft

Rock Support Class Rock Support
I - Maximum excavation depth 2.0 m

- 7.5 cm around circumference, 1 layer wire mesh
- Systematic bolting with 4.0 m long bolts, pattern 2.0*2.0 m

II - Maximum excavation depth 1.5 m
- 10 cm around circumference, 1 layer wire mesh
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m

III - Maximum excavation depth 1.5 m
- 15 cm around circumference, 2 layer wire mesh
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m

IV - Maximum excavation depth 1.0 m
- 25 cm around circumference, 2 layer wire mesh
- Steel profiles; HEB 200
- Systematic bolting with 5.0 m long bolts, pattern 1.0*1.0 m

13.4.5 Tailrace Tunnel

The support classes for the Tailrace Tunnel are defined in Table 13-10.

Table 13-10: Rock support classes for Tailrace Tunnel

Rock Support Class Rock Support

I - Maximum excavation length 3.0 m
- Spot bolting, 4.0 m long bolts
- 5 cm shotcrete in the crown area for safety reasons

II - Maximum excavation length 3.0 m
- Systematic bolting with 4.0 m long bolts, pattern 2.0*2.0 m in crown
- Spot bolting in walls
- 7.5 cm shotcrete in the crown area, 1 layer wire mesh
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III - Maximum excavation length 3 m
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 10 cm shotcrete in crown and walls, 1 layer wire mesh

IVa - Maximum excavation length 1.5 m
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 15 cm shotcrete in crown and walls, 2 layer wire mesh
- 20 cm reinforced concrete invert slab (flat)

IVb - Support anchors shotcrete) as IVa
- Additional: spiles in roof, l = 4.00 m, s = 30 cm

V - Maximum excavation length 1.0 m
- Separate top (heading) and bench excavation
- Systematic bolting with 5.0 m long bolts, pattern 1.0*1.0 m in crown

and walls
- 25 cm shotcrete in crown and walls, 2 layer wire mesh
- 25 cm reinforced concrete invert slab (curved)
- Steel profiles, TH36
- If required: yielding elements (deformation gaps) in shotcrete

13.4.6 Main Access and Power Evacuation Tunnel of Power Cavern

The support classes for the Main Access and Power Evacuation Tunnel are defined in Table 13-11.

Table 13-11: Rock support classes for Main Access and Power Evacuation Tunnel to Power Cavern

Rock Support Class Rock Support
I - Maximum excavation length 3.0 m

- Spot bolting, 4.0 m long bolts
- 5 cm shotcrete in the crown area for safety reasons

II - Maximum excavation length 3.0 m
- Systematic bolting with 4.0 m long bolts, pattern 2.0*2.0 m in crown
- Spot bolting in walls
- 7.5 cm shotcrete in the crown area, 1 layer wire mesh

III - Maximum excavation length 3 m
- Systematic bolting with 4.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 10 cm shotcrete in crown and walls, 1 layer wire mesh

IVa - Maximum excavation length 1.5 m
- Systematic bolting with 5.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 15 cm shotcrete in crown and walls, 2 layer wire mesh
- 20 cm reinforced concrete invert slab (flat)

IVb - Support anchors shotcrete) as IVa
- Additional: spiles in roof, l = 4.00 m, s = 30 cm

V (if necessary) - Maximum excavation length 1.0 m
- Separate top (heading) and bench excavation
- Systematic bolting with 5.0 m long bolts, pattern 1.0*1.0 m in crown

and walls
- 25 cm shotcrete in crown and walls, 2 layer wire mesh
- 25 cm reinforced concrete invert slab (curved)
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- Steel profiles, TH36
- If required: yielding elements (deformation gaps) in shotcrete

13.4.7 Emergency and Ventilation Tunnel to Power Cavern

The support classes for the Emergency and Ventilation Tunnel to the Power Cavern are defined in
Table 13-12.

Table 13-12: Rock support classes for Emergency and Ventilation to Power Cavern

Rock Support Class Rock Support
I - Maximum excavation length 3.0 m

- Spot bolting, 2.5 m long bolts
- 5 cm shotcrete in the crown area for safety reasons

II - Maximum excavation length 3.0 m
- Systematic bolting with 2.5 m long bolts, pattern 2.0*2.0 m in crown
- Spot bolting in walls
- 7.5 cm shotcrete in the crown area, 1 layer wire mesh

III - Maximum excavation length 3 m
- Systematic bolting with 2.5 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 10 cm shotcrete in crown and walls, 1 layer wire mesh

IVa - Maximum excavation length 2.0 m
- Systematic bolting with 3.0 m long bolts, pattern 1.5*1.5 m in crown

and walls
- 15 cm shotcrete in crown and walls, 2 layer wire mesh
- 20 cm reinforced concrete invert slab (flat)

IVb - Support anchors shotcrete) as IVa
- Additional: spiles in roof, l = 4.00 m, s = 30 cm

V (if necessary) - Maximum excavation length 1.0 m
- Separate top (heading) and bench excavation
- Systematic bolting with 3.0 m long bolts, pattern 1.0*1.0 m in crown

and walls
- 30 cm shotcrete in crown and walls, 2 layer wire mesh
- 30 cm reinforced concrete invert slab (curved)
- Steel profiles, TH36
- If required: yielding elements (deformation gaps) in shotcrete

13.4.8 Rock Support Class Distribution Forecast

In Table 13-13 to Table 13-17 the assumed excavation class distribution is given. The tables are
compiled from upstream to downstream. The rock support distribution has been estimated based
on the available geological information, overburden, presence of pre-identified faults based on
satellites information and the tunnel rock support measures.

The rock support class distribution forecast is also shown on the related geological drawing.
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Table 13-13: Rock support distribution Headrace and Tailrace Tunnels

Formation Length
(m)

Support Class Distribution
(%)

I II III IVa IVb V

Headrace Tunnel (excluding 45 m Gabarband Crossing in RMT 2)

RMT 2 (Mandraza Amphibolit, Kiru Seq.) 5,734 20 42 30 4 2 2

RMT 1 (Keyal Gabbro, Kiru Seq.) 1,623 18 18 27 17 10 10

RMT 3 (Amphibolites, Kamila Seq.) 2,472 10 40 35 9 3 3

RMT 4 (Plagioclase granite, Kamila Seq.) 979 20 40 18 10 6 6

Tailrace Tunnel

RMT 4 (Plagioclase granite, Kamila Seq.) 1,285 20 40 18 10 6 6

Table 13-14: Rock support distribution vertical shafts

Formation Length
(m)

Support Class Distribution
(%)

I II III IV

Pressure Shaft

RMT 4 (Plagioclase granite, Kamila Seq.) 463 m 60 30 8 2

Surge Shaft

RMT 4 (Plagioclase granite, Kamila Seq.) 395 m 40 50 8 2

Table 13-15: Rock support distribution High Pressure Tunnel

Formation Length
(m)

Support Class Distribution
(%)

I II III IVa IVb V

RMT 4 (Plagioclase granite, Kamila Seq.) 69 m 10 34 34 10 6 6

Table 13-16: Rock support distribution Main Access and Power Evacuation Tunnel

Formation Length
(m)

Support Class Distribution
(%)

I II III IVa IVb V

RMT 4 (Plagioclase granite, Kamila Seq.) 1,212 m 20 40 18 10 6 6

Table 13-17: Rock support distribution Emergency and Ventilation Tunnel

Formation Length
(m)

Support Class Distribution
(%)

I II III IVa IVb V

RMT 4 (Plagioclase granite, Kamila Seq.) 1,167 m 20 40 18 10 6 6
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Table 13-18: Rock support distribution Gabarband Intake Tunnel

Formation Length
(m)

Support Class Distribution
(%)

I II III IVa IVb V

RMT 2 (Mandraza Amphibolit, Kiru Seq.) 2,364 m 20 38 34 4 2 2

13.5 Lining Design

13.5.1 Overview

The final linings of the tunnel sections are shown in the Power Waterway drawings. Table 13-19
gives an overview of the applied lining type for each tunnel part.

Table 13-19: Overview of applied lining types

Tunnel part Lining

Forebay including intake Concrete

Headrace Tunnel (except Gabarband Crossing) Concrete

Headrace Tunnel at the Gabarband Crossing (760 m) Steel

Gabarband Intake Tunnel GRP / Shotcrete

Surge Shaft Concrete

Surge Shaft throttle Steel

Emergency gate valve Steel

Pressure Shaft Steel

High Pressure Tunnel Steel

Tailrace Tunnel Concrete

13.5.2 Hydraulic Confinement

13.5.2.1 General

The hydraulic confinement was checked with the Austrian method described in the design criteria
chapter 13.2.5.1. It must however be emphasised that the most important input parameters such
as the rock mass density, the ratio of horizontal / vertical in-situ stress (k0 value) remain largely
unknown at this stage.

Furthermore, the used Airbus topography has some uncertainties in the steeper sections and will
have to be confirmed by means of a terrestrial survey as recommended in the Chapter 24.

Thus, the calculations performed below are to be viewed very cautiously. The required length of
steel liner will have to be re-evaluated after the results of the hydrocracking tests have become
available at a later design stage and it cannot be excluded that a longer steel lining and highly
reinforced concrete lining may be required during Project execution.

 Assessed rock mass density: r = 28 kN/m3

 Projected range of horizontal / vertical stress ratio: k0 = 0.5 – 0.6

 Factor of safety static: FSs = 1.3

 Factor of safety dynamic: FSd = 1.00

The calculation results are compiled in Annex 3.1 of Volume 7 - Project Design.
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13.5.2.2 Confinement at the Pressure Shaft

At the chosen location of the Pressure Shaft, the minimum required overburden elevation is
1,492 m asl for static and 1,514 m asl for dynamic loading.

The elevation of natural ground being in the range of 1,696 m asl in this location, the confinement
criteria are checked and reinforced concrete lining can be applied upstream of the Surge Shaft
location.

13.5.2.3 Confinement at the Gabarband Crossing

Based on the results of the head loss and water hammer calculations, the required overburden
elevation was calculated to 1,498 m asl for static and dynamic loadings respectively upstream of
the Gabarband Crossing. Similarly, the required overburden elevation was calculated to 1,495 m
asl and 1,487 m asl for static and dynamic loading downstream of the Gabarband Crossing.

As a matter of fact, the evaluation of the hydraulic confinement and therefore the definition of
the minimum length of steel lining required at the Gabarband Crossing is not a straightforward
task especially considering the uncertainties associated with the rock mass parameters, the
groundwater level and the available satellite data that are already known to be of limited
accuracy/reliability in steep valleys. Based on the above assumptions, it can be reasonably
assumed that the theoretical length of the Headrace Tunnel lying outside of the confined area is
around 1,400 m.

To minimise cost and in the absence of direct and reliable data, it was chosen at the Feasibility
Study stage to systematically apply a steel lining whenever the minimum vertical stress criteria
was not fulfilled (e.g. for the sections of the tunnel where the theoretical load from the vertical
overburden of the rock is lower than the static internal water pressure). Thus, the length of the
steel lining at the Gabarband Crossing was taken as 762 m.

For the transition zones located upstream and downstream of the steel lining and outside of the
confinement zones with a total length of 626 m, a combination of a tight element (PVC foil) and
a reinforced concrete lining with a higher reinforcement ratio was proposed. The upstream and
downstream transition zones were defined in such a way that both the vertical and horizontal
confinement criteria were fulfilled for a rock mass density 28 kN/m3 and a k0 value conservatively
taken as 0.5.

13.6 Design of the Reinforced Concrete Lining

13.6.1 General

The underground design must achieve the functionality, stability, and safety of the underground
openings during and after construction and for as long as the underground structure is expected
to function.

Power tunnel structures, additionally to stability and safety in the operation and maintenance,
should be designed to minimise leakage. Accordingly, a design method should be used that will
eliminate wide cracks and other potential sources of leakage.

Reinforcement concrete lining cannot prevent the formation of cracks. Only better crack
distribution by an increase in a number of cracks and limitation of crack width is achieved by
reinforcing the concrete tunnel lining.

In general, reinforcement in the concrete is required along the waterway when the following
conditions are encountered:

 Upstream of steel lined part of power tunnels, in order to have gradual changes of
permeability from pervious un-reinforced concrete to impervious steel lined parts of power
tunnels,

 In areas where there is weak rock with high permeability,

 In areas where the rock is susceptible to erosion,
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 In areas where seepage into the tunnel through altered or fractured zones can cause
washing out of joint filing and accordingly invoke cavities behind the lining and so
endanger long-term stability,

 In areas where leakage from the tunnel to the ground surface can result in instability and
landslides,

 In areas where the long-term stability may be endangered by dynamic water pressures.

Reinforcement in the concrete lining additionally prevents the formation of loose concrete pieces
formed by local cracks caused by changing internal loads and dynamic pressures (water hammer)
in the system.

Modern and economic design of the reinforced concrete lining can be done by the method
developed by Schleiss (1997). This method considers the forces due to seepage through the lining
and rock as well as the deformation – dependent permeability of the lining.

In Chapter 13.6.6, a discussion about the different possibilities of the tunnel lining is held and the
conclusions to continue with a reinforced concrete lining for the whole Headrace Tunnel are drawn.

13.6.2 Calculations

For the parts of the tunnel where the confinement criteria is fulfilled, the concrete lining design
was calculated with Excel spread sheets following the theory of Seeber (1982) and the approach
of Schleiss (1997).

First, the thickness of the lining was evaluated and chosen to be 50 cm based on the excavated
diameter and the type of rock and overburden. The area between the lining and surrounding rock
must be treated with grouting.

Calculations following the theory of Seeber (1982) introduced that grouting injections with the
pressures in the defined range of maximum 10bar would not be sufficient to avoid cracking of the
concrete. Hence, the lining shall be reinforced.

The results are provided in Figure 13-6 and also in Volume 7 – Project Design. A preliminary
definition of grouting measures to be applied is given in Chapter 13.11.
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Figure 13-6: Concrete lining design Headrace Tunnel

13.6.3 Water Losses Through Concrete Lining when Subject to
Internal Pressure

13.6.3.1 Results

The water losses in the Power Waterway were calculated with the method after Schleiss (1997)
which considers the effect of seepage forces in the reinforced concrete lining, the surrounding
rock and the deformation-dependent permeability of the lining.

A sensitivity analysis has been performed considering different E-moduli of the surrounding rock,
different permeabilities based on the rock mass classification which can be found in Volume 4 -
Geology of this Feasibility Study Report and various internal pressure stages up to 30 bar.

The detailed calculation results are compiled in Volume 7 – Project Design, Annex 3.3. The results
for an average E-modulus of 30 GPa can be found in Table 13-20 to Table 13-22.

Table 13-20: Water losses for E-modulus of rock mass of 30 GPa

E-modulus Rock
(GPa)

Permeability
(m/s) Water losses

Water pressure
(bar)

10 15 20 30

30 10-7
(l/s/km) 12.5 22.9 32.0 47.4

(l/s/km/bar) 1.2 1.5 1.6 1.6

Crack series 1st
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Table 13-21: Water losses for E-modulus of rock mass of 15 GPa

E-modulus
Rock
(GPa)

Permeability
(m/s)

Water
losses

Water pressure
(bar)

5.8 15 20 28 28 30

15 10-8
(l/s/km) 1.3 2.8 3.5 4.6 4.6 4.9

(l/s/km/bar) 0.2 0.2 0.2 0.2 0.2 0.2

15 10-7
(l/s/km) 9.3 27.3 34.9 46.0 45.4 48.2

(l/s/km/bar) 1.6 1.8 1.7 1.6 1.6 1.6

15 10-6
(l/s/km) 36.9 229.7 320.8 445.5 410.7 442.8

(l/s/km/bar) 6.3 15.3 16.0 15.9 14.7 14.8
Crack
series 1st 2nd

Table 13-22: Water losses for E-modulus of rock mass of 2 GPa

E-modulus
Rock
(GPa)

Permeability
(m/s)

Water
losses

Water pressure (bar)

2 4 4.5 5.2 5.2 7 10 16.2 16.2 25

2 10-7
(l/s/km) 6.0 10.2 11.2 12.5 12.5 20.6 30.0 30.0 42.3 20.6

(l/s/km/bar) 2.9 2.6 2.5 2.4 2.4 2.2 2.1 1.9 1.8 1.7

Crack series 1st 2nd 3rd

13.6.3.2 Interpretation

Evaluation of E-moduli of surrounding rock:

Assuming an E-modulus of 30 GPa for the rock mass, the first crack series initiates at 10 bar inner
pressure, and up to an investigated range of 30 bar no second crack series occurs.

Assuming an E-modulus of 15 GPa for the rock mass, the first crack series initiates at 5.8 bar
inner pressure. At 28 bar the second crack series occurs theoretically, however, the vertical
alignment of the Power Waterway has been designed such that the concrete lined section is not
subjected to a higher inner pressure of 20 bar in static and a maximum of ~25 bar in dynamic
loading.

At the assumed fault zone material with E-modulus of 2 GPa, the first series of cracks initiates at
2 bar inner pressure. The second crack series initiates at 5.2 bar and reaches up to 16.2 bar. The
third crack series is propagating up afterwards. At the point of the highest investigated internal
pressure of 25 bar the tensile stress of the concrete in the lining between the cracks (3rd series)
is ~0.6 MPa, hence still not exceeded.

Evaluation of rock mass permeabilities:

A common criterion for water losses in power waterways is 1-2 l/s/km/bar internal pressure.

Assuming a permeability of k=10-8 m/s the water losses are around 0.2 l/s/km/bar, hence
significantly below 1 l/s/km/bar. These very favourable conditions would mean a technically tight
system. The absolute water losses at 20 bar pressure would be 3.5 l/s/km.

Assuming a permeability of k=10-7 m/s the water losses would be in a range of 1.6 – 1.8 l/s/km/
bar, hence acceptable. The absolute water losses at 20 bar pressure would be 35 l/s/km.

Assuming a permeability of k=10-6 m/s the water losses are 6.3 – 16 l/s/km/bar, hence
significantly above the required range of 1-2 l/s/km/ bar. The absolute water losses at 20 bar
pressure would be 321 l/s/km.
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Under these unfavourable conditions (e.g. k > 10-7 m/s), additional measures (e.g. grouting)
would have to be taken to reduce the permeability of the rock mass.

Conclusions:

50 cm of reinforced concrete lining with a moderate reinforcement grade are sufficient to limit the
cracks to a reasonable range up to an internal operation pressure of 25 bar for the averaged
assumed rock conditions.

A closed contact for the structural interaction between the lining and the surrounding rock mass
is a precondition for the application of the chosen calculation method.

Therefore, void filling and contact grouting of the lining is mandatory along the whole lining. The
necessity of consolidation grouting around the tunnel is also expected locally especially in the
higher rock support classes (no systematic consolation grouting foreseen).

Rock mass permeabilities of k=10-7 m/s to 10-8 m/s result in water losses between 1 and 2
l/s/km/bar, which is a commonly accepted range. Higher permeabilities of the rock mass would
have to be treated accordingly with grouting.

13.6.4 Reinforced Concrete Lining at the Gabarband Crossing

Upstream and downstream of the steel lined section at the Gabarband Crossing, a transition zone
has been introduced including a watertight sealing element in combination with a concrete lining
that has a higher reinforcement ratio.

Preliminary structural calculations show that the required reinforcement reduces with increased
loads transferred from the lining to the surrounding rock mass, which is related to the rock mass’
stiffness. However, the rock mass classification shows generally very high stiffness moduli for the
geological units and to conservatively account for partially weaker and loosened up zones at the
edges of the mountain near the valley crossing, a relatively low spring stiffness has been
considered in the analysis.

The required reinforcement area in transversal direction (ring reinforcement) is approximately 60
cm²/m. Possible reinforcement raster are 2 layers of DB30/200mm (2 x 35 cm²/m = 70 cm²/m)
or DB32/200mm (2 x 40.2 cm²/m = 80.4 cm²/m) on the inside and outside. D32/200mm has
been assumed inside and outside for the quantity take-off.

13.6.5 Empty Concrete Lining Subject to External Water Pressure

Several lining thicknesses were evaluated and at the end it was decided to proceed with the design
with a concrete liner thickness of 50 cm. One of the main reasons for this was the loading condition
“empty tunnel”. In case of dewatering/tunnel emptying the outer groundwater pressure is acting
against the tunnel and the only parameter, which can improve the safety against outer water
pressure is the thickness of the lining.

The geological interpretation of the Project area gives reasons to believe that a relatively high
ground water level will be encountered, hence the selected lining thickness is on the upper edge
of the evaluated range of lining thicknesses.

A 50 cm thick lining can take about 215 m of external water pressure considering a factor of
safety of 1.35. If higher groundwater pressures are effectively encountered especially along faults
connecting the tunnel with high external pressure, additional constructive measures like
consolidation grouting or dewatering valves can be foreseen. A description of this feature can be
found in Schleiss (2005).

13.6.6 Unlined (Shotcrete) versus Concrete Lining in Power
Waterways

13.6.6.1 General Discussion

Unlined tunnels are tunnels that in operation remain unlined or are just lined by the primary lining
(e.g. rock support) that takes the function of the final lining. In contrast to transfer tunnels or
access tunnels, the particular challenge posed by the fact that the water flow and frequent
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pressure fluctuations favor the falling out of blocks, which can lead to the damage of turbines and
with progressive failure to a clogging of the tunnel.

Also the excavation method has an impact on whether a tunnel is left unlined in operation. Since
NATM driven tunnels have a significantly higher roughness, larger flow losses will occur. These
higher losses could be compensated with larger excavation sections that again increase the
construction costs.

The question of unlined tunnels arises only in the very good mountains, characterised on the one
hand by solid rock (not changeable in contact with fluctuating water), low separation surface
frequency and good interfacial properties (no washable fillings) and enough internal stress
suppressing opening of joints by internal water pressure.

Waterways that are completely or partially unlined have to be equipped with rock traps. The sand
or rock trap has the function to accumulate the fallen pieces of rock before they can reach the
turbine and cause damages.

Therefore, the selection and decision to use unlined Headrace Tunnel must be made considering
all these influences and needs very good rock mass.

At the current stage of this Project the level of information about the rock mass is not sufficient
and the risk to suggest the construction of the Headrace Tunnel as unlined is perceived as high.
Therefore, the selection is made to line the entire length with reinforced lining.

If during the excavation of the Powerhouse and Upper Erection and Gate Chamber access tunnels
and various construction adits the conditions required for the unlined tunnel will be met, then the
design could be adopted and sections that could stay unlined or just shotcrete lined could be
defined accordingly. The decision must be approved during the excavation process and the final
decision will have to be made after excavation.

13.6.6.2 Rock Trap

In case that in later Project stages it is decided that a part of the Headrace Tunnel is left unlined
or lined just by shotcrete lining, losing of small parts of lining and rock mass pieces could not be
excluded. These fragments could be transported along the tunnel and represent a risk for the
turbines. Therefore these parts must be trapped in order not to endanger the turbine.

A rock trap, which is basically a collecting basin, has then to be foreseen at the downstream end
of the unlined section, before the start of the steel lined section. Implementation of such a feature
can be done easily. Access to the rock trap and a possibility to clean it must be assured.

13.7 Steel Lining and Gabarband Intake Steel Pipe

For the design of the steel lining of the Headrace Tunnel, Pressure Shaft and High Pressure Tunnel,
the external water pressure is decisive. For the penstock at the downstream end of the GRP pipe
in the Gabarband Intake Tunnel internal water pressure is decisive.

The lining thickness for the 4.00 m inner diameter Pressure Shaft and High Pressure Tunnel ranges
from 17 mm up to 38 mm and relies on the use of stiffener rings to optimise cost. In a first
attempt, stiffener rings have only been assumed where necessary, i.e. for lining thicknesses over
36 mm to remain on the safe side and allow for site conditions that are potentially less favourable
during Project implementation especially at the Gabarband Crossing with longer steel lining
required.

The systematic use of stiffener rings has the advantage of lower overall steel quantities and thus
costs but has the disadvantage of a more complicated handling and thus longer construction time.
The lining of the Pressure Shaft is not on the critical path of the construction schedule and stiffener
rings could even be used on thinner plates. However the final design and consideration of costs
vs. construction time remains with the Contractor, a brief sensitivity analysis has been maximising
the use of stiffener rings to optimise the steel quantities.

A steel quality of S460M up to S550M is used. The total steel amount for the Pressure Shaft steel
and High Pressure Tunnel lining can be given with 2,074 tons in case no stiffener rings are used.
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The lining thickness for the 4.00 m inner diameter Headrace Tunnel at the Gabarband Crossing
ranges from 16 mm up to 36 mm. A steel quality of S460M is used. The total steel amount for
the 720 m of steel lining is 1,365 tons in case no stiffener rings are used

The lining thickness for the cone (diameter 5.2 - 4.0 m), the horizontal section and the elbow at
the downstream Headrace Tunnel ranges from 17 mm up to 22 mm. The total steel amount is
159 tons in case no stiffener rings are used.

The amount of steel for the penstock is 422 tons.

For the Gabarband Intake Tunnel pipe P355N steel quality is used. The penstock cone thickness
is 8 mm for a diameter of 1.5 m. The total steel amount is 10 ton.

Table 13-23: Results of the pre-design of the steel lining

Tunnel Section P355N S460M S550M Total
Headrace Tunnel – Gabarband
Crossing 1,365 t - 1,365 t

Surge Chamber, Cone,
downstream, upper pressure tunnel 159 t 159 t

Pressure Shaft 422 t 1,251 t 1,673 t

High Pressure Tunnel - 401 t 401 t

Penstock - 422 t 422 t

Gabarband Intake Tunnel Penstock 10 t 10 t

Total 10 t 1,946 t 2,074 t 4,030 t

As described above, this design was made in the absence of reliable/direct information about the
groundwater levels. The layout shall be further optimised at a later stage based on detailed
information from excavation, hydro fracturing tests and ground water measurements.

The detailed results for both load cases for the Gabarband Crossing, Pressure Shaft and High
Pressure Tunnel are compiled in Volume 7 – Project Design, Annex 3.4.

A preliminary sensitivity analysis has been performed for the Pressure Shaft (steel grade S500M
and generalised use of stiffeners for all plates thickness) and the Gabarband Crossing considering
stiffener rings to have a first estimate of the potential savings of steel should the length of the
steel lining need to be extended at the Gabarband Crossing during the next design stage. It is
assumed that circa 490 tons of steel could be saved which is also circa 150 m of steel lining at
the Gabarband Crossing.

13.8 GRP Pipe

The water in the Gabarband Intake Tunnel will be conveyed within a GRP pipe mounted on
concrete supports. The pipe has been divided into 3 equally long sections with an inner diameter
of 2.1 m in the upstream section, 1.9 m in the middle section and 1.7 m in the downstream
section. This allows for a segment stacking of the different pipe diameters into one shipping unit
for the transport from the manufacturer to Pakistan, and thus reduces the transport cost to 1/3.

In order to protect the pipe against the sediments in the flow, high abrasion resistant pipes have
been selected.

Due to the increasing internal pressure, the pipe is generally divided into three pressure sections,
taking into account the transient results from Chapter 13.12.4.11. The most upstream section will
be designed for an internal pressure of 10 bar, the middle section for 16 bar and the most
downstream section for 25 bar. Because the pipe is mounted on supports and has thus no external
pressure and with the selected pipe segment length of 5.7 m, the stiffness of the pipe could be
selected at 5,000 N/m2.
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The velocity in the 1.7 m diameter pipe section is 4.4 m/s at the design discharge of 10 m3/s.
During the relevant transient event, the flow increases to 21 m3/s, resulting in a velocity of about
9 m/s. The selected pipe diameter therefore adhere to the velocity requirements.

A manhole in the middle of the GRP pipe is foreseen to allow for inspection of the pipe in addition
to the entry from the Lower Gabarband forebay and the manhole in the steel section just upstream
of the Headrace Tunnel junction. The manhole will be located in the PN 16 section for cost
purposes because manholes in PN 20 or PN 25 segments are fairly costly. The steel section will
also contain a butterfly valve which can isolate the GRP pipe for maintenance purposes or in
emergency situations such as a leak of the GRP pipe.

The preliminary material parameters in Table 13-24 have been provided by a pipe supplier.

Table 13-24: Preliminary material parameters of GRP pipe

Parameter Unit Upper
Section

Middle
Section

Lower
Section

Nominal diameter (mm) 2,100 1,900 1,700

Nominal pressure (bar) 10 16 25

Stiffness (N/m2) 5,000 5,000 5,000

Minimum thickness (mm) 29.5 24.3 21.0

Circumferential tensile modulus (GPa) 13.0 20.0 30.0

Longitudinal tensile modulus (GPa) 7.0 8.0 10.0

Circumferential tensile strength (N/mm2) 172.4 296.9 454.6

Longitudinal tensile strength (N/mm2) 25.2 33.4 43.9

13.9 Surge Shaft

The Surge Shaft is located upstream of the Upper Erection and Gate Chamber, at chainage
10,852 m of the Headrace Tunnel. The top of the tank is below the surface and can be reached
via an access tunnel to the surge shaft chamber.

The design foresees a solution in the form of a shaft with an offset in the layout relative to the
tunnel axis, which is beneficial for the construction. The inner diameter of the shaft is 6.50 m. A
0.50 m thick reinforced concrete lining is foreseen also for the Surge Shaft over its full height,
the outer diameter is then 7.50 m. The proposed solution for the construction of the shaft is the
Raise Drill procedure with glory hole and enlarging.

The throttle of the Surge Shaft will have to be steel lined, as well as the whole section of the
tunnel down to the MIV.

13.10 Operational Aspects

During the operation the tunnel will be exposed to large internal pressure and also transient
pressures caused by changing of the flow regime in the tunnel. The designed lining system must
be able to manage the static pressure as well as pressure fluctuation without damage of the lining
and the surrounding rock mass.

Filling and especially emptying of the Power Waterway are the most extreme loading conditions
for the lining and also for the surrounding rock mass. Therefore, both processes have to be done
with special attention and the filling/emptying speed should not be higher than the specified
values.

Too fast filling or emptying of the system could cause a strong increase of the stresses in the
lining and in the surrounding rock mass and could result in serious cracks and even collapses.

It must be mentioned that in recent years the hydropower industry has suffered from several
damages of power tunnels in that context.
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13.11 Grouting

13.11.1 General

Grouting is an injection of fluid medium particles into the rock voids improving the rock mass
characteristics. Around the pressure tunnels grouting is performed mainly to increase the rock
mass stiffness, to reduce the rock mass permeability and to achieve a contact between rock mass
and the final tunnel lining. For concrete lined tunnels three types of grouting can be distinguished:

 Void filling caused by the concreting process - mostly in the tunnel crown,

 Contact grouting achieving continuous contact around the tunnel,

 Consolidation grouting improving the rock mass characteristics around the tunnel.

Void grouting involves filling of the voids between the cast-in-place concrete lining and
surrounding rock mass. Fluid fresh concrete tends to maintain horizontal surfaces and voids can
occur on the highest point. The voids also develop due to the presence of trapped air, a poor
concrete placement procedure, insufficient concrete slump or unstable concrete. The voids have
to be filled with low-pressure grout or mortar substituting missing concrete lining.

Contact grouting around the tunnel has the function of filling possible air traps in overbreak areas
and other irregularities occurred by pouring process, fill bleeding and shrinkage gap. Also a gap
between the lining and the rock mass caused by temperature changing – cooling of the concrete
lining – can occur. The contact grouting is performed around the tunnel through prepared or
drilled boreholes with a minimal length of 50 cm into the surrounding rock mass. Grouting mix
and pressure have to be defined based on the Project settings, with grouting pressures up to 5 -
10 bar being usual.

The function of the consolidation grouting is to improve the physical characteristics of the
surrounding rock mass – an increase of the rock mass stiffness, and reduction of the rock mass
permeability. The consolidation grouting is performed in a radial direction or perpendicular to the
dominant joint system. The length and pattern of the consolidation boreholes are dependent on
the geological conditions and the targets that should be achieved. The length of boreholes is
mostly in the range of the tunnel radius to tunnel diameter with one borehole per approximately
10 m2 of the tunnel lining. Grouting pressures are normally 5-10 bar except in case of pre-
stressing of the plane concrete lining where high pressures up to 30 bar are usual. In case that
the grouting packer is situated in the concrete lining, the consolidation grouting and the contact
grouting can be performed in the same stage.

13.11.2 Concrete Lining Grouting

13.11.2.1 Contact Grouting / Void Grouting

This grouting measure shall assure a close contact of the tunnel lining with the surrounding rock
and enable full load transfer between concrete and rock. The shrinkage gap between lining and
surrounding rock must be closed along the whole tunnel lining.

6 holes with a shallow depth (~50 cm into the rock) along the circumference of the lining are
required for the Headrace Tunnel. The longitudinal distance for the contact grouting is 3 m.

7 holes with a shallow depth (~50 cm into the rock) along the circumference of the lining are
required for the Surge Shaft. The longitudinal distance for the contact grouting is 3 m.

Contact grouting is done with pressures of ~8-10 bar.

In case where consolidation grouting is applied through the radial holes and the packer is set in
the concrete the contact, grouting could be performed together with the consolidation grouting.

13.11.2.2 Consolidation Grouting

Consolidation grouting is applied to increase the stiffness (E-modulus) of the rock mass and to
decrease the permeability.
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This grouting shall be done with pressures of ~8-10 bar, 6 holes with drilling depth of 3 m into
the rock for the Headrace Tunnel, 6 holes with drilling depth of 3 m into the rock for the Tailrace
Tunnel and 4 m into to the rock for the Surge Shaft, a horizontal distance of 3 m is foreseen, with
staggered boreholes.

Following assessments for the required consolidation grouting are made:

 Class I and II: no consolidation grouting required

 Class III: consolidation grouting required along 30% of the length

 Class IV and V: systematic consolidation grouting required

In class III, the areas where consolidation will be performed will be defined based on encountered
geological conditions (rock mass classification during excavation) and based on the grout take
tests that will be performed during drilling works.

13.11.3 Steel Liner Grouting

Systematic contact (or “skin”) grouting behind the steel liner is necessary in order to fill voids and
guarantee good contact between steel and surrounding concrete. After the filling with the
surrounding concrete, grout is injected through openings (valves) behind the steel liner. An exact
procedure shall be determined in a subsequent design phase.

13.12 Hydraulic Design

13.12.1 General

The hydraulic design of the Power Waterway considers three main aspects:

 General verification for the Power Waterway and its appurtenant structures as fit for
purpose,

 Hydraulic losses along the Power Waterway,

 Transient analysis of the Power Waterway.

Each of these aspects is presented in a separate sub-chapter of this chapter.

13.12.2 General Verification for the Waterway

Due to the long Power Waterway of the Lower Spat Gah scheme, a surge facility is required as
the water starting time (Tw=6.1 s) of the waterway system is far higher than the critical limits
recommended in different criteria.

In order to increase the hydraulic stability of the pressurised system of the Power Waterway, the
surge facility should be as close as possible to the Powerhouse. For this purpose, the surge facility
has been located at the downstream end of the Headrace Tunnel just upstream of the Pressure
Shaft upper bend.

13.12.2.1 Surge Shaft Area

The hydraulic stability of the pressurised Power Waterway system is expressed by the Thoma
criterion. As the waterway downstream of the Surge Shaft is quite long, the Thoma criterion has
to be corrected by the Evangelisti factor.

The minimum area of cross section of a Surge Shaft results from Thoma’s condition for the stability
of surge shafts. Thoma showed that with automatically governed turbines, the Surge Shaft will
only be hydraulically stable if the horizontal cross sectional area of the tank exceeds a certain
minimum value FTh:

𝐹𝑇ℎ =
𝐿 ∙ 𝑓 ∙ 𝑣02

2𝑔 ∙ ℎ0 ∙ (𝐻0 − ℎ0)
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where:

FTh: Minimum area of Surge Shaft after Thoma (m2)

L: Length of equivalent headrace tunnel (m)

F: Area of the equivalent tunnel section (m2)

v0: Velocity in the tunnel at flow design discharge (m/s)

g: Acceleration due to gravity (9.81 m/s2)

H0: Total head (m)

h0: Head loss upstream of Surge Shaft (m)

The Evangelisti correction factor is:

𝐹𝑚𝑖𝑛 = 𝐹𝑇ℎ∙
1 + 𝐿𝑑 ∙ 𝑓

𝐿 ∙ 𝑓𝑑
1 − 3 ∙ ∆𝑧𝑑𝑜

𝐻𝐵𝑟 − ∆𝑧𝑑𝑜
where:

FTh: minimum area of Surge Shaft after Thoma (m2)

Fmin: minimum area of Surge Shaft after Thoma corrected by Evangelisti (m2)

vo: velocity in the Headrace Tunnel (upstream of surge tank) (m/s)

L: length of Headrace Tunnel (m)

F: cross-section area of Headrace Tunnel (m2)

zo: head losses in Headrace Tunnel (m)

HBr: total head (m)

Ld: total length of waterway (m)

Fd: cross-section area (m2)

zdo: total head losses of waterway (m)

For the hydraulic characteristics of the Lower Spat Gah Power Waterway, the Thoma criterion
would result in a Surge Shaft minimum diameter of about 4.00 m. However, after applying a
safety factor of 2.0 as well as the Evangelisti correction factor due to the relatively long waterway
length between the Surge Shaft and Powerhouse, the minimum stable Surge Shaft diameter would
increase to about 6.1 m.

Eventually, a throttling Surge Shaft with internal diameter of 6.50 m has been selected as the
surge relief facility. A short steel tunnel with a diameter of 2.50 m which will act as the throttling
orifice connecting the Surge Shaft to the steel lined Headrace Tunnel.

The shaft inlet is throttled to improve the dampening of the oscillations by offering greater
resistance. As a rule of thumb, the area of the orifice of a throttled Surge Shaft should not be
larger than 40% of the area of the branching tunnel because large sizes will not provide effective
pressure dampening. The Headrace Tunnel as the branching tunnel with a diameter of 4.00 m
results in an orifice diameter of 2.50 m. This size was checked in the transient analysis (Chapter
13.12.4) to provide a balanced head design so that the maximum tunnel pressure below the Surge
Shaft nearly equals the maximum upsurge level caused by a full load rejection.

13.12.2.2 Headrace Tunnel Intake Submergence

The submergence of the Headrace Tunnel intake has been determined with the Knauss condition,
which is shown graphically in Chapter 13.2.2.1. The required submergence is determined based
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on the MOL of the Lower Spat Gah forebay. The MOL is determined in the desander hydraulic
design chapter and is the level corresponding to the reservoir MOL minus the losses in the
desander. The resulting submergence factor (h/d) is in the range of 1 to 1.5. The turbine governor
will regulate the turbine discharge so that the water level is maintained between the FSL and
MOL. With a required submergence factor of 1.24 the minimum allowable water level in the
forebay would be 1,495.6 m asl.

Table 13-25: Verification of the minimum allowable water level in the Lower Spat Gah forebay

Parameter Value

Axis elevation of Headrace Tunnel 1,489.00 m asl

Diameter of Headrace Tunnel (height) 5.30 m

Width of gate section 5.30 m

Considered discharge at MOL 75 m3/s

Flow velocity at the intake 2.7 m/s

Froude number 0.37

Required submergence factor h/d 1.24

Minimum submergence from intake/tunnel axis 6.6 m

Minimum allowable water level in forebay 1,495.6 m asl

However, a submergence factor of about 2.0 is selected for the determination of the vertical
setting of the Headrace Tunnel intake to cover any non-symmetric approach flow condition within
the forebay.

The corresponding minimum allowable water level in the forebay to achieve sufficient intake
submergence is 1,499.6 m asl, which equals the MOL of the forebay.

The axis level of the Headrace Tunnel intake is additionally checked to adequately satisfy the
minimum required pressure on the crown of the Headrace Tunnel starting reach during transient
conditions. This criterion is also fulfilled.

13.12.2.3 Gabarband Intake Tunnel Flow Regime

A mixed flow regime is expected along the Gabarband Intake Tunnel (pipe) during water
transmission. The water level in the pipe is dictated by the operational regime within the Power
Waterway in terms of Powerhouse discharge as well as headwater level at the Lower Spat Gah
Headworks. Due to the steep slope of the Gabarband Intake Tunnel (pipe), a supercritical flow
shall form between the pipe inlet and the downstream dictated boundary condition. The flow
regime transition shall take place through a hydraulic jump where the supercritical free-flow meets
the downstream water table. The free-flow parts of the pipe need to be well aerated. For this
purpose a separate aeration is foreseen downstream of the pipe intake gate.

The flow velocity for the design discharge of 10.0 m3/s along the pipe part with free-flow regime
would reach about 7.3 m/s with a normal depth of around 0.9 m. In the pressurised reach the
flow velocity is around 3.2 m/s.

During load trips there will be backflow surges within the pipe which would lead to water spilling
out into the forebay. Therefore, the size of the forebay is determined such as not to have flow
returning back into the desander with some adequate freeboard allowance.

13.12.3 Hydraulic Losses

13.12.3.1 Approach

The head losses have been defined as the sum of friction and form losses.
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The friction losses are calculated considering the length, diameter and roughness of the concrete
lined as well as the steel portions of the Power Waterway for a design discharge of 25.0 m3/s per
unit.

Form losses consist of losses related to inlet structure, stoplogs/gate grooves, transitions, bends,
mitres, valve, bifurcations etc.

The friction losses in the waterway are calculated using the Darcy-Weisbach formula, where the
Darcy’s friction factor is calculated using the Colebrook-White equation.

New Conditions: Roughness heights of 0.6 mm and 0.06 mm have been assumed for in-situ
concrete lining and steel lined or penstock sections, respectively, according to recommendations
of ASCE 1989.

Old Conditions: In order to quantify the sensitivity of the friction head losses as well as to assess
the effect of long-term operation and sliming of the waterway system, the roughness heights have
been increased to 2.0 mm for the in-situ concrete lining and 0.15 mm for steel lined or penstock
sections. Such roughness assumptions are associated with remarkably deteriorated surfaces as
they may prevail after several decades of operation.

13.12.3.2 Results

For New Conditions, the applied roughness values lead to a total head loss of 22.50 m for the
design discharge.

For Old Conditions, the applied roughness values lead to a total head loss of 27.16 m for the
design discharge.

The detailed loss calculation including form and friction losses (New Conditions) for different
components of the waterway at rated condition is presented in Table 13-26.

The results for the minor loss calculation are shown in Table 13-27.

Table 13-26: Friction losses between Lower Spat Gah forebay and main inlet valve of Unit 2 for design
discharge (New Condition-all units in operation)

Segment Name

Rough-
ness

Height
(mm)

Q
(m3/s)

V
(m/s)

Equi-
valent

n
Sf

L
(m)

ΔHf

(m)

% of
Total

Friction
Loss

ΔHf /
km

Concrete Lined
Headrace Tunnel,
D=5.3 m

0.6 75 3.40 0.0132 0.001373 10,100.7 13.87 68.6% 1.37

Steel Lined
Headrace Tunnel,
D=4.0 m

0.06 75 5.97 0.0107 0.004058 831.8 3.38 16.7% 4.06

Steel lined Shaft
& High-Pressure
Tunnel, D=4.0 m

0.06 75 5.97 0.0107 0.004058 594.3 2.41 11.9% 4.06

Steel Penstock,
D=3.25 m 0.06 50 6.03 0.0105 0.005267 26.1 0.134 0.7% 5.27

Steel Penstock,
D=2.3 m 0.06 25 6.02 0.0102 0.007858 32.3 0.25 1.3% 7.86

Steel Penstock to
MIV, D=2.0 m 0.06 25 7.96 0.0100 0.016044 10.1 0.16 0.8% 16.04

Total Friction
Loss (m) 20.21 100%
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Table 13-27: Minor losses considered for the Power Waterway along the unit 2 branch for the design discharge

Segment Name Q
(m3/s)

V
(m/s)

Loss
Coefficient,

ki

v2/2g
(m)

ΔHf
(m) Reference

Inlet Mouth 75 1.0 0.160 0.05 0.008 Design of Small
Dams, Table 10.1

Stoplogs slot 75 2.7 0.100 0.36 0.036 Design of Small
Dams, Page 460

Emergency Gate Slot 75 2.7 0.100 0.36 0.036 Design of Small
Dams, Page 460

Intake Transition
Rectangle to Circular
Section

75 3.4 0.007 0.59 0.004 Crane TP-410

Gabarband Intake
Tunnel Junction 75 3.4 0.050 0.59 0.029

Miller's Internal
Flow Systems,
Figure 13.23

Headrace Concrete to
Steel Lined Section
Contraction

75 6.0 0.028 1.82 0.050 Crane TP-410

Headrace Steel to
Concrete Lined Section
Expansion

75 6.0 0.039 1.82 0.070 Crane TP-410

Headrace Concrete to
Steel Lined Section
Contraction

75 6.0 0.028 1.82 0.050 Crane TP-410

Headrace Vertical Mitre
in Concrete Section 75 3.4 0.020 0.59 0.012 Crane TP-410

Headrace Vertical Mitre
in Steel Section 75 6.0 0.020 1.82 0.036 USACE EM 1110-2-

1602, Plate C-11
Horizontal Bend, R=30
m & θ=4.5° 75 3.4 0.009 0.59 0.005 USACE EM 1110-2-

1602, Plate C-10
Horizontal Bend,
R=600 m & θ=50.8° 75 6.0 0.030 1.82 0.055 USACE EM 1110-2-

1602, Plate C-10
Horizontal Bend,
R=2,000 m & θ=27.8° 75 3.4 0.015 0.59 0.009 USACE EM 1110-2-

1602, Plate C-10

Surge Shaft Junction 75 6.0 0.050 1.82 0.091
Miller's Internal
Flow Systems,
Figure 13.23

Butterfly Valve 75 6.0 0.150 1.82 0.272 Design of Small
Dams, Page 460

Vertical Bend, R=15 m
& θ=90° 75 6.0 0.110 1.82 0.200 USACE EM 1110-2-

1602, Plate C-10
Vertical Bend, R=15 m
& θ=90° 75 6.0 0.110 1.82 0.200 USACE EM 1110-2-

1602, Plate C-10
Bifurcation 1, Main
Conduit, θ=70° 75 6.0 0.020 1.82 0.036 I.E.Idel'chik,

Diagram 7.23
Bifurcation 2, Branch
Conduit, θ=70° 50 6.0 0.570 1.85 1.055 I.E.Idel'chik,

Diagram 7.22
Steel Penstock
Contraction 25 8.0 0.009 3.23 0.027 Crane TP-410

Total Form Loss (m) 2.285
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13.12.3.3 Total Head Losses

The total head losses for the waterway between the Lower Spat Gah forebay and the main inlet
valve of Unit 2 correspond to 22.50 m when all three units are operating at the design discharge.
The total head losses are shown in Figure 13-7 as a function of the total plant discharge. The head
losses can be approximated with the following relation:

∆ℎ = 0.0039993 ∙ 𝑄𝑡𝑜𝑡2

where Qtot is the total waterway discharge.

Figure 13-7: Total hydraulic head losses between the forebay and the turbine distributor

13.12.4 Transient Calculations

13.12.4.1 Approach

For the proposed Lower Spat Gah Project hydraulic layout, a preliminary transient analysis has
been performed. The aim of this study is the following:

 Simulation of normal and exceptional load cases and evaluate the impact on the proposed
waterway,

 Definition of the maximum and minimum dynamic pressure along the Power Waterway as
well as maximum upsurge and minimum downsurge inside the Surge Shaft.

13.12.4.2 Software Applied

Bentley HAMMER was used for the transient analysis. HAMMER is an advanced, interactive
software package to support hydraulic analysis and simulates the dynamic behaviour of fluids in
branched and looped pipelines and full flowing tunnel systems with robust capabilities to model
transient behaviour of pumps and turbines.

13.12.4.3 Numerical Model

A numerical model has been elaborated in HAMMER that represents all the relevant characteristics
of the waterway. The model starts at the Lower Spat Gah forebay and ends at the turbine nozzles
of the Pelton units. It also includes the Gabarband Intake Tunnel starting at the forebay. The
forebay is represented as a fixed head at the Full Supply Level and Minimum Operating Level, as
these will lead to the highest and lowest dynamic pressures/surges respectively along the
waterway and Surge Shaft. The topology of the model is shown in Figure 13-8.
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Figure 13-8: Numerical model elaborated for the Power Waterway

13.12.4.4 Waterway Layout

The final layout and characteristics of the Power Waterway with three (3) units, as per the
waterway drawings and given in Table 13-28, have been taken as basis to define the model
geometry for the water hammer model.

Table 13-28: Waterway characteristics used for the transient analysis

Structure Parameter Value

Waterway – Headrace Tunnel;
concrete Lined

Type:
Diameter (internal):

Circular, in-situ concrete-lined
5.30 m

Waterway – Headrace Tunnel,
Pressure Shaft & High Pressure
Tunnel; steel lined

Type:
Diameter (internal):

Circular, steel
4.00 m

Lower Gabarband Intake Tunnel
Pipe

Type:
Diameter (internal):
Type:
Diameter (internal):

Circular, GRP
2.10 / 1.90 / 1.70 m
Circular, steel
1.50 m

Penstocks d/s Y-branch 1 Type:
Diameter (internal):

Circular, steel
3.25 m

Penstocks d/s Y-branch 2 Type:
Diameter (internal):

Circular, steel
2.30 m

Penstocks u/s units Type:
Diameter (internal):

Circular, steel
2.00 m

MIV Inlet diameter 2.00 m

Turbine Axis elevation: 765.40 m asl

13.12.4.5 Wave Celerity of Waterways

The average wave celerity in the different parts of the Power Waterway is assessed as follows:

 Concrete lined Headrace Tunnel (D=5.3 m): 1,187 m/s,

 Steel lined Power Waterway sections (D=4.0 m): 940 m/s,

 Penstock (D=3.25 m): 1,097 m/s,

 Penstock (D=2.3 m): 1,177 m/s,
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 Penstock (D=2.0 m): 1,207 m/s,

 GRP pipe (D=2.1 m): 348 m/s,

 GRP pipe (D=1.9 m): 344 m/s,

 GRP pipe (D=1.7 m): 343 m/s,

 GRP pipe (D=1.5 m): 1,179 m/s.

The wave celerity depends on various factors such as the definitive lining thicknesses, and Young’s
modulus of both the lining and the supporting rock mass. The wave celerity values above are to
be verified in the subsequent Project phases once the rock parameters are better known and the
definitive length of the steel liner has been determined.

13.12.4.6 Closing Laws for Turbines and Valves

The dynamic pressures and mass oscillations resulting from the closing of either the main inlet
valve or the turbine will be calculated considering a linear nozzle stroke over the closing time
specified. The discharge will then be determined in function of the nozzle stroke according to
generic closing laws for Pelton turbines and ball valves. The applied valve’s standard characteristic
curves are shown in Figure 13-9.

Figure 13-9: Applied valves standard characteristic curves

It is noted that the water hammer calculations are dependent on the closing laws applied. The
equipment suppliers shall therefore verify during the tendering stage that the design pressures of
the waterways are not exceeded with the closing times specified.

13.12.4.7 Water Hammer Reflection Time and Critical Nozzle Stroke

Load cases LC-3 and LC-4, as defined in Chapter 13.12.4.10, consider the absence of negative
wave interference or the positive wave interference of the water hammer shock waves
respectively. In order to construct these load cases the reflection time of the waterway between
the turbine nozzle and the surge tunnel has to be calculated, which is 1.52 s.

13.12.4.8 Closing Time for Pelton Turbines

A closing time of 40 s has been considered for the turbine nozzle valves in accordance with the
2010 Feasibility Study, which results in admissible dynamic pressures based on the load case
simulated. It is recommended to approach NTDC during the next design stage to ensure that such
a closure time is acceptable by the grid.
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13.12.4.9 Performance Criteria

The applied performance criteria for minimum pressure along the Power Waterway is summarised
in Table 13-29. The recommended minimum pressure values are common practice considering
the existing range of velocities along the waterway system.

Table 13-29: Applied performance criteria

Structure Parameter Value
Waterway Minimum pressure 58.5 kPa (6.0 m WC) above tunnel soffit

An error margin has been applied to the raw computed data before the comparison with the above
performance requirements. Extreme pressures and rotational speed include additional
computation uncertainty margin. The uncertainty margin corresponds to 10% of the variation of
the examined quantity between its initial condition value and the extreme transient value, to be
added to the maximum transient values or subtracted from the minimum transient values.

13.12.4.10 Load Cases for Transient Calculations

The following load cases will be considered for transient calculations:

 LC-1: Full load rejection, while headwater at Lower Spat Gah forebay at FSL,

 LC-2: Standstill to full load, while headwater at Lower Spat Gah forebay at MOL,

 LC-3: Opening and closing in reflection time to and from critical nozzle stroke, while
headwater at Lower Spat Gah forebay at FSL,

 LC-4: Emergency closure with main inlet valves, while headwater at Lower Spat Gah
forebay at FSL,

 LC-5: Full load rejection and subsequent full load acceptance at the highest inflow
discharge from the Surge Shaft, while headwater at Lower Spat Gah forebay at MOL,

 LC-6: Full load acceptance and subsequent full load rejection at the highest outflow
discharge from the Surge Shaft, while headwater at Lower Spat Gah forebay at FSL,

 LC-7: Full load acceptance and subsequent full load rejection at the highest inflow
discharge into the Surge Shaft, while headwater at Lower Spat Gah forebay at FSL.

To remain consistent with the 2010 Feasibility Study, the two following exceptional load cases
have also been evaluated to determine the highest and lowest pressures and Surge Shaft water
levels:

 LC-8: Full load rejection and subsequent full load acceptance at the highest outflow
discharge from the Surge Shaft and subsequent load rejection at the highest inflow
discharge to Surge Shaft, while headwater at Lower Spat Gah forebay at FSL,

 LC-9: Full load acceptance and subsequent full load rejection at the highest inflow
discharge into the Surge Shaft and subsequent full load acceptance at the highest outflow
from the Surge Shaft, while headwater at Lower Spat Gah forebay at MOL.

All the load cases are carried out under the most adverse headwater levels at the Lower Spat Gah
Headworks.

All the load cases have been repeated for the maximum inflow contribution of 10 m3/s through
the Gabarband Intake tunnel to capture the most critical pressure/surge condition in throughout
different components of the Power Waterway.

Since the closing time for the desander intake gates is several times longer than the turbine nozzle
closing time, no load cases considering the flushing of desander bays need to be considered.

The initial state of the following components is determined based on a steady-state simulation of
the initial conditions above:

 Gabarband Intake Tunnel water level,
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 Surge Shaft water level.

13.12.4.11 Summary of Results of Transient Calculations

A summary of the maximum and minimum values for critical components along the Power
Waterway is presented in Table 13-30. As expected, load case LC-7 is decisive for the maximum
overpressures at the turbine distributors, which equals the target dynamic pressure rise of 118%
of the gross static head at the main inlet valve. The results of LC-7 for the location of the main
inlet valve are shown in Figure 13-10. The figures showing the results of the transient analysis of
the critical components in Table 13-30 are presented in Volume 7 – Project Design.

Table 13-30: Summary of results from the transient analysis for critical waterway components

Location Case Unit Raw
data

With
error

margin

Require-
ment

Load
Case Remarks

Waterway at
most upstream
(upper) mitre
(at Chainage
4+730.0 m)

Maximum
Pressure m WC 146.7 152.2 - LC-7 -

Minimum
Pressure m WC 15.2 9.0 6.0 LC-9 -

Lower
Gabarband
Intake forebay /
Gabarband
Intake Tunnel
pipe

Maximum
Forebay Water

Level
m asl 1,550.2 - - LC-7

Available
freeboard to

desander crest
level 1.9 m

Minimum
Water Level
along Pipe

m asl 1,460.4 1,456.5 - LC-9 -

Surge Shaft

Maximum
Water level m asl 1,637.1 1,649.8 - LC-7

Available
freeboard to

Surge Shaft adit
invert about 3

m

Minimum
Water Level m asl 1,343.3 1,327.7 6.0 LC-9

Available
freeboard to

Headrace
Tunnel junction

crown level
about 65 m

Headrace
Tunnel valve

Maximum
Pressure m WC 375.8 388.5 - LC-7 -

Minimum
Pressure m WC 80.6 64.9 6.0 LC-9 -

Upstream of
units (MIV)

Maximum
Pressure m WC 873.1 886.1 - LC-7 -

Minimum
Pressure m WC 575.9 560.2 6.0 LC-9 -
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Figure 13-10: Highest dynamic hydraulic grade line (HGL) and discharge at the main inlet valve of Unit 1 (LC-
7)

13.12.4.12 Conclusion

The hydraulic transient modelling was undertaken considering the proposed arrangement of the
waterway and machines of the Lower Spat Gah Project. The following can be concluded:

 The results of hydraulic transient simulations show the minimum pressures at control
points are within the range of the recommended performance criteria,

 The maximum overpressure upstream of the units would reach around 118% of the static
pressure.

More detailed modelling, calculations and analysis of the hydraulic transient processes will need
to be performed during the Detailed Design phase by the E&M Supplier, taking into consideration
all design parameters, all combinations of operating modes and related unit performance data.
During the tender process the bidding E&M suppliers shall confirm the suitability of the actual
Power Waterway by their own modelling and simulation.

13.13 Gabarband Crossing of Headrace Tunnel

13.13.1 Design Concept

The Headrace Tunnel crosses the Gabarband valley over a length of 86.5 m with an inclination of
0.75% at an axis elevation of about 1,299.6 m asl in the middle of the crossing. This tunnel
section has to be protected against erosion triggered from water (Gabarband River) and must be
able to tolerate deformations resulting from settlements over the whole service period.
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Figure 13-11: Cross section (top) and longitudinal section (bottom) and of Gabarband valley crossing

The Gabarband Crossing design is based on the information from the 2020/2021 geological
investigation. Based on the rock outcroppings on both valley sides and the reached bedrock in
one borehole, the rock surface in the Gabarband valley is at 30 m and deeper. Because the sound
rock is not reachable with a reasonable effort, the Gabarband River will be crossed using a
conventional and tailored suited cut and cover solution as follows:

 On both sides of the valley the excavation down to the tunnel level will be in the sound
rock such that a temporary tunnel portal can be established.

 The steel pipe with an inner diameter of 4.00 m will be supported by a reinforced concrete
cover.

 The reinforced concrete cover/sections with a width of 6.4 m will rest on levelling concrete
and well compacted gravel will be backfilled on the side. The subgrade for the gravel
consists of well compacted alluvial fill material. Rip rap will be placed on top of the section
as a protection. The remaining excavated area will be refilled with alluvium material to
restore the natural river course.
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 Between the steel pipe and the reinforced concrete cover a permanent elastic joint sealing
will be foreseen to tolerate differential settlements and resulting rotations of the concrete
cover blocks.

13.13.2 Construction Sequence

A construction in two stages with a river diversion is foreseen. Because of the high permeability
of the river deposits and because of space limitations, sealing elements (i.e. diaphragm wall or
secant concrete piles) are currently and conservatively foreseen. Even though the works in the
river bed is only planned for the dry season, the required river diversion cross section for both
phases has conservatively been calculated for a flood event with a return period of 20 years,
which is 212 m3/s.

A cross section with 8 m bottom width and 2H:1V side slopes has been foreseen. The diversion
starts about 35 m upstream of the Gabarband Crossing pipe and is released back into the river
about 45 m downstream. During the right side works (stage 1), a canal is dredged on the left
most side of the valley as shown in Figure 13-12. During the left side works (stage 2), a canal is
formed in the re-filled river bed. It is recommended to conduct terrestrial survey at the crossing
area to verify the topography and confirm the diversion concept.

Figure 13-12: Dredging canal cross section during stage 1

Based on the above calculations, a two stage construction sequence is proposed as follows:

 Stage 1: A sealing element upstream and parallel to the crossing as shown in Figure 13-11
starting from the natural ground surface is constructed to seal the open surface
excavation pit. The length of this element is assumed to a final elevation of 1,295 m asl
but shall be determined in further design stages. A second sealing element is constructed
along the river. The Headrace Tunnel section can then be constructed in a dry excavation
pit.

 Stage 2: The element which is located parallel to the Headrace Tunnel has to be removed
in the upper part to enable the river diversion stage 2. After the successful diversion of
the river and the excavation of a dry open surface excavation pit by using sealing
elements, the remaining sections of the Headrace Tunnel can be constructed.

13.14 Constructional Aspects

13.14.1 Construction Risks

In order to comply with the Project objectives and as an important part of a cost estimate the risk
assessment for the Project shall be carried out in each design stage. Potential hazards and their
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consequences should be identified. The time and cost impact of risks is evaluated and measures
are foreseen to mitigate these risks. Particular attention is paid to the geotechnical risk for which
a detailed geotechnical safety management plan is to be elaborated. The results of the risk
assessments have to be examined with respect to avoiding, transferring or accepting particular
risks. Risk management shall cover possible deviations from the Project objectives. The potential
for deviation depends on the particular Project stage and decreases with the degree of completion
of the Project. The cost estimate produced at a particular design stage must appreciate the result
of the risk assessment. A certain amount of provisions shall be allocated to the identified risks.

For all risks which have to be evaluated in the Project, a risk scenario shall be defined. The
incident, its reasons and the consequences have to be identified. To evaluate the risk and to
identify the associated cost and/or time implication, a definition of the standard project
parameters and the particular case which occurs as a result of the risk incident shall be provided.

Table 13-31 includes the most important risks for the waterway that have to be managed in this
Project.

Table 13-31: Waterway excavation risks, consequences and mitigation measures

Risk Impact Mitigation Measure

Unforeseen subsurface
conditions e.g. misjudgement
of ground properties.

Increased construction time,
higher costs

Thorough geological and
geotechnical investigation
programme, provide
adequate contingencies

Unexpected system
behaviour (ground-support
interaction)

Overstressing, damage,
defective materials, collapse
of excavation face, excessive
ground surface settlement

Adjustment within the chosen
construction method (adapt
support class)

High ground water level Water inflow, unforeseen
water chemical action,
unforeseen water level, wells

Grouting of tunnel face in
advance of excavation

Large overburden Rock bursting and rock
squeezing caused by high
primary stress

Additional support of tunnel
side walls with wire mesh for
better support classes.

13.14.2 Minimum Cross Section for Construction

For the construction a minimum section of 4 m width and height with bypass niches is required
to ensure sufficient space for manoeuvring and proper ventilation.

An exception is the mucking tunnel for the Surge Shaft where the cross section was decreased as
much as possible to minimise the concrete volume of the plug. Because of the short length
(<50 m) an inner cross section of 3.50 m width and height is found sufficient for construction
purposes.

13.14.3 Planned Construction Sequence

The Headrace Tunnel shall be excavated from 4 faces in parallel: i) from the Lower Spat Gah
Headworks area in the downstream direction, ii) from the two construction adits in the Gabarband
valley crossing in the upstream and the downstream directions, as well as iii) from the Upper
Erection and Gate Chamber at the downstream end of the Headrace Tunnel in the upstream
direction.

The Surge Shaft and the Pressure Shaft shall both be excavated with the vertical raise drill
method.

The Pressure Shaft shall be excavated with the same cross section as the Headrace Tunnel. The
steel liner shall be erected using an erection crane at the Upper Erection and Gate Chamber and
the remaining area of the cross section shall be backfilled with unreinforced concrete.

The Tailrace Tunnel shall be excavated from downstream to upstream starting from the Tailrace
Tunnel Outlet Structure at the Indus River at an elevation that is currently well above normal and
flood water levels.
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13.14.4 Construction Adits and Access Roads

13.14.4.1 Gabarband Valley Adits

A construction adit is foreseen at the right bank (Adit Tunnel RB). This tunnel will only be in use
during the envisaged construction time.

 Length: 136 m,

 Inclination: 12.0%,

 Cross section: 4.30 m width / 4.40 m height.

The adit portal location has been optimised based on the geological conditions. The invert of the
portal is at 1,310.10 m asl, which is above the 50-year flood of 1,306.69 m asl.

The adit will be plugged at the end of the construction works. The 24 m long concrete plug is
located next to the Headrace Tunnel.

At the left bank an adit is foreseen which shall be used for construction, but will also serve as the
dry access tunnel to the Gabarband Intake Tunnel during operation of the power plant (Adit Tunnel
LG/ Access Gabarband Intake).

 Length: 442 m,

 Inclination: 12.0/2.0%,

 Cross section: 5.50 m width / 5.25 m height.

The location of the adit portal has been selected based on the topographic and geological
conditions at the crossing. The adit portal invert has been placed at 1,306.40 m asl, which is
above the 50-year flood level of 1,304.50 m. The tunnel runs parallel to the valley at an inclination
of 12.0% in order to cross the Headrace Tunnel at a minimum vertical distance of 20 m for stability
purposes. The crossing distance is considered adequate because the Headrace Tunnel is fully lined
in this area and thus the adit is not draining the pressurised Headrace Tunnel. After the crossing
the adit has an inclination of 2.0% to connect to the junction chamber of the Gabarband Intake
Tunnel with the Headrace Tunnel. The vertical layout of the adit allows for natural drainage of the
adit itself but also from the Gabarband Intake Tunnel.

13.14.4.2 Adit to Upper Erection and Gate Chamber

An emergency butterfly valve is located in the Upper Erection and Gate Chamber at the upper
part of the Pressure Shaft. An adit tunnel shall provide access for construction purposes of the
Headrace Tunnel and Pressure Shaft but shall also serve as permanent access to the chamber
during the operation of the plant.

 Length: 470 m,

 Inclination: 1.0%,

 Cross section: 5.50 m width / 5.25 m height.

13.14.4.3 Adit to Surge Shaft Chamber

A construction adit is required to build the chamber at the top of the Surge Shaft and construct
the surge shaft. This tunnel will used during the construction and for maintenance during
operation as required.

 Length: 44 m,

 Inclination: 10%,

 Cross section: 5.50 m width / 5.55 m height.
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13.14.4.4 Passing and Turning Niches

Passing and turning niches are foreseen every 500 m (not shown on the drawings) for the
Headrace Tunnel, Tailrace Tunnel and Emergency & Ventilation Tunnel. However, this will strongly
depend on the needs of the construction company and whether conveyor systems will be used or
not. Also, equipment niches will be based upon the contractor’s preference.

13.14.5 Care of Water

Water shall be harnessed with mats and pipes and diverted into the longitudinal channel situated
on one side of the tunnel. In case of downwards excavation, pumps need to be installed and the
drained water has to be pumped out of the tunnel.

13.14.6 Required Site Installations and Installation Areas

An overview of all construction camps and spoil areas with the related areas is provided on the
Project layout drawing.

At the Lower Spat Gah Headworks, a construction camp is foreseen at the right bank downstream
of the Dar-Mose area.

On the right bank of the Gabarband valley a construction camp is planned near Sachoi village.

13.14.7 Spoil Area Requirements

At Upper Erection and Gate Chamber adit portal a disposal area is foreseen (Area #1).

At the Indus River left bank between the Tailrace Tunnel and the Powerhouse Cavern Main Access
and Power Evacuation Tunnel two disposal areas are planned (Area #2 and 3).

At the Gabarband valley a disposal area between the villages of Sachoi and Thoki on the right
bank is foreseen (Area #4)

At the Lower Spat Gah Headworks an additional spoil area (Area #5) is foreseen because a part
of the excavated tunnel material is planned to be used as fill material for the dam.

All spoil disposal areas are next to the rivers and not partially in them. They will be designed and
built such that the mucking material will also not end up in the river.

13.15 Standards, Codes and Guidelines

The following appropriate international standards, manuals and guidelines have been used for the
Headrace Tunnel civil design works of the Feasibility Study:

 Amstutz. 1969. Das Einbeulen von Schacht- und Stollenpanzerungen. Schweizerische
Bauzeitung.

 ASCE. 1989. Civil Engineering Guidelines for Designing and Planning Hydroelectric
Developments Volumes 2.

 ASCE. 1995. Guidelines for Design of Intakes for Hydroelectric Plants.

 ASCE. 2003. Journal of Hydraulic Engineering, Boes R.M. and Hager W.H., Hydraulic
design of stepped spillway.

 Brox, D. 2018. Hydropower tunnel failures – risks and causes. London engineering group
conference 2018 – Chesham, England, October 18.-19., 2018.

 Fenner, R. 1938. Untersuchungen zur Erkenntnis des Gebirgsdrucks. Glückauf, Jg. 74.

 Jacobsen, S. 1974. Buckling of circular rings and cylindrical tubes under external pressure.
Water Power, Volume 26.

 Marence, M. 2010. Geotechnical input essential for power waterway design. Rock
engineering in difficult ground conditions – Vrkljan. Taylor & Francis Group, London, 2010.

 Müller, L. 1978. Der Felsbau – Band 3 Tunnelbau – Ferdinand Enke Verlag, Stuttgart.



Feasibility Study
Volume 1: Main Report

Page 205

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

 Pacher, F. 1964. Deformationsmessungen im Versuchsstollen als Mittel zur Erforschung
des Gebirgsverhaltens und zur Bemessung des Ausbaus. Felsmechanik und Ing. Geologie.

 Schleiss, A 2005. Bemessung von Entlastungsventilen zur Beulsicherung von
Druckschacht-Panzerungen gegen Außendruck. Versuchsanstalt für Wasserbau,
Hydrologie und Glaziologie, Festkolloquium 7.Oktober 2005, 75 Jahre VAW.

 Schleiss, A. 1988. Design criteria applied for the low pressure tunnel of the North Folk
Stanislaus River Hydroelectric Project in California. Rock Mechanics and Rock Engineering
21, 161 – 181 , Springer 1988.

 Schleiss, A. 1997. Design of reinforced concrete linings of pressure tunnels and shafts.
Hydropower and dams, Issue three, 1997.

 Seeber, G. 1982. New ways for the construction of pressure tunnels. ISRM Symposium
Aachen, 1982.

 USACE. 1980. EM 1110-2-1602. Hydraulic Design of Reservoir Outlet Work. U.S. Army
Corps of Engineers. Washington D.C.

 USACE. 1997. EM 1110-2-2901. Tunnels and Shafts in Rock. U.S. Army Corps of
Engineers. Washington D.C.

 USBR. 1987. Design of Small Dams. United States Department of the Interior, Bureau of
Reclamation. A Water Resources Technical Publication.



Feasibility Study
Volume 1: Main Report

Page 206

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

14 Civil Design – Powerhouse

Corresponding Drawings

LSG-FS-090-001 Powerhouse, Layout, Overview Plan

LSG-FS-090-002 Powerhouse, Layout, Plan View

LSG-FS-090-003 Powerhouse, Tailrace Tunnel, Plan View at El. 757.60 m asl

LSG-FS-090-004 Powerhouse, MIV Floor, Plan View at El. 762.40 m asl

LSG-FS-090-005 Powerhouse, Turbine Floor, Plan View at El. 768.00 m asl

LSG-FS-090-006 Powerhouse, Generator Floor, Plan View at El. 772.60 m asl

LSG-FS-090-007 Powerhouse, Machine Hall Floor, Plan View at El. 778.60 m asl

LSG-FS-090-008 Powerhouse, GIS Floor and Machine Hall Crane Floor, Plan View at El.
790.50 m asl

LSG-FS-090-009 Powerhouse, Section A-A, Unit Axis

LSG-FS-090-010 Powerhouse, Section B-B, Penstock and Turbine Axis

LSG-FS-090-011 Powerhouse, Section C-C, Main Access and Power Evacuation Tunnel

LSG-FS-090-012 Powerhouse, Main Access & Power Evacuation Tunnel, Profile & Typical
Section

LSG-FS-090-013 Powerhouse, Emergency and Ventilation Tunnel, Profile and Typical Section

LSG-FS-090-014 Powerhouse, Rock Support and Excavation Sequence, Typical Sections

LSG-FS-090-015 Powerhouse, Excavation - Schematic Sequence, Step 00 - Step 03

LSG-FS-090-016 Powerhouse, Excavation - Schematic Sequence, Step 04 - Step 06

LSG-FS-090-017 Powerhouse, Excavation - Schematic Sequence, Step 07 - Step 10

LSG-FS-090-018 Powerhouse, Excavation - Schematic Sequence, Step 11 - Step 12

LSG-FS-090-019 Powerhouse, Rock Support Classes, Main Access & Power Evacuation Tunnel

LSG-FS-090-020 Powerhouse, Rock Support Classes, Emergency & Ventilation Tunnel /
Emergency & Power Evacuation Tunnel

14.1 Introduction

The Lower Spat Gah HPP involves the construction of an underground Powerhouse complex with
470 MW Installed Capacity that is located at the left bank of the Indus River about 1.3 km
upstream of the confluence with the Spat Gah River and 800 m below natural ground level
including the following structures:

 Machine hall with dimensions of 91.2 m length, 45.1 m height and 31.9 m span (26.5 m
span between EOT crane superstructure) housing three machine bays, one erection and
unloading bay and one dewatering pit,

 Transformer Cavern with dimensions of 88.7 m length, 17.1 m height and 17.95 m span
(16.3 m span between columns) housing three three-phase transformer cells 9.1 m wide
each, and the 15.5 m long and a gas insulated switchyard (GIS),

 Three (3) Insulated Phase Busbar (IPB) galleries with dimensions of 48.0 m length,
7.70 m height and 8.20 m span each and three (3) Tailrace Tunnels merging into one
tunnel.

The main purpose of the Powerhouse is to house the mechanical and electrical equipment required
for the three Pelton turbine sets with a spacing of 25 m between units. The above and the layout
of the caverns complex in general are indicative at this stage and shall be viewed with caution.
As usual in the hydropower industry, the layout of both caverns will be subject to a final space-
proofing assessment after contract awards in close cooperation with the appointed E&M supplier.



Feasibility Study
Volume 1: Main Report

Page 207

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

14.2 Design Criteria

This chapter outlines the particular functional and operational requirements of the Powerhouse.

14.2.1 General Arrangement

The Lower Spat Gah Powerhouse will be a drained underground facility comprising:

 A Power Cavern housing three Pelton turbines generating units blocks, a control room and
all associated electro-mechanical auxiliaries required for operation of the power station.
The erection bay will allow the indoor pre-assembly of the generator rotor and stator
during installation and maintenance of the equipment,

 A Transformer/GIS Cavern housing the three station’s transformers, power transmission
equipment and the GIS,

 Three IPB galleries connecting both caverns.

Caverns having straight walls appear feasible for the expected geological conditions, however,
preference has been given to caverns having slightly curved walls to offer more flexibility in design
in the event the geological conditions are worse than currently expected and to take advantage
of the space left available between the structural C line and the columns supporting the concrete
structures above the machine hall and transformers hall floors above.

For the purpose of the caverns and main equipment layout, it was considered that the Project will
use a rated head difference of 722.08 m between the Lower Spat Gah Headworks forebay and
the Tailrace structure to produce 478.0 MW at the turbine shaft in generation mode at a rated
discharge of 75 m3/s and that the three Pelton units will operate at a speed of 428.57 rpm.
Accordingly, the Powerhouse has been designed around the following main electro-mechanical
equipment:

 Turbine: 3 Pelton units with vertical axis

 Centre line: 765.40 m asl

 Tailrace water level: 762.40 m asl

 Main inlet valve: 3 spherical valves, diameter 2,000 mm

 Generator: 3 synchronous generators, 428.57 rpm

 Main transformer: 3 step-up transformers, 190 MVA, 220 kV

 Machine hall crane: 1 indoor overhead bridge crane, 300 t

The elevation of the Powerhouse was defined by the centre line of the three Pelton units set out
at 765.40 m asl. In the close vicinity of the caverns complex, steel lined High Pressure and
concrete lined free-flow Tailrace Tunnels will be provided to connect the Headrace and the Tailrace
Tunnels respectively and prevent high leakages from entering the caverns.

In the lower section (up to elevation 778.60 m asl) the interior concrete work of the Power Cavern
will consist of reinforced concrete in which the three units will be embedded allowing a safe and
efficient transfer of turbine and generator loads to the surrounding rock mass.

From elevation 778.60 m asl upwards, reinforced concrete columns and machine hall crane beams
will have to be constructed. The loads from the machine hall crane will be directly transferred to
the reinforced concrete sections below and the rock mass via the crane beam supported on
columns.

Following the notification of the exact loads from the selected E&M supplier, a detailed structural
analysis of the whole structure shall be carried out during detailed design stage and therefore it
cannot be excluded that some of the concrete thicknesses will have to be adjusted accordingly.

14.2.2 Main Access and Power Evacuation Tunnel

The Main Access and Power Evacuation Tunnel (MAPET) shall be sized to be sufficient for
construction, operation and maintenance activities as it must be capable of accommodating all
equipment and plant required to enter the station, water discharge and firefighting pipework,
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lighting, power evacuation cables and/or ventilation ducts. The Main Access and Power Evacuation
Tunnel was also sized to bring in the steel pipes to be installed at the High Pressure Tunnel.

As the Main Access and Power Evacuation Tunnel approaches the caverns, it will branch to permit
vehicular access to the erection bay at the machine hall floor of the two caverns. The tunnel shall
also be sized to facilitate the removal of all items of plant and equipment transiting and/or being
installed at the Power Caverns complex.

14.2.3 Emergency and Ventilation Tunnel

The Emergency and Ventilation Tunnel shall be sized to permit vehicular access being understood
that major equipment and plant will not enter via this route and be sufficient for emergency and
ventilation purposes. The Emergency and Ventilation Tunnel enters the Transformer Cavern along
the edge furthest from the generating unit No. 1.

14.2.4 Access in General

Hatches

The machine bays will be provided with easily accessible removable hatches for all floors above
the MIV floor level to allow loads and large equipment to be moved by the main EOT crane through
all levels of the station.

Egress Paths

All areas will be provided with at least two paths of egress where there exists a feasible event
that could cause one egress route to become impassable. Services will not be located along arterial
egress paths which have to be arranged in a way so that an intuitive path is provided.

Ladders

The use of ladders to provide access to areas and/or particular equipment and plant shall be
avoided as much as possible. Where this is not practically possible, ladders have been proposed.

Elevators For Access Paths

The Power Cavern will be provided with stairwells and one liftwell providing access through all
levels below the machine hall floor. In addition, two stairwells located at both ends of the
Transformer Cavern will provide access through the two floors of this cavern.

Influence of Structural Arrangement

The structural arrangement will ensure that sufficient space is provided to key areas (e.g.
generator lower guide, thrust bearing and brake area and upper generator rotor) around
equipment and plant to facilitate maintenance tasks without requiring significant disassembly.
The top of the transformers shall be accessible via integrated access system to facilitate inspection
and maintenance of components such as seals, fasteners and instrumentation.

14.2.5 Power and Transformer Caverns

In addition to the general requirements outlined above, the power and the GIS/Transformer
Cavern shall be designed in such a way that:

 The arrangement of mechanical and electrical equipment will be unitised and physically
separated in order to, as much as possible, promote correct identification of plant and
make simple exclusion during maintenance activities,

 A unitised arrangement shall be provided as much as possible whereby all associated
auxiliary equipment can be located within the same bay,

 It is accessible from the MAPET and incorporates one erection/unloading bay aligned along
the edge furthest from the generating unit No. 1,

 The hydraulic layout of the plant shall be symmetric,
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 All three three-phase transformers will be located in individual fire-separated enclosures
with a removable and re-constructible front fire and explosion resistant walls to facilitate
maintenance,

 The transformers will be able to be relocated from their enclosure in the transformers
cavern into the machine hall via mobile shifting tracks,

 The Emergency and Ventilation Tunnel will meet the station complex at the western end
of the Transformer Cavern,

 The Emergency and Power Evacuation Tunnel will meet the station complex at the eastern
end of the Transformer Cavern near the GIS to minimise the length of and the complexity
of electrical cables and busbars.

The permanent main station crane (EOT crane) will be supported by a system of reinforced
concrete beams and columns. It is advised to construct a temporary crane beam anchored to the
rock with post tensioned tendons and install one or two temporary cranes to accelerate the works
and bring the completion date of the Power Caverns complex forward.

14.2.6 Layout and Rooms

The final caverns complex arrangement shall be based on the minimum room area and height
requirements. It is noted that a preliminary space proofing has been undertaken by the Consultant
to obtain the dimensions of all main generating equipment and electrical and mechanical balance
of plant defined in chapter 15 as basis for the plant layout.

14.2.7 Plant Maintenance

The structural arrangement of the caverns complex shall enable:

 All plant is provided with access that will facilitate periodic inspection, maintenance and
testing,

 Maintenance of plant can be undertaken without requiring the disassembly of un-
associated generation equipment,

 The removal of the turbine to the machine hall floor without requiring the removal of the
generator through the incorporation of an intermediate shaft and suitable handling
equipment,

 Auxiliary equipment located within the transformer enclosure to be removed without
requiring the removal of the transformers.

14.3 Powerhouse Layout

14.3.1 General

The general layout of the Powerhouse is shown in the Figure 14-1 to Figure 14-4.
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Figure 14-1: Powerhouse layout and plan view

Figure 14-2: Machine hall floor - plan view at elevation 778.60 m asl
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Figure 14-3: Section A-A – unit axis

Figure 14-4: Section B-B – Powerhouse and Transformer Caverns
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14.3.2 Vertical Connections

The different floors will be connected with stairwells or ladders as follows:

 Stairwells: Three main stairwells above the MIV floor in the Power Cavern and two above
the machine hall floor in the Transformer Cavern,

 Ladders: The dewatering and drainage sump, the oil separator and the machine hall crane
will be accessible using steel ladders after the removal of concrete pre-cast hatches at
the bottom of the cavern,

 Hatches and erection openings: The Power Cavern will be provided with two hatches
installed between units 1-2 and 2-3 for the installation and maintenance of the main inlet
valves using a system of rails and monorails fixed to the bottom of the turbine floor above.
These hatches will also be used for the maintenance of the runner and all other smaller
equipment found at the MIV floor. A third larger hatch will be provided in the Transformer
Cavern for the erection of the GIS.

14.3.3 Horizontal Layout

The horizontal layout with a list of all main plant components per floor is given in Table 14-1 and
Table 14-2 for the Power Cavern and the Transformer Cavern/IPB Tunnels respectively.

Table 14-1: Horizontal layout of Power Cavern

Floor Level Rooms and Equipment

Tailrace Tunnel
El. 757.60 m asl

- Turbine Pit U1-3
- Tailrace Tunnel U1-3
- Drainage and Dewatering Sump
- Oil Separator

MIV Floor
El. 762.40 m asl

- Inlet Valves U1-3
- Turbine Spiral Case and Runner U1-3
- Runner Maintenance Shaft

Turbine Floor
El. 768.00 m asl

- Cooling Water Equipment
- HPU for Turbines U1-3
- HPU MIV U1-3
- Low Compressed Air Room
- Lubrication Oil Storage
- Firefighting Room
- Industrial and Domestic Water Distribution

Generator Floor
El. 772.60 m asl

- Generators U1-3
- MV Switchgears
- LV Switchgears
- MV Transformers
- Battery Room
- HVAC Room

Machine Hall Floor
El. 778.60 m asl

- Erection Bay
- Unloading Bay
- Control Room
- Server Room
- Mechanical Workshop
- Electrical Workshop
- Medical Supply / Emergency / First Aid Room
- Lockers
- Toilets Male/Female
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Floor Level Rooms and Equipment
- Meeting Room / Office
- Kitchen / Dining Room
- LV Switchboard

Machine Hall Crane Floor
El. 790.50 m asl

- Machine Hall Crane

Table 14-2: Horizontal layout of Transformer Cavern and IPB Tunnels

Floor Level Rooms and Equipment

Machine Hall Floor
El. 778.60 m asl

- Excitation Transformer
- Breaking Switch
- Generator Circuit Breaker
- Isolated Phase Bus Duct
- 3 Phased Transformer
- Fire Fighting System Transformer
- Transformer Rotating Area

GIS Floor
El. 786.20 m asl

- GIS

14.4 Health, Fire Life Safety and Emergency Considerations

14.4.1 Fire Hazard and Smoke Extraction

It was briefly checked that the volumes inside the caverns shall be sufficient to accommodate the
main ducts for fresh air supply and smoke extraction.

A smoke extraction system will collect smoke at any level and extract it to surface via the Main
Access and Power Evacuation Tunnel. A separate smoke extraction shaft will be provided inside
the Power Cavern near the stairwell No. 1.

14.4.2 Medical and First Aid Room

The medical supply, emergency and first aid room will be located at the machine hall level near
the Main Access and Power Evacuation Tunnel.

14.4.3 Fire Zones

The Powerhouse complex will be divided into fire zones by incorporating fire barriers, separated
by fire and pressure retaining doors. Each floor will be a separate fire zone and all vertical
openings shall be closed with fire-proof and smoke-proof material. A physical separation between
the units is not foreseen. The main hatches will be closed with removable pre-cast concrete
covers.

The following design philosophy was followed by the Consultant for space proofing assessment
and layout arrangement of the caverns complex based on experience gained on similar projects:

 Stairwells: All stairwells will be separate fire zones with concrete casing and pressurised
ventilation to be designed by the E&M supplier,

 MIV floor: No separation between the units and between upstream and downstream,

 Turbine floor: No separation between the units. The turbine pit will be a separate fire zone
separated from the upstream and the downstream areas. Low compressed air and
lubrication oil storage rooms will also be separate fire zones,
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 Generator Floor: No separation between the units. The generator pit will be a separate
fire zone and the downstream and upstream areas will be separate fire zones as well.
Separate zones are foreseen for the mechanical and electrical balance of plant equipment
such as the HVAC room, battery room, LV/MV/switchboard and MV transformers. The
generator room will form a separate fire zone for each unit with a separate fire
extinguishing concept,

 Machine hall floor: No separation between the units and to the erection/unloading bay
foreseen. The unit control and protection rooms, the electrical and mechanical workshops,
the control room, and other rooms (e.g. office, meeting room, toilet, locker, kitchen,
storage, etc.) at the Power Cavern will be separate fire zones,

 Each and every IPB gallery will form a fire zone separated from the Power and Transformer
Caverns,

 The Transformer Cavern will house three transformer cells which will be a separate fire
zone with its own extinguishing concept. The GIS floor will also be a separate fire zone.

14.4.4 Stairwells and Escape Routes

A modern powerhouse requires a redundant access system in case the main entrance is blocked.
In accordance with international standards, the Power Cavern will be provided with three stairwells
giving access through all levels above the MIV floor and two of them will be located at both ends
of the cavern with direct access to the main access and the Emergency and Ventilation Tunnel.
Similarly, the Transformer Cavern will be equipped with two stairwells with direct access to the
Emergency and Ventilation Tunnel. All stairwells will be pressurised and closed with concrete
walls.

Panels and emergency lights throughout all floors of the Powerhouse will indicate the closest
stairwell. Stairwells will be constantly kept under light and over-pressure from the HVAC system,
preventing smoke from entering.

In case of an emergency evacuation several escape routes can be used. The Main Access and
Power Evacuation Tunnel will be provided with a separated walkway for evacuation to the surface
safe from smoke inhalation. In addition an Emergency and Power Evacuation Tunnel with three
access points at the opposite side of the caverns is designed which is connected to the Main Access
and Power Evacuation Tunnel. A third escape route is provided by the Emergency and Ventilation
Tunnel.

14.4.5 Anchoring of the MIV Forces

The MIV forces resulting from the closure of the MIV will be transferred to three anchor blocks
made of reinforced concrete located circa 15.0 m upstream of the Power Cavern via the steel
penstock and stiffener ring(s). From this anchor block on, the force will be transferred to the
surrounding rock.

The final location of the anchor blocks will have to be coordinated with the E&M supplier and the
designer of the steel lining to ensure that the walls of the Power Cavern are not stressed beyond
their expected design capability.

14.4.6 Main Access and Power Evacuation Tunnel

The main dimensions of the Main Access and Power Evacuation Tunnel have been selected in such
a way to guarantee the transport of the largest equipment parts into the cavern and the lower
erection chamber, the main transformer in this case as shown as the red line in Figure 14-5. The
Main Access and Power Evacuation Tunnel to the Power Cavern will house physically separated
evacuation tunnel and smoke extraction ducts, power evacuation cables, the cavern exhaust air,
the firefighting pipe and several other supply cables and pipes.

The portal of the Main Access and Power Evacuation Tunnel will be located close to the
construction camp and will connect to the erection/unloading bay of the Power Cavern. It has a
length of 1,212 m between the portal and the Power Cavern, and a downwards slope to the cavern
of 1.7%.
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Figure 14-5: Main Access and Power Evacuation Tunnel – typical section

The layout of the Main Access and Power Evacuation Tunnel is shown on the overview drawing
while the profile and the typical section are shown on the respective drawing of the powerhouse
feature in Volume 14 of this Feasibility Study. The excavation of the tunnel will be executed with
the conventional drill and blast method. The excavation support classes are also shown on the
respective powerhouse drawing.

14.5 Emergency and Ventilation Tunnel

The main dimensions of the Emergency and Ventilation Tunnel have been selected in such a way
to provide vehicular access and space for ventilation as shown in Figure 14-6.

Figure 14-6: Emergency and Ventilation Tunnel – typical section

The layout of the Emergency and Ventilation Tunnel is shown on the overview drawing while the
profile and the typical section are shown on the respective drawing of the powerhouse feature in
Volume 14 of this Feasibility Study.

The portal of the Emergency and Ventilation Tunnel will be located close to the construction camp
and will connect to the Transformer Cavern. It has a length of 1,167 m between the portal and
the Power Cavern, and a downwards slope to the cavern of 1.8%.

The excavation of the tunnel will be executed with the conventional drill and blast method. The
excavation support classes are also shown on the respective powerhouse drawing.
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14.6 Emergency and Power Evacuation Tunnel

The main dimensions of the Emergency and Power Evacuation Tunnel have been selected in such
a way to provide vehicular access and space for ventilation as well as the 220 kV cables as shown
in Figure 14-7.

Figure 14-7: Emergency and Power Evacuation Tunnel – typical section

The layout of the Emergency and Power Evacuation Tunnel is shown on the overview drawing
while the profile and the typical section are shown on the respective drawing of the powerhouse
feature in Volume 14 of this Feasibility Study.

The tunnel has a length of 260 m between the eastern end of the Transformer Cavern and the
Main Access and Power Evacuation Tunnel, and a downwards slope to the cavern of 0.5%.

The excavation of the tunnel will be executed with the conventional drill and blast method.

14.7 Emergency Tunnel

The main dimensions of the Emergency Tunnel have been selected in such a way to provide
vehicular access and space for ventilation as shown in Figure 14-8.

Figure 14-8: Emergency Tunnel – typical section

The layout of the Emergency Tunnel is shown on the overview drawing while the profile and the
typical section is the same as for the Emergency and Power Evacuation Tunnel shown on the
respective drawing of the powerhouse feature in Volume 14 of this Feasibility Study.

The tunnel has a length of 16 m between the eastern end of the Transformer Cavern and the
Emergency and Power Evacuation Tunnel, and a downwards slope to the cavern of 0.6%.

The excavation of the tunnel will be executed with the conventional drill and blast method.
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14.8 Tailrace Tunnel

The Tailrace Tunnels of each unit will merge into one free-flow Tailrace Tunnel common to all
three units and the turbined water will be returned to the Indus River. It has a length of 1,312 m
between the unit 3 pit and the Tailrace Tunnel Outlet Structure, and a slope of 0.1%. A surface
outlet structure is foreseen at its downstream end to safely dissipate the energy of the water and
prevent regressive erosion.

The layout of the Tailrace Tunnel is shown on the overview drawing of the powerhouse features
and the profile and typical section are shown on the respective drawing of the power waterway
feature in Volume 14 of this Feasibility Study (refer also to Figure 14-9).

The excavation of the tunnel can be executed with the conventional drill and blast method. The
excavation support classes can also be seen in the respective power waterway drawing. Six
support classes (shotcrete, wire mesh and rock bolts) are designed.

Figure 14-9: Tailrace Tunnel – typical section

14.9 Plant Construction, Installation and Maintenance Concept

14.9.1 Excavation Sequence and Rock Support

Excavation

The excavation of the caverns will be executed with the conventional drill and blast method. The
proposed rock support and excavation sequence are shown on the respective drawings of the
powerhouse feature in Volume 14 of this Feasibility Study.

It is foreseen that the excavation of the caverns will be carried out using ramps inside the caverns
starting at the crown area of the caverns. Smooth blasting will be required in the close vicinity of
the final walls of the two caverns.

Two glory holes connecting the Tailrace Tunnel to the machine and Transformer Caverns may be
planned for the mucking of the excavated material through the Tailrace Tunnel for ease of logistics
at the Main Access and Power Evacuation Tunnel.

Finite Element Analysis

A preliminary and simplified finite element analysis has been performed for the excavated cavern
cross section in order to assess the expected stresses and deformations, estimate the required
support measures (anchor lengths, need for post-tensioning system) and verify the chosen
distance between the Power Cavern and the Transformer Cavern.

The rock mass parameters were defined for stress-dependent shear strength parameters (Mohr-
Coulomb) with the software RocLab. The finite element analysis was performed with the software
Examine 2D as presented in Volume 7 – Project Design.
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Rock Wedges Stability Analysis

The orientation of the discontinuities was investigated for the 2010 Feasibility Study and the main
findings are presented in Volume 4 - Geology.

Preliminary rock wedge analyses have been performed for the unsupported excavation and after
implementation of the rock support measures defined in chapter for the three pre-identified main
discontinuities and the assumed properties presented in Volume 7 – Project Design.

Results

The results of the Power Cavern calculations are compiled in Volume 7 – Project Design.

There is a reasonable distance between the zones around the cavern with a strength factor < 1
(plastic zone). As a consequence, the chosen distance between the two caverns of 1.5 x Dmain cavern
(or 73.50 m between axes) is deemed appropriate. The depth of the plastic zone is approximately
3.5 m. A systematic rock bolting of 6 m depth with a grid of 2.0 m x 2.0 m is foreseen to cover
that zone, allowing for a minimum of 2.5 m of anchor length which is also deemed appropriate
for the proposed rock mass parameters.

The results of these analyses are the calculated factors of safety for the identified wedges. A
summary of the calculated safety factors and the detailed graphic output are compiled in the
Volume 7 – Project Design demonstrating the suitability of the proposed rock support.

Excavation Support

The following support system is envisaged for the main cavern excavation.

A 35 cm thick shotcrete layer is foreseen at the crown until the elevation of the crane beam is
reached. A shotcrete layer with 30 cm thickness is proposed to be applied at the lateral walls.
Systematic rock bolts with a length of 6 m and a grid of 2.0 m x 2.0 m and pre-stressed thread
bar anchors with a length of 15 m and a grid of 4.0 m x 4.0 m are proposed to be applied to
stabilise the surrounding rock area during construction and operation of the plant.

Next, the application of temporary pre-stressed tendons at the crane beam elevation, with a
length of 35-45 m and a spacing of 1.5 m in order to fix the crane beam before construction of
the columns underneath in order to use a temporary crane for all excavation and concrete works
before the construction of the machine hall columns/beams.

A 25 cm thick shotcrete layer and systematic rock bolting with a length of 6 m and a 2 x 2 m grid
is currently envisaged for the Transformer Cavern excavation.

14.9.2 Construction Phases

The construction schedule developed in Chapter 20 for the Power Cavern considers a sequence of
hand overs from bottom to top with first stage and second stage concrete activities by the civil
Contractor proceeding in parallel to the installation of the main equipment by the E&M supplier.

Chapter 20 presents the concreting and E&M installation sequences assumed by the Consultant
for planning purposes based on the Power Cavern complex arrangement. The sequence of events
and the critical path can be described as follows:

 Following the completion of excavation phases I and II with ramps inside the cavern, the
crane beam will be casted and supported by pre-stressed tendons as shown on the
respective powerhouse drawings and required for the installation of a temporary
(approximately 18 ton) auxiliary crane,

 Completion of the remaining excavation phases III to VII until the excavation in full of
the Power Cavern is complete for the concrete works to start,

 Concreting of the Tailrace Tunnel, dewatering sump, MIV floor and foundations available
for steel lining and the spiral case installation,

 Installation of the high pressure steel lining and the spiral case followed by their
subsequent embedment in concrete,

 Concreting of the turbine floor, generator floor and foundations, machine hall floors,
erection bay and the machine hall superstructure above supporting the EOT crane beam,
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 Installation of the steel drip shield and the EOT crane and completion of all sensitive
concrete activities to provide a dust free working area to the main supplier for the
subsequent installation of the generator and the MIV,

 Installation of the generator and the remaining sensitive electrical auxiliaries,

 Commissioning activities.

The sequence of events is much simpler at the Transformer Cavern and the interfaces between
civil Contractor and E&M supplier are as follows:

 Concreting of the machine floor and the transformer foundation for subsequent
installation,

 Concreting of the GIS and GIS foundation available for subsequent installation.

14.9.3 Main Mechanical Equipment

Auxiliary Crane

There will be an (approximately 18 ton) auxiliary crane installed on temporary crane beams
anchored to the surrounding rock mass used for the first stage concrete activities of the Power
Cavern.

EOT Main Crane

The erection of the main EOT crane using a mobile crane can only start after the first stage
concrete has reached the elevation of the machine hall crane rail beam. Following the erection
and the commissioning of the EOT crane all major station equipment can be lifted directly from
the transportation trucks to the related equipment positions or erection openings.

It is noted that the pre-assembly and the installation of the generators can only start following
the erection of the main EOT crane in a dust free environment and is not feasible using the
auxiliary crane.

Spiral Case Installation

The foundation of the generator floor above sitting on top of the concrete around the spiral case,
the spiral case shall be installed and embedded into the concrete without the main EOT crane
available.

This will however require the timing of the spiral case installation to be coordinated with the
ongoing concreting activities, the main drawback being that the spiral case will be on the critical
path. Space permitting at the Power Cavern, it may be an option to weld the two pieces of the
spiral case at the erection bay and lift the spiral case down to the MIV floor using a large mobile
crane.

After lifting, the spiral case element(s) will be moved across the machine bays with a rails system
and the help of auxiliary crane to its final installation position for welding if not already pre-
assembled.

Turbine Runner

The turbine runner and other parts will be delivered through the Main Access and Power
Evacuation Tunnel and further distributed to their final installation using the EOT crane.

For maintenance and inspection works on the turbine runner, the current design allows for an
easy and quick dismantling from below through the MIV access corridor without removing the
motor-generator and the runner will be moved to the machine floor via one of the two hatches
that will be closed with precast elements after the successful completion of the operation. This
procedure allows the plant Operator to inspect and maintain the main important parts of the
turbine in an efficient and convenient way with the objective to deliver a plant with high
availability.

Main Inlet Valves

The MIVs will be transported to site in one piece and will be lowered through the hatches to the
MIV floor.
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The MIV transport from the central hatches to the final erection location will be done with a rail
transport device. The erection and dismantling of the counterweights will be done with local
monorail cranes and ceiling lifting hooks.

14.9.4 Main Electrical Equipment

Generator

The pre-conditions to the generator installation are as follows:

 Complete erection bay floor,

 All Power Cavern openings closed,

 Main EOT crane ready for operation,

 Access to the Assembly Bay for unloading heavy equipment,

 Architectural works largely complete, generator pit dry, clean and dust free.

In line with common practise in the hydropower industry, the erection bay has been sized to allow
for parallel pre-assembly and maintenance works on the below four components:

 Stator: frame assembly; core stacking (possible also in the pit),

 Rotor: Rim stacking; pole mounting,

 Lower bracket/bearing: guide bearing, lower bracket; shaft,

 Upper bearing/bracket: combined bearing; upper bracket, thrust collar, shaft.

Due to the size and the weight of the generator it will be transported to the site in separate pieces.
The main parts are the frame parts of the stator as well as the solid rotor body. The rotor will be
assembled at the erection bay and after that the complete rotor will be lifted into the unit pit with
the EOT crane.

In case of failure or during maintenance works at the generators, the rotor of the unit can be
lifted for maintenance at the erection bay. All stator correlated repair or maintenance works will
be made in the generator pit. Single poles can be dismantled without rotor lifting.

Unit Transformers

The unit transformers will be transported through the Main Access and Power Evacuation Tunnel
with a self-propelled transporter that is a proven solution which has been executed at several
projects where the Consultant was involved. The transporter will able to unload the unit
transformer on the steel plates prepared for rotating the transformer by 90 degrees. To reach the
final position the transformer will be pushed via mobile equipment on shifting tracks to its final
location.

The main benefit of such transport solution as opposed to a conventional flatbed trailer is that
excavation savings are possible upstream of the erection bay at the machine hall floor of the
Power Cavern. The use of such transportation method will however need to be confirmed by the
appointed E&M supplier.

In the event of major maintenance or repair works in the factory, the transformers will be
transported in the same way out of the cavern.

220 kV GIS

The heaviest component of the GIS equipment will be one complete feeder delivered via trailer.
The complete feeder will be delivered to site using the MAPET and lifted using the local monorail
crane and ceiling lifting hooks installed at the crown of the Transformer Cavern. The remaining
parts and interconnections will be brought in the same way. The components will then be moved
using the same monorail crane. In case of equipment failures the faulty component will be
replaced and it will not be necessary to dismantle the whole feeder. The HV cable systems between
the unit transformers and GIS will be installed with correspondent cable pulling machines and
track rollers.
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Generator Switchgear Equipment

The main part of the generator switchgear with the biggest dimensions is the generator circuit
breaker (GCB). It will be loaded/unloaded using the EOT crane at the Power Cavern and
transported on transport trolleys to its final location inside the IPB galleries. During maintenance
works the respective parts from the GCB will be replaced.

14.10 Standards, Codes and Manuals

The following appropriate international standards, manuals and guidelines will be used for the
Powerhouse civil design works of the Feasibility Study:

 ACI American Concrete Institute

 ANSI American National Standards Institute

 ASTM American Society for Testing and Materials

 BSI British Standards Institution

 EN European Standard (all related Eurocode standards)

 USACE United States Army Corps of Engineers

 USBR United States Bureau of Reclamation
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15 Hydro-Mechanical Equipment

15.1 Introduction

This chapter gives a general description of the hydro-mechanical equipment of the Lower Spat
Gah Project placed at the following locations and provides a summary of Volume 8 – Mechanical
and Electrical Equipment.

 Lower Spat Gah Headworks including flushing channel and desander,

 Lower Gabarband Intake,

 Power Waterway.

The arrangement and the general dimensions of the equipment are shown on the drawings which
are presented in Volume 14 –Drawings. The technical data of the hydro-mechanical equipment
can be found in the Volume 8 – Mechanical and Electrical Equipment.

15.2 Lower Spat Gah Flushing Channel

The Lower Spat Gah flushing channel is located to the left of the desander intake at the right
bank. In addition to its flood protection purposes, the Lower Spat Gah flushing channel is also
used for the flushing of sediments in front of the desander intake area and is equipped with three
(3) separate flushing channels. Further also the equipment for residual flow discharge is part of
the flushing channel structure.

15.2.1 Flushing Channel Radial Gates with Flap

For sediment flushing purposes and water discharge in case of a flood event, the Lower Spat Gah
flushing channel will be equipped with three (3) independent radial gates. Each gate is 9.50 m
wide and 23.71 m high including the 80 cm above the FSL or 6 cm above 10,000-year flood and
will be operated by two double acting hydraulic cylinders. In order to flush floating debris, the
installed radial gate No. 3, which is the closest to the desander intake, will be equipped with a
flap gate at its top with approximately 7.50 m width and 4.00 m height.

The radial gates shall be designed to be able to close by their own weight in full flow condition
and shall be designed for the static pressure of the reservoir maximum flood water level and
hydrodynamic pressure due to earthquake conditions (SEE with 3,000-year return period). To
guarantee tightness of the gate, the radial gates will be supplied with rubber seals at both sides
as well as at the bottom. The sealing of the gates shall be designed to withstand the abrasive
water flow during flushing of the sediments in front of the desander intake.

15.2.2 Flushing Channel Stoplogs

For repair and maintenance purposes, the flushing channel radial gates will be provided with
upstream and downstream stoplog elements. The upstream and downstream stoplog will normally
be kept in their storage position in the stoplog slots or above the slots at deck elevation.

For lifting and lowering of the gates, a semi-automatic lifting beam will be supplied enabling
manipulation of the gates using the flushing channel stoplog traveling gantry crane. However, at
any time that a maintenance operation is required on one of the flushing channel radial gates,
the stoplog set will be placed into the stoplog slot of the respective bay, making an effective water
retaining barrier for working safely on the radial gates.

The stoplogs shall be designed to be able to close and open in balanced condition and shall be
designed for the static pressure of the reservoir FSL and hydrodynamic pressure due to
earthquake conditions (DBE for upstream gate and OBE for downstream gate). This pressure
equalised opening condition will be obtained by lifting the upper stoplog element in filling position.

15.2.3 Residual Flow Equipment

The residual flow will be released through a pipe embedded in the right abutment of the flushing
channel structure.
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The intake for the residual flow release will be located in the left wall behind the trash rack of the
left most desander intake. The outlet will be located downstream of the flushing channel radial
gate in the right channel wall.

The right abutment of the flushing channel will be supplied with a shaft for installation of the valve
for regulation of the residual flow velocity as well as the maintenance valve.

15.2.4 Flushing Channel Gantry Crane

For handling of the flushing channel stoplogs in case of inspection, maintenance and repair works,
the flushing channels of the Lower Spat Gah HPP will be supplied with their own gantry crane.

The gantry crane shall be installed at the top of the flushing channel structure and is intended for
the lifting and lowering operation of the stoplog elements in the upstream and downstream stoplog
slots at the three (3) flushing channel bays. The same gantry crane will also be used for erection
and maintenance of the three (3) radial gates. In addition the railing system for lateral moving of
the gantry crane will be extended in the direction of the desander intake area for unloading of
trucks and storage of the stoplog elements. DBE earthquake conditions will be considered in the
design.

15.3 Lower Spat Gah Desander

To increase the lifetime of the turbines and avoid significant O&M costs, a large desander structure
will have to be designed and constructed at the right abutment to remove all particles with design
grain size higher than 0.3 mm for the Minimum Operating Level.

Channels at the downstream end of the desander bays shall be foreseen to allow the flushing of
the settled sediments back to the Spat Gah River downstream of the Lower Spat Gah Headworks.

15.3.1 Desander Intake Trash Rack and Trash Rack Cleaning Machine

15.3.1.1 Intake Trash Rack

The intake structure will consist of three (3) separate intakes protected with 80° inclined trash
racks to prevent trees and other floating debris from entering the desander system.

The single welded panels of the trash racks are bolted on supporting beams and braced to the
steel side frame. Each panel will consist of vertical flat steel bars, horizontal bar spacers which
also interconnect the single panels and are used for lateral bracing to the embedded frame.

The design, fabrication and installation shall be done to withstand respective loads resulting from
the trash accumulated in front of the rack panels and to also avoid vibration. Clearance between
the rack elements and the need for intermediate beams will have to be finalised in discussion with
the chosen E&M supplier to minimise risk of passing trash and vibrations respectively.

15.3.1.2 Intake Trash Rack Cleaning Machine

The trash racks will be cleaned by a gantry type rope system trash rack cleaning machine (TRCM).
The rope type TRCM will be operated in automatic, semi-automatic and manual mode and will be
supplied with containers and an additional revolving hydraulic standard truck loading crane for
manual large trash handling. For trash handling and loading into the containers, an additional
loading crane will also be supplied with a grab.

The TRCM will mainly consist of the TRCM rail installation, embedded parts for water pressure
sensors installation, a supporting movable steel structure (gantry), a winch house with the
hoisting unit, a swivelling trash rake, an operator’s cabin, an additional loading crane and a control
and power supply unit. The design of the TRCM shall comply with international standards.

The proposed trash rack cleaning system shall be able to remove various kind of debris such as
wood sticks, branches, medium sized logs and stumps, plastic bottles and civilisation trash from
the racks and ensure that the intake areas are clear of floating and submerged debris. DBE
earthquake conditions will be considered in the design.
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15.3.2 Desander Intake Gates

The intake area of the desander will be supplied with service gates for the protection of the
desander itself as well as the other hydro-mechanical structures and equipment of the Lower Spat
Gah desander.

The service gates will be of the fixed-wheel gate type acting as an emergency closure device to
cut off the flowing water flow into the desander. The fixed-wheel gates shall be designed to be
able to close by their own weight in full flow condition and can also be opened without equalised
pressure between the upstream and downstream side of the gate.

They will be designed with skin plate and rubber seals on the upstream side of the gate. The
bottom edge of the roller gate leaf shall be shaped for low vibration lowering the fixed-wheel gate
in running water or under full load. The two elements of the intake fixed-wheel gates will be
equipped with stainless steel fixed-wheel and connected by bolts.

The gates shall be designed for the static pressure of the reservoir maximum flood water level
and hydrodynamic pressure due to earthquake conditions (SEE with 3,000-year return period).

15.3.3 Desander Intake Stoplogs

For inspection and maintenance purposes, each of the three (3) desander intakes will be supplied
with stoplog slots located upstream of the intake service gates.

The intake stoplogs (one set will be provided) will be of the sliding gate type with lifting beam
and the stoplog elements will normally be kept in their storage rack at the storage area or at the
upper end of the stoplog slot. However, at any time that a maintenance operation may be required
on the service gate, the stoplog set will be placed into the stoplog slot making an effective water
retaining barrier.

The stoplogs will be placed in the slot only under balanced head conditions for opening and closing
and shall be designed for the static pressure of the reservoir Full Supply Level and hydrodynamic
pressure due to earthquake conditions (OBE). This pressure equalised opening condition will be
obtained using a by-pass valve system incorporated at the upper stoplog element.

The stoplogs will be operated by a standard truck loading crane with installed rope hoist installed
at the trash rack cleaning machine of the desander intake. For lifting and lowering of the stoplog
parts into the slot, the rope hoist of the loading crane will be coupled with a semi-automatic lifting
beam.

15.3.4 Calming Racks

The desander transition zones downstream of the desander intake channels are each equipped
with calming racks to calm the inflows into the desander basins. Each basin will have three
consecutive racks with a decreasing spacing between the bars. The calming racks will consist of
welded steel V-shaped vertical beams that are laterally braced to the embedded frame.

The racks shall be designed for the differential head resulting out of the head loss calculations
and possible additional trash load. The design, fabrication, and installation shall be done to avoid
vibration.

15.3.5 Desander Basin End Sill Gates

In order to hydraulically uncouple the desander of the Lower Spat Gah Headworks from the
forebay area during flushing, the end of each desander basin will be supplied with additional
desander basin end sill gates on top of the end sills.

The desander basin end sill gates will be of the slide gate type, able to close and open in balanced
condition and hydrodynamic pressure due to earthquake conditions (OBE). The gate body shall
be designed as rigid steel construction.

Sealings will be provided at upstream side and at the bottom and the head of the gates to
guarantee total tightness of the gates when the gates are in the closed position.
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15.3.6 Desander Basin Flushing Gates

Each basin of the desander will be supplied with its own flushing gate at the downstream end of
the desander basin. The flushing gates will be of the sliding type with 1.30 m width and 1.40 m
height and will be kept in the closed position during normal operation of the desander.

For flushing purposes of the desander basins the flushing gates will be opened by means of a
spindle, a gear box and an electric actuator.

The steel structure and the electric actuator will be placed directly at the top level of the desander
bridge structure at 1,512.00 m asl. The sealing design of the gates shall take the high abrasive
water flow into consideration.

The sliding gates shall be designed to be able to open and close (under their own weight) the
flushing channel under full flow conditions for all possible levels between FSL and MOL without
equalisation of the water pressure between the upstream and downstream side of the gate and
hydrodynamic pressure due to earthquake conditions (OBE).

15.4 Lower Gabarband Intake

15.4.1 Flushing Channel Radial Gate

For flushing purposes and water discharge in case of a flood event, the Lower Gabarband weir will
be equipped with one (1) independent radial gate. The gate will have a size of 4.00 m width and
7.08 m height including 50 cm above the NOL and will be operated by two double acting hydraulic
cylinders.

The gate shall be designed to close by its own weight in full flow condition and static pressure of
the reservoir maximum flood water level. The gate shall also be designed to withstand
hydrodynamic pressure due to earthquake conditions (SEE with 1,000-year return period). To
guarantee the tightness of the gate, the gate body will be supplied with rubber seals at both sides
and at the bottom of the steel structure. The sealing of the gate shall be designed to withstand
the abrasive water flow during flushing of the sediments in front of the desander intake.

A mobile crane will be needed for maintenance of the gate in the absence of gantry crane.

15.4.2 Flushing Channel Stoplogs

For repair and maintenance purposes, the flushing channel radial gate at the Lower Gabarband
flushing channel will be provided with a set of upstream stoplogs. The stoplogs will normally be
kept in their storage position in the stoplog slot or above the slot at deck elevation.

For lifting and lowering of the stoplogs, a semi-automatic lifting beam will be supplied enabling
manipulation of the stoplogs via a mobile crane. However, at any time that a maintenance
operation is required on the flushing channel radial gate, the stoplog set will be placed into the
stoplog slot making an effective water retaining barrier for working safely on the radial gate.

The stoplogs will be placed in the slot only under balanced head conditions for opening and closing
and shall be designed for the static pressure of the reservoir NOL and hydrodynamic pressure due
to earthquake conditions (DBE). This pressure equalised opening condition will be obtained by
lifting the upper stoplog element in filling position.

15.4.3 Residual Flow Equipment

The residual flow will be released through a pipe embedded in the left flushing channel wall.

The intake for the residual flow release will be located in the right wall behind the trash rack of
the right desander intake and the outlet structure will be located downstream of the flushing
channel radial gate (left abutment of the spillway channel).

The abutment of the flushing channel will be supplied with a shaft for installation of the valve for
regulation of the residual flow velocity.
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15.4.4 Desander Intake Trash Rack and Trash Rack Cleaning Machine

15.4.4.1 Intake Trash Rack

The intake structure of the Lower Gabarband desander will be protected with 75° inclined trash
racks to prevent trees and floating debris from entering the desander system.

The single welded panels of the trash racks will be bolted on supporting beams and braced to the
steel side frame. Each trash rack panel will be made of vertical flat steel bars and horizontal bar
spacers which also interconnect the single panels and are used for lateral bracing to the embedded
frame.

The design, fabrication, and installation shall be done to withstand respective loads resulting to
trash in front of the rack panels as well as to avoid vibration. Clearance between the rack elements
will have to be finalised in discussion with the chosen E&M to minimise risk of passing trash.

15.4.4.2 Intake Trash Rack Cleaning Machine

The trash racks will be cleaned by a gantry type rope system trash rack cleaning machine (TRCM).
The rope type TRCM will be operated in automatic, semi-automatic and manual mode and will be
supplied with containers and an additional revolving hydraulic standard truck loading crane for
manual large trash handling. For trash handling and loading into the containers, an additional
loading crane will also be supplied with a grab.

The TRCM will mainly consist of the TRCM rail installation, embedded parts for water pressure
sensors installation, a supporting movable steel structure (gantry), a winch house with the
hoisting unit, a swiveling trash rake, an operator’s cabin, an additional loading crane and a control
and power supply unit. The design of the TRCM shall comply with international standards.

The proposed trash rack cleaning system shall be able to remove various kind of debris such as
wood sticks, branches, medium sized logs and stumps, plastic bottles and civilisation trash from
the racks and ensure that the intake areas are clear of floating and submerged debris. DBE
earthquake conditions will be considered in the design.

15.4.5 Desander Intake Gates

The intake area of the desander will be supplied with service gates which will normally be kept
inside their slot at the lower end, right above the gate opening. During larger flood conditions
when the power plant is not operating, the gates are lowered to stop diverting water.

The service gates will be of the fixed-wheel intake gate type acting as an emergency closure
device to cut off the water flow into the desander. The fixed-wheel gates shall be designed to be
able to close by their own weight in full flow condition and can also be opened without equalised
pressure between the upstream and downstream side of the gate.

They will be designed as roller type emergency gates with skin plate and rubber seals on the
upstream side of the gates. The bottom edge of the roller gate leaves shall be shaped for low
vibration when lowering the roller gates in running water or under full load. The intake roller gates
will be equipped with stainless steel rollers and connected by bolts.

The gates shall be designed for the static pressure of the reservoir maximum flood water level
and hydrodynamic pressure due to earthquake conditions (OBE).

15.4.6 Intake Stoplogs

For inspection and maintenance purposes, each of the two (2) desander intake service gates will
be supplied with stoplog slots located upstream of the service gates.

The intake stoplogs will be of the sliding gate type with lifting beam and the stoplog elements will
normally be kept in their storage rack at the storage area or at the upper end of the stoplog slot.
However, at any time that a maintenance operation may be required on the service gates, the
stoplog set will be placed into the stoplog slot of the intake making an effective water retaining
barrier.
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The stoplogs will be placed in the slot only under balanced head conditions for opening and closing
and hydrodynamic pressure due to earthquake conditions (OBE). This pressure equalised opening
condition will be obtained using a bypass valve system incorporated at the upper stoplog.

Sliding type stoplogs with skin plate and rubber seals on the downstream side of the stoplogs are
foreseen.

15.4.7 Calming Racks

The desander transition zones downstream of the desander intake channels are each equipped
with calming racks to calm the inflows into the desander basins. Each basin will have three
consecutive racks with a decreasing spacing between the bars. The calming racks will consist of
welded steel V-shaped vertical beams that are laterally braced to the embedded frame.

The racks shall be designed for the differential head resulting out of the head loss calculations
and possible additional trash load. The design, fabrication, and installation shall be done to avoid
vibration.

15.4.8 Desander Basin Flushing Gates

Each basin of the desander will be equipped with its own flushing gate at the downstream end of
the desander basin. The flushing gates will be of the sliding type with dimensions of 1.00 m width
and 1.00 m height and will be kept in the closed position during normal operation of the desander.

For flushing purposes of the desander basins, the flushing gates will be opened by means of a
spindle, a gear box and an electric actuator.

The steel structure and the hoisting cylinders will be placed directly at the top level of the desander
bridge structure at 1,554.00 m asl. The sealing design of the gates shall take the high abrasive
water flow into consideration.

The sliding gates shall be designed to be able to open and close (under their own weight) the
flushing channel under full flow conditions for all possible levels between NOL and low flood levels
without equalisation of the water pressure between upstream and downstream side of the gate
and hydrodynamic pressure due to earthquake conditions (OBE).

15.4.9 Forebay Intake Gate

The intake area located immediately downstream of the Lower Gabarband desander will be
equipped with one (1) service gate for protection of the Gabarband Intake Tunnel as well as for
maintenance purposes.

The fixed wheel gate will act as an emergency closure device designed to be able cut off the water
flow by its own weight in case of failure/defect of the Gabarband Intake Tunnel or Headrace
Tunnel.

For opening of the fixed-wheel gate, pressure at the upstream and the downstream side of the
gate has to be equalised and the gate will therefore be supplied with a manually operated valve.
The valve will be activated by the opening mechanism of the gate structure itself.

The gate structure will be designed with skin plate and rubber seals on the upstream side of the
gate. The bottom edge of the fixed-wheel gate leaf will be shaped for low vibration when lowering
the gate in running water or under full load.

The gate will be designed for the static pressure of the forebay maximum water level (1,554.00
m asl) and hydrodynamic pressure due to earthquake conditions (OBE).

15.5 Power Waterway

15.5.1 Lower Spat Gah Forebay Emergency Gate

The intake area located at the forebay of the Lower Spat Gah Headworks will be equipped with
one (1) service gate for protection of the Headrace Tunnel and all other hydro-mechanical
structures and equipment of the Lower Spat Gah HPP.
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The fixed wheel gate will act as an emergency closure device designed to be able cut off the water
flow in case of failure/defect of the Headrace Tunnel. In addition it will also be used to seal off the
Headrace Tunnel to enable maintenance or inspection of the tunnel, Surge Shaft and butterfly
emergency valve from upstream. The emergency gate of the fixed wheel gate type will be able to
close by its own weight in full flow condition.

For the opening of the fixed wheel gate, pressure at the upstream and the downstream side of
the gate has to be equalised and the gate will therefore be supplied with a manually operated
valve for filling of the Headrace Tunnel before opening. The filling valve will be activated by the
opening mechanism of the gate structure itself.

The gate structure will be designed as fixed wheel type emergency gate with skin plate and rubber
seals on the upstream side of the gate. The bottom edge of the fixed wheel gate leaf will be
shaped for low vibration when lowering the fixed wheel gate in running water or under full load.
The two parts of the intake fixed wheel gate will be equipped with stainless steel rollers and
connected by bolts.

The gate will be designed for the static pressure of the reservoir maximum flood water level and
hydrodynamic pressure due to earthquake conditions (OBE).

15.5.2 Lower Spat Gah Forebay Stoplogs

For inspection and maintenance purposes of the forebay emergency gate, upstream stoplogs of
the sliding gate type will provided. The forebay stoplogs will normally be kept at the upper end of
the stoplog slot. However, at any time that a maintenance operation may be required on the
forebay emergency gate, the stoplog set will be placed into the stoplog slot of the intake making
an effective water retaining barrier.

The stoplogs will be placed in the slot only under balanced head conditions for opening and closing
and shall be designed for the static pressure of the reservoir maximum flood water level and
hydrodynamic pressure due to earthquake conditions (OBE). This pressure equalised opening
condition will be obtained using a by-pass valve system inside the top stoplog element.

The stoplog set will be stored directly inside the stoplog shaft at its upper end, held in position by
means of interlocking devices. In case of needed inspection and maintenance of the forebay
emergency gate, the stoplogs shall be lowered into closed position via mobile crane with sufficient
lifting capacity. For easy manipulation of the stoplog set, a semi-automatic lifting beam will be
coupled to the hook of the mobile crane.

Alternatively it would also be possible to install electric actuators or to use single acting hydraulic
cylinder powered by the high pressure oil unit foreseen for operation of the forebay stoplog gate.

15.5.3 Power Waterway Steel Liner and Gabarband Intake Tunnel
Pipe

The technical details of the steel liner in the Power Waterway and the pipe in the Gabarband
Intake Tunnel are discussed in Chapter 13.7.

15.5.4 Headrace Tunnel Emergency and Maintenance Valve

The power waterway of the Lower Spat Gah HPP will be supplied with an emergency and
maintenance valve located downstream of the Surge Shaft and upstream of the vertical Pressure
Shaft.

To protect the mechanical equipment of the Power Cavern in case of a failure of the turbine and
to enable inspection and maintenance of the Pressure Shaft, High Pressure Tunnel, penstock and
the spherical valves of the Power Cavern without having to empty the whole Power Waterway,
the Headrace Tunnel will be supplied with an emergency and maintenance valve installed in a
valve chamber located downstream of the Surge Shaft at the top of the Pressure Shaft.

The emergency closing function will be achieved by a butterfly valve with valve disc of the double
decker type. The design of the butterfly valve will be done in respect to the water hammer
calculations of the total hydraulic system and will be supplied with weights for automatic closing
function, following a defined closing scheme if necessary.
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The 4.00 m diameter butterfly valve will be installed at elevation 1,261.05 m asl (referring to the
pipe centreline) and will be pressurised with a nominal static 2.44 MPa (24.4 bar). The maximum
dynamic pressure is expected to be in the range of 3.81 MPa (38.1 bar). OBE earthquake
conditions will be considered in the design.

It is noted that the dimensions and weight of the butterfly valve components will have to be taken
into account for the confirmation of the final design of the access road, adit tunnel and gate
chamber layout during Project execution.

It is currently foreseen to extend the emergency and maintenance valve chamber downstream
and construct an Upper Erection and Gate Chamber that will subsequently be used for the erection
of the Pressure Shaft steel liner.

15.5.5 Upper Erection and Gate Chamber Bridge Crane

The Upper Erection and Gate Chamber will be supplied with its own overhead travelling bridge
crane. The bridge crane will be used for erection and maintenance of the emergency and
maintenance butterfly valve and shall have therefore have a sufficient capacity to handle the
heaviest parts during installation as well as during maintenance.

For the erection of the Pressure Shaft steel lining, the valve chamber will be extended towards
the downstream to form an Upper Erection and Gate Chamber used for excavation and the
unloading and the installation of the Pressure Shaft steel liner. It is currently foreseen that steel
cans will be directly transported to the Upper Erection and Gate Chamber where a temporary
erection gantry crane with sufficient lifting capacity and stroke length (not shown on the drawings
as it is a temporary structure to be designed by the Contractor) will have to be installed.

15.5.6 Tailrace Outlet Structure Stoplogs

The turbined water will be returned to the Indus River by a free-flow Tailrace Tunnel that will be
provided with a Tailrace Outlet Structure and a stepped spillway at its downstream end to ensure
a safe energy dissipation in the absence of the future Patan reservoir.

The Tailrace Outlet Structure will be provided with stoplog slots enabling the installation of sliding
type stoplogs with a mobile crane to allow inspection and maintenance should the Patan reservoir
will be built in the future.

The stoplogs themselves and the equipment required for lifting and lowering of the stoplogs are
currently not included in the scope of supply and will have to be supplied at a later stage only in
case the Patan HPP is built in the future. OBE earthquake conditions will be considered in the
design.

15.5.7 Gabarband Intake Tunnel Emergency and Maintenance Valve

The Gabarband Intake Tunnel will be supplied with an emergency and maintenance valve located
at the downstream end of the Gabarband Intake Tunnel pipe and just upstream of the connection
with the Headrace Tunnel.

To prevent excessive water spill from the Headrace Tunnel into the Gabarband Intake Tunnel in
case of a Gabarband Intake Tunnel pipe failure and to enable inspection and maintenance of
Gabarband Intake Tunnel pipe without having to empty the Headrace Tunnel, the Gabarband
Intake Tunnel will be supplied with an emergency and maintenance valve.

The emergency closing function will be achieved by a butterfly valve. The design of the butterfly
valve will be done in respect to weights for automatic closing function, following a defined closing
scheme if necessary.

The butterfly valve opening shall be accomplished by mobile hydraulic power unit. The overspeed
device shall be purely mechanical, and it shall initiate closing of the valve in case the pipe bursts.
The overspeed device will be installed in the direction that activates the device, that menas in
flow direction from the Headrace Tunnel to the Gabarband Intake Tunnel.

The 1.50 m diameter butterfly valve will be installed at elevation 1,335.96 m asl (referring to the
pipe centreline) and will be pressurised with a nominal static 1.71 MPa (17.1 bar). The maximum
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dynamic pressure is expected to be in the range of 2.10 MPa (21.0 bars). OBE earthquake
conditions will be considered in the design.

15.5.8 Gabarband Junction Chamber Intake Chain Hoist

The Gabarband Junction Chamber monorail crane will be supplied with its own hand chain hoist.
The hoist will be used for erection and maintenance of the emergency and maintenance butterfly
valve and shall therefore have a sufficient capacity of 15 ton to handle the valve during installation
as well as during maintenance.

15.6 Powerhouse Main Inlet Valve

The main inlet valve is described in Chapter 16.3.2.

15.7 Standards, Codes and Guidelines

The following relevant international standards, manuals and guidelines have been used for the
hydro-mechanical design of the Feasibility Study:

 DIN 19704-1 Hydraulic steel structures – Part 1: Criteria for design and calculation



Feasibility Study
Volume 1: Main Report

Page 231

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

16 Electro-Mechanical Equipment

Corresponding Drawings

LSG-FS-090-021 Powerhouse, Governor Oil Pressure System, Schematic Diagram

LSG-FS-090-022 Powerhouse, MIV Oil Pressure System, Schematic Diagram

LSG-FS-090-023 Powerhouse, Unit Lubrication System, Schematic Diagram

LSG-FS-090-024 Powerhouse, Cooling Water System, Schematic Diagram

LSG-FS-090-025 Powerhouse, Fire Fighting System and Service Water Supply System,
Schematic Diagram

LSG-FS-090-026 Powerhouse, Wastewater Treatment System, Schematic Diagram

LSG-FS-090-027 Powerhouse, Drainage and Dewatering System, Schematic Diagram

LSG-FS-090-028 Powerhouse, Low Pressure Compressed System, Schematic Diagram

LSG-FS-090-029 Powerhouse, Fire Fighting System in the Powerhouse, Schematic Diagram

LSG-FS-090-030 Powerhouse, HVAC System, Schematic Diagram

LSG-FS-090-031 Powerhouse, Symbols Legend

LSG-FS-090-032 Powerhouse, Main Single Line Diagram, Schematic Diagram

LSG-FS-090-033 Powerhouse, Protection Main / GIL / Trafo, Schematic Diagram

LSG-FS-090-034 Powerhouse, GIS protection, Schematic Diagram

LSG-FS-090-035 Powerhouse, Motor Control Center, Schematic Diagram

LSG-FS-090-036 Powerhouse, Primary Distribution System, Schematic Diagram

LSG-FS-090-037 Powerhouse, DC UPS SLD, Schematic Diagram

LSG-FS-090-038 Powerhouse, Route of Cable and IPB Generator Floor, Plan View at
El. 772.60 m asl

LSG-FS-090-039 Powerhouse, Route of Cable and IPB Machine Floor, Plan View at
El. 778.60 m asl

LSG-FS-100-001 Control, Instrumentation & Power Supply, MV/LV Single Line Diagram,
Schematic Diagram

LSG-FS-100-002 Control, Instrumentation & Power Supply, Control System Topology,
Schematic Diagram

LSG-FS-100-003 Control, Instrumentation & Power Supply, Power Supply to Project
Structures, General Layout

LSG-FS-100-002 Control, Instrumentation & Power Supply, Power Supply to Project
Structures, Power Cavern

16.1 Introduction

This chapter gives a general description of the electrical and mechanical equipment of the Lower
Spat Gah Project and provides a summary of Volume 8 – Mechanical and Electrical Equipment.

The arrangement and general dimensions of the individual items of equipment are shown on the
drawings listed above and given with this Feasibility Study. The main connection of the different
equipment is also shown on the system schematics given on the drawings. It is noted that non-
binding technical and financial proposals have been received from at least two international
electro-mechanical suppliers which also formed the basis for the selection of the turbine speed,
the technology in general and the layout/space proofing of the Powerhouse.
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16.2 Design Criteria

The main hydraulic data used for the layout and dimensioning of the turbines is summarised in
Table 16-1.

Table 16-1: Hydraulic input data

Lower Spat Gah Forebay Water Levels

Full Supply Level (FSL) 1,509.98 m asl

Minimum Operating Level (MOL) 1,499.65 m asl

Tailwater Level

Patan reservoir Full Supply Level 760.00 m asl
Maximum operation level (future Patan reservoir at 761 m asl plus design
discharge flow) 762.40 m asl

Turbine Level

Centreline 765.40 m asl

Head

Maximum gross head 744.58 m

Rated gross head 744.58 m

Rated net head (QT=75.0 m3/s, all three unit turbines running) 722.08 m

Minimum gross head 734.25 m

16.3 Mechanical Equipment

16.3.1 Turbines and Valves

16.3.1.1 Turbine

For the given head range and the chosen Installed Capacity of the plant, a Pelton turbine is the
only reasonable possibility as outlined in Chapter 8.7.1.

The Pelton turbines are impulse type turbines that require a certain freeboard from the maximum
tailwater level. The layout of the turbines and the Powerhouse are also designed to operate up to
that level of 762.4 m asl. The required freeboard to the bottom of the wheel is in the range of
circa 2.5 m.

It has been assumed that certain turbine parts such as the runner with its buckets are coated as
a protection against abrasion, for example with wolfram carbide. The coating will have to be
determined by the turbine supplier based on the sediment characteristics in a next Project stage.

The selected Pelton turbine is a vertical-shaft type machine with six jet nozzles (25 m3/s each)
with deflectors, however final number of nozzles will be confirmed by the Supplier. An illustration
of a vertical 6-nozzle Pelton turbine is shown in Figure 16-1.
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Figure 16-1: Picture of a vertical 6 nozzle Pelton turbine

16.3.1.2 Turbine Speed

The speed selection of the unit is primarily determined by the given head, tail water levels, number
of units, available flow and desired operating regime.

Generally a higher speed leads to smaller turbine and generator dimensions which is directly
reducing the cost of the equipment and the civil structures. Therefore, it is generally preferable
to select a synchronous speed as high as possible. The budgetary proposals received from
international E&M suppliers confirmed the selection of the synchronous speed of 428.57 rpm
based on the design for the prevailing hydraulic conditions (Chapter 8.7.4). In case the Suppliers
offer a five-nozzle turbine the number of rotations could also change.

16.3.1.3 Turbine Sizing and Layout

The main turbine characteristics resulting from the hydraulic conditions defined for the Feasibility
Study are shown in Table 16-2.

Table 16-2: Turbine characteristics

Turbine Characteristics

Rated net head 722.08 m

Rated discharge per unit 25 m³/s

Discharge at maximum net head 24.2 m³/s

Discharge at minimum net head 25 m³/s

Maximum turbine capacity at shaft 159.3 MW

Synchronous speed 428.57 rpm

Runner pitch diameter D2 2,510 mm

Centreline elevation 765.40 m asl

Minimum clearance of the wheel > 2.5 m

16.3.2 Main Inlet Valve

Turbine inlet valves are needed for turbine isolation and as a secondary turbine shut-off device in
case of failure of the deflector or failure of the Pelton nozzle-needle. Motor actuated bypass valves
provide the ability of controlling the filling of the Pelton turbine ring pipe and equalising the
pressure prior to the opening of the main valve.
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The main inlet valve shall be designed to close against flow for a safe shutdown in case of an
emergency especially during power failure. It shall also be able to close safely even in case of
maximum turbine flow.

Considering the high water pressure at main inlet valve, a spherical valve will be provided and it
will be equipped with its own hydraulic system for opening and weights for emergency closing
purpose. The three valves will be installed upstream of the each of the three turbines. Each turbine
will be provided with a spherical type main inlet valve (MIV) with a diameter of approximately
2.00 m.

16.4 Electrical Equipment

16.4.1 Synchronous Generator

The main generator technical data resulting from the Feasibility Study conditions are shown in
Table 16-3. In the next Project phase when the efficiencies for the turbine and generator are
available from binding supplier proposals, the rated power will have to be confirmed and it can be
discussed if the generator should be slightly over dimensioned, as it can be expected to favourably
increase the long term availability and reliability of the plant according to the Consultant’s
experience.

Table 16-3: Technical data for the generators

Generator Data

Number of units 3

Rated output per unit 190 MVA

Power factor 0.8 lagging / 0.9 leading

Maximum output per unit 195 MVA

Nominal voltage 15.75 kV1

Frequency 50 Hz

Nominal speed 428.57 rpm

Maximum runaway speed 750 rpm

Bearing arrangement IM 8425 (W41)

Weight Rotor approximately 270 ton

Weight Stator approximately 200 ton

The main criteria for the selection of the generator dimensions are the speed and the maximum
power.

The generators will have a state-of-the-art mica/epoxy type insulation system, allowing the
operation at class F temperature rise, as this is defined in the IEC No. 60034. The long-term
performance of the insulation system is affected by the maximum operating temperature of the
windings.

The air-cooled generators will be equipped with air-water heat exchangers, connected to a closed-
loop cooling water system. This type of cooling concept is common practice for cavern
powerhouses and for this size of generators and shall considerably reduce the maintenance
activities.

1 Nominal voltage of generator depending on manufacturer design process
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Each generator will be equipped with pneumatically operated brakes of sufficient capacity to stop
the rotor and the turbine from about one third of the synchronous speed to standstill. The main
dimensions for the generators are shown Figure 16-2.

Figure 16-2: Main dimensions of the generator

16.4.2 Excitation System

The excitation system for each generator will be of a fully static type. The system will include
digital voltage regulator, thyristor/diode rectifiers and field suppression equipment. The excitation
energy will be drawn from the main leads through a dry-type excitation transformer, placed in a
separate metallic housing. All components will have to be accommodated in cubicles. Each
generator will be equipped with its proper excitation system.

16.4.3 Generator Switchgear

16.4.3.1 Insulated Phase Busbar

The connection between the generators, generator switchgear and step-up transformers will be
made via Insulated Phase Busbar (IPB) with integrated instrumentation transformers and all
necessary switching and protecting devices.

The system is specified as naturally cooled since the rated full load current is below the accepted
limit of accepted capacity for natural cooling. To prevent ingress of pollution all enclosures will be
maintained at a nominal pressure above atmospheric pressure by dry air circulation and make-
up systems.

The excitation transformer and the current limiting reactor for the MV station supply will be
connected by branch connections.

Table 16-4: Technical data for the generator switchgear

Generator Switchgear Data

Number of units 3

Nominal voltage 15.75 kV

Insulation level 17.5 kV

Frequency 50 Hz
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Generator Switchgear Data

Maximum continuous current 10 kA

Maximum symmetrical 3-phase short circuit current 100 kA

Maximum symmetrical 3-phase short circuit current at tapping 120 kA

16.4.3.2 Generator Circuit Breaker

For synchronisation and protection reasons of the unit a Generator Circuit Breaker (GCB) will be
specified. The GCB shall be able to open the circuit for each load case. The circuit breaker will
consist of a mechanical spring mechanism and shall be specifically designed for breaking short-
circuit currents close to the generator.

The GCB will be installed between the generator terminals and the main step-up transformers.
The voltage rating of the circuit breaker will be in accordance with the terminal voltage of the
generators.

In addition to the common protection and synchronising equipment of the main circuit breaker
unit, disconnecting and earthing switches, surge arresters, current and voltage transformers etc.
shall be foreseen.

16.4.3.3 Braking Switch

The braking switch will allow short-circuit between the phase terminals of the generator in order
to brake the generator-turbine unit from nominal speed to one third of the speed, where the
pneumatically operated brakes take over. Besides braking it will also protect the generator during
commissioning and maintenance works.

16.4.3.4 Step-up Transformers

For each generator unit a three-phase step-up transformer for energy dissipation to the assumed
220 kV transmission grid will be installed. Each step-up transformer will be fixed in a separate
transformer box closed by fire and explosion resistant doors in the Transformer Cavern.

On the low voltage (LV) side the connection from the generators will be made via isolated phase
busbars. On the HV side the transformers will be connected to the high voltage gas-insulated
switchgear (GIS) with corresponding GIS transformer connection components.

Each transformer will be protected by a firefighting system as described in the relevant mechanical
balance of plant chapter.

Table 16-5: Technical data for the step-up transformers

Step-up Transformer Data

Design Three-phase oil immersed

Number of units 3

Rated unit output 190 MVA

Maximum unit output 195 MVA

Primary voltage 220 kV

Tap changer On load

Secondary voltage: 15.75 kV

Frequency 50 Hz

Cooling system ODWF or OFWF

Winding connection YNd11
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16.4.4 Gas-Insulated Switchgear

The 220 kV gas-insulated switchgear (GIS) will be located at the Transformer Cavern on a floor
above the step-up transformers. The connection between each step-up transformer and the
switchgear will be achieved by GIS transformer connection components.

The auxiliary distribution boards as well as the control and protection panels will be located in the
GIS room and will be supplied by the station service of the Powerhouse. The control and protection
of the GIS will be linked to the plant system and the remote 765/220 kV Connection Switchyard,
at which the Project interfaces with NTDC.

Table 16-6: Technical data for the GIS

GIS Data

Nominal voltage 220 kV

Maximum operation voltage 245 kV

Rated lighting impulse withstand voltage 1,050 kV

Rated power frequency withstand voltage 460 kV

Rated current for bus bar 2,000 A, 40 kA 1 s

Rated current for unit/cable feeders 1,250 A

Bus bar arrangement Double system

Feeder

3 transformer feeders
3 cable feeders
1 bus coupler
1 measurement equipment

16.5 Mechanical Balance of Plant

16.5.1 Cooling System

There will be one central cooling system for all units installed in the Lower Spat Gah Power Cavern,
consisting of a primary and a secondary water loop and supplying cooling water for the following
components:

 Turbine bearings,

 Governors,

 Lower generator bearings,

 Upper generator bearings,

 Generator cooling,

 HVAC system,

 Transformers,

 Other consumers.

The raw water for supply of the system will be taken from the Tailrace Tunnel common to all three
units via independent loops. Thus, full redundancy will be provided for all the components.

The primary loop will be connected to the tailrace of the units. It will be equipped with three
automatic back flash filters, three circulating pumps and three heat exchangers, as a thermal
connection to the secondary loop.

The secondary loop will be executed as a closed loop. The circulation of the water will be achieved
by three circulating pumps of the same type as for the primary loop, for keeping the maintenance
costs low.
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It is noted that the type and functionality of the cooling water system are mainly driven by the
way the power plant will be operated. At this stage of the Project, and because a synchronous
condenser mode of the turbine is not foreseen, it was assumed that no cooling water will be
needed in the shut off mode of the turbine when there is no water at the Tailrace Tunnel.

16.5.2 Drainage and Dewatering System

To keep the Power Cavern water-free and to enable dewatering of the turbines, a combined
drainage and dewatering system will be installed in the Power Cavern.

Drainage System

To keep the Power Cavern water-free, all drainage water will be collected and directed over a
sludge sump and an oil/water separator directly to the main drainage sump pit.

The drainage pit will be located at the lowest point of the Power Cavern. The collected water will
be automatically pumped and returned to the Tailrace Tunnel after reaching the limit water level
in the pit. The installed submersible pumps for transfer of the drainage water shall have a full
redundancy.

The pump sump shall have an overflow pipe that shall prevent flooding in case of an emergency
(e.g. failure of MIV’s by-pass valve or pipe). The valve shall be motor and hand operated and
remotely controlled.

Dewatering System

The penstock dewatering shall be done via the turbines directly into the Tailrace Tunnel.

Additional prevention has to be foreseen to enable dewatering of both loops of the cooling water
system on the lowest point of each loop. If there are some additive in the water of the secondary
loop (e.g. glycol), it is not allowed to lead the water into the sump pit. In this case, the secondary
loop shall be dewatered to a separate tank.

16.5.3 Powerhouse Crane and Other Hoisting Equipment

The power craven will be supplied with its own machine hall crane enabling handling of heavy
equipment and parts during erection and operation. Different types of lifting equipment will have
to be installed in the Power Cavern and each crane shall be designed in accordance with the latest
standards and requirements.

The required total lifting capacity for the main machine hall crane at the Power Cavern is
determined by the weight of the rotor of the generator which will be approximately 270 ton with
two 150 ton bridge cranes using a lifting beam for tandem operation. Furthermore, a 20 ton
auxiliary bridge crane travelling underneath the main bridge cranes is foreseen for the Power
Cavern.

The GIS, the IPB bust ducts, the MIV and the electrical and mechanical workshops of the Power
Cavern will also be supplied with their own monorail cranes with sufficient lifting capacity. Minor
other monorails (not shown) will be provided for quick installation and maintenance of the
electrical and mechanical balance of plant as required.

16.5.4 Elevator

For transportation of people and material between the different floors, the machine hall cavern
will be equipped with its own elevator. The elevator will have a capacity of 1,150 kg or 15 persons.
The design of the elevator shall be in accordance with the latest standards and regulations.

16.5.5 Heating, Ventilation and Air-Conditioning Systems

The heating, ventilation and air conditioning (HVAC) system will provide suitable conditions for
human work activities, heat evacuation and sensitive electronic equipment, avoid high
concentration of polluting or harmful substances and evacuate smoke and heat in case of fire.
The fire will have to be isolated into fire rated compartments by the automatic closure of smoke
and fire dampers.
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The HVAC room of the Power Cavern will be equipped with a central air handling unit purifying
the recirculating air which will be automatically distributed to the respective areas and rooms of
the Power Cavern as well as to the access tunnels of the Power Cavern. Polluted air will also be
transferred to the outside automatically.

In order to keep the duct dimensions small, the power plant will be equipped with its own an air
conditioning system to evacuate extensive heat from particular electrical equipment. In respect
to the event of a fire hazard, the whole Power Cavern and the access/escape tunnels will be
supplied with its own fire smoke extraction and fresh air supply system, guaranteeing smoke free
escape ways.

16.5.6 Fire Protection, Fire Detection and Firefighting System

The firefighting system of the Power Cavern shall protect staff and equipment inside and outside
of the cavern, as well as the access tunnels. In general the firefighting, fire detection and fire
protection system of the Lower Spat Gah HPP will consist of an automatic fire detection and alarm
system and fire extinguishing equipment for both automatic and manual operation in the event
of fire.

The access tunnels connecting the Power Cavern to the surface will be supplied with an adequate
amount of fire hydrants and water sprinkler fire extinguishing system. Areas inside the Power
Cavern will be equipped with fire hoses and chemical extinguishers at every floor of the plant.
The water based firefighting system will be fed by the firefighting water tank, located close to the
portal area of the Main Access and Power Evacuation Tunnel. The firefighting water tank will have
two separate chambers each with sufficient capacity in accordance with latest standards.
Recharging of the firefighting tanks will be done by pumps, following a 100% redundancy policy,
tapping the water out of the Indus River by a pumping station. Furthermore, the water tank shall
be horizontally divided into two sections. The service water can only be provided with raw water
for supply of the Industrial and Domestic Water System from the upper section of the head
reservoirs.

In the lower reservoir section, the firefighting water is stored. This design ensures that at any
time enough firefighting water is available.

For emergency cases and during revision works on the elevated firefighting water reservoir, one
(1) electric motor driven firefighting pump, located in the Power Cavern and connected to safe
power supply, will draw fire fighting water from the Tailrace Tunnel and shall supply it through
the fire service main to the hose stations and water spray fixed systems.

The firefighting system will be connected to the firefighting tank via supply pipes installed in the
Main Access and Power Evacuation Tunnel of the Power Cavern and raw water will be taken from
the Indus River nearby. Rooms with sensitive equipment will be supplied with automatic chemical
fire extinguishing systems of the FM200 type. For the generators, a gaseous extinguishing system
(INERGEN) is currently foreseen.

The main transformers will be equipped with independent firefighting equipment for fire hazard
purpose. The fire protection system of the transformers will be realised as a high pressure water
mist system, according to state-of-the-art standards. Each main transformer will be equipped
with spray nozzles, fire detectors, hot dip galvanised piping systems, and hydraulic remote control
valve sets. The high pressure/compressor unit will be located in the Transformer Cavern next to
the main transformers. The needed water reservoir will be designed for an operation time of 30
min for one transformer in total.

16.5.7 Low Pressure Compressed Air

The Power Cavern will be equipped with a low pressure air system to provide pressurised air to
the following consumers:

 Generator brakes,

 Maintenance seal of spherical valves (if required),

 Service air within the Powerhouse.
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The system will operate with approximately 10 bars. The system will consist of a central
arrangement in the machine hall cavern with redundant air compressors, pressure tanks, pipes,
valves, instruments, anchors and all necessary accessories.

16.5.8 Industrial and Domestic Water System

For the supply of treated water and the storage/removal of the waste water, the power plant will
be supplied with its own industrial and domestic water system.

The industrial and domestic water system for the Lower Spat Gah HPP will be supplied with raw
water out from firefighting water tank. The industrial and domestic water system installed in the
Power Cavern shall be equipped with its own water treatment plant for purification of the raw
water.

The different consumers installed inside the Powerhouse will be supplied with cold and hot water
through this system.

The waste water of the different rooms will be collected by its own piping system. For storage of
the collected sewage water of the different consumers the Power Cavern shall be supplied with a
wastewater storage treatment package.

16.5.9 Oil Treatment Plant

For filtration, dehydration and degassing of the different oil systems, a mobile oil treatment plant
will be provided. The oil treatment plant will be of the mobile type to be used for the equipment
installed in the Power Cavern of the Lower Spat Gah Project.

In addition also a mobile oil tank of sufficient capacity to store oil of one complete governing
system or of turbine and generator bearings of one unit will be provided.

16.5.10 Mechanical Workshop

A mechanical workshop will be provided inside the Power Cavern enabling smaller maintenance
and repair works without the need to transport parts to a local workshop.

The mechanical workshop will be provided with its own monorail hoist crane type and will further
also be equipped with all necessary tools needed for execution of smaller repair works.

16.6 Electrical Balance of Plant

16.6.1 Station Service and AC Power Supply

Under normal operation, the station service power supply in the Powerhouse will be ensured by
two medium voltage station service transformers, connected to the 24 kV medium voltage
switchgear. This switchgear will be fed by branches of the isolated busbars. For limiting the short
circuit power corresponding limiting reactors are foreseen.

The 400 V AC main distribution boards will be fed from Unit 1, 2 or Unit 3. The main distribution
will be separated in non-essential and essential supply. In case of failure of this energy supply,
all essential loads will automatically be fed by an emergency diesel generator unit. Alternatively,
an additional/backup power supply may also be provided by a direct connection to the local 11
kV medium voltage grid, if available.

The 400 V AC main distribution panels and the motor control centres will be of the modular type
with circuit breakers that can be withdrawn for the main circuits and a proven design will be
employed.

The power supply of the Lower Spat Gah Headworks and Lower Gabarband Intake areas will be
provided by local medium or low voltage grid connection. Two small emergency power generators
and DC/UPS systems for control, protection and measuring equipment will ensure essential power
supply at these two areas.
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For the power supply of the portal/access area a low voltage cable connection from the Power
Cavern is foreseen. A small DC/UPS system for control, protection and measuring equipment will
ensure essential power supply.

16.6.2 DC Power System and Uninterruptable Power Supply

The DC power system will have a voltage level of 220 V for feeding the plant control system
equipment, the uninterrupted AC power supply (UPS) and the emergency lighting.

A 220 VDC system in the Power Cavern will be installed to provide power supply for control,
monitoring and protection systems. The DC system will consist of a set of batteries, a twin rectifier
unit and distribution panels. The 220 VDC system together with the emergency diesel generator
will be designed to provide back-up energy for black start capability.

The main 220 V bus will be divided into two parts that will be linked by a bus coupling switch.
Each bus section will be fed by a set of batteries and a battery charger. The main DC consumers
will be fed from both bus sections. The bus coupling switch will be open in normal conditions. If
one part of the bus is disconnected from this source, due to an error in charger or related battery,
the bus coupling switch to the bus will be automatically closed. Both batteries will be sized to
provide emergency power continuously for at least 8 hours. The total battery capacity is roughly
estimated to be 1,600 Ah.

Furthermore, a UPS system will be provided to ensure 220 V AC power supply at all times to
essential equipment such as computers, monitors, etc. in case of failure of the main 400 V AC
system.

16.6.3 Emergency Diesel Generators

To provide emergency power supply of essential consumers within the Powerhouse a diesel
generator set will be foreseen. The size of the diesel unit shall enable starting one unit without
auxiliary power supply. The generator unit of approximately 1,000 kVA power will be located
outside of the Power Cavern at the portal area.

Additional diesel generator sets are also considered at the Lower Spat Gah Headworks and Lower
Gabarband Intake areas to provide reliable power supply for the control system and essential
loads.

16.6.4 Control and Monitoring System

State-of-the-art automation systems will be provided for all plant equipment to allow both local
control and control from the control room and/or load dispatch centre. It will comprise local and
remote control, display and data logging facilities of the whole process.

The proposed topology is considering a process and computer local area network (LAN). On the
process level all automation unit and station controllers will be connected via ring bus system.

The unit controller will take care of the interaction between the several sub-systems of a unit.
The station service/auxiliaries controller will operate and control all switchgears, switchgear
sections and auxiliary services located in the Powerhouse. Joint-control will manage the common
operation modes of the units.

The control room will be located in the Powerhouse and will be equipped with two operator stations
and one engineering station. For local control a touch panel is considered on controller level.

The Upper Erection and Gate Chamber, the Lower Spat Gah Headworks and Lower Gabarband
Intake areas will be connected to the Powerhouse using fibre optical communication medium and
devices.

A metering system will count the energy at the generator terminals and at the 220 kV GIS
switchgear terminals.
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16.6.5 Protection System

The protection system for the power plant encompasses the unit protection, mechanical
protection, hydraulic protection and the electrical protection system. The task of the protection
system is to monitor the unit for unallowable operating conditions, detect malfunctions at an early
stage, and safely stop the unit and corresponding systems if necessary.

The electrical protection will be realised by microprocessor-based protection relay systems for
each of the units and/or components, such like generator, step-up transformer, GIS switchyard
and for the outgoing HV cable connection to the Connection Switchyard. The protection relays will
be assembled in two independent groups as main and backup.

For data exchange, signalling and monitoring the protection system will be interconnected with
the control system.

16.6.6 Grounding & Lightning Protection

One complete interconnected grounding system will be provided for the Powerhouse and all other
areas. Depending on the earth electrode resistance, the mesh width will be determined. For
reaching a low grounding resistance, all electric conductible equipment will be connected together
and to the grounding mesh.

16.6.7 Illumination and Small Power Installations

The design and the location of the equipment will be defined by the purpose of the
rooms/structures at the Powerhouse, Lower Spat Gah Headworks and Lower Gabarband Intake
areas. All installations will be carried out in accordance with best modern construction practice.
The lighting and socket outlet system will be 400/230V AC, three-phase, four-wire with a separate
grounding wire and solidly-grounded neutral.

16.6.8 Communication Systems and Security Systems

The power plant will be equipped with a telephone, clock and public address system.

An integrated security and surveillance system will be installed to achieve a good level of
protection against all potential risks of intrusion and to contribute to the process, equipment, and
personnel safety through IP based Video Surveillance System (VSS) via a Closed Circuit TV
System (CCTV). All these systems will be fed by the correspondent station service supply.

16.6.9 Electrical Workshop

An electrical workshop will be provided inside the Power Cavern enabling smaller maintenance
and repair works without the need to transport parts to a local workshop.

The workshop will be provided with its own crane of monorail hoist crane type and will further
also be equipped with all necessary tools needed for execution of smaller repair works.

16.7 Standards and Regulations

The equipment and systems will be designed in compliance with Codes and Standards applicable
in Pakistan.

 American National Standards Institute (ANSI)

 American Society for Testing and Materials (ASTM)

 Institute of Electrical and Electronics Engineers (IEEE)

 International Electrotechnical Commission (IEC)

 American Society of Mechanical Engineers (ASME)

 Insulated Cable Engineers Association (ICEA)

 National Electrical Code (NEC)
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 National Electrical Manufacturers Association (NEMA)

 National Fire Protection Association (NFPA)

 Steel Structures Painting Council (SSPC)

 National Association of Corrosion Engineers (NACE)

 American Institute of Electrical Engineers (AIEE)

 Illumination Engineering Society (IES)
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17 Transmission Line and Interconnection

17.1 Introduction

This chapter summarises the power systems study conducted to evolve an interconnection
scheme between the Lower Spat Gah HPP and the National Grid, for stable and reliable evacuation
of electrical power generated from this Project. The complete report is attached in Volume 9 –
Transmission Line Studies.

17.2 Interconnection Scheme

The proposed interconnection scheme is to Loop In and Out Lower Spat Gah HPP on the proposed
765 kV line connecting Dasu and Mansehra with an assumed looping length of 10 km. The length
has to be confirmed once the transmission line survey data and the Dasu-Mansehra transmission
alignment is available.

In order to connect the Lower Spat Gah Project to the 765 kV Dasu-Mansehra transmission line,
a 765/220 kV Connection Switchyard located near the Powerhouse access tunnel portals will have
to be constructed. The Connection Switchyard will consist of the 765 kV outdoor GIS yard, one
auto transformer bank 570 MVA 765/220 kV, and a 220 kV GIS yard for connecting the three high
voltage cable systems from the power cavern. The technical data is listed in Table 17-1.

Table 17-1: Technical data for the 765/220 kV Connection Switchyard

Main Data

765 kV Yard
765 kV outdoor GIS, 1.5 CB, 4000 A
2 Line bays with reactors, AIS HV line equipment
1 Transformer feeder

Auto Transformer Bank
3 x 190 MVA single-phase transformers
765/220 kV AIS HV equipment

220 kV Yard
220 kV in-/outdoor GIS, 1.5 CB, 2000 A
1 Transformer feeder
3 Cable bays, AIS HV cable equipment

Station Service Common control building and infrastructure

17.3 Base Case 2030

The transmission network data beyond 2028 was not available from NTDC at the time of the
study. The power systems studies are however carried out for the year 2030 when the Lower Spat
Gah Project delivers power to the grid after COD. The power system studies cannot be carried out
without the system model for the year 2030. The availability of the NTDC transmission expansion
plan for 2030 was unclear at the start of the studies.

In agreement with NTDC and to facilitate these power system studies, PPI developed an interim
Base Case for 2030 based on i) assumptions agreed with NTDC and ii) the approved load forecast
until 2030 and system data (NTDC Transmission Plan & IGCEP). Once the NTDC transmission plan
for 2030 is available, the power systems studies might have to be updated. This was done for the
peak case as well as the off-peak case.

17.4 Load Flow Studies

Detailed load flow studies have been carried out for following scenarios:

 Peak load summer 2030,

 Off-peak load summer 2030.

The peak load case for summer 2030 has been studied in detail for both without and with the
Lower Spat Gah HPP. It can be concluded from the analysis that the proposed interconnection
scheme with all the proposed reinforcements and the protection schemes is adequate to evacuate
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the power of the Lower Spat Gah HPP under normal and contingency conditions. The
interconnection ensures reliability and availability under all events of contingencies, i.e. planned
or forced outages studied in this report for the base year. The bus bar voltages remain well within
the permissible limits in all the contingency events.

17.5 Short Circuit Analysis

In order to assess the short circuit strength of the 765 kV network without the Lower Spat Gah
HPP, three-phase and single-phase fault currents have been calculated for the NTDC network in
the vicinity of the Lower Spat Gah HPP site for the year 2030. These levels will give the information
of the fault levels without the Lower Spat Gah HPP, which can be used to determine the impact
of the addition of the Project later on.

The total maximum fault currents for 3-phase and 1-phase short circuit at these substations are
summarized in Table 17-2. The maximum calculated fault currents do not exceed the short circuit
ratings of the equipment at these substations.

Table 17-2: Maximum short circuit levels without Lower Spat Gah HPP

Substation 3-Phase Fault Current
(kA)

1-Phase Fault Current
(kA)

Dasu 765 kV 11.35 12.06
Mansehra 765 kV 13.88 10.85

ISB-W 765 kV 15.12 13.39
ISBD-W 500 kV 47.92 40.53
Tarbela 500 kV 45.66 48.08

G. Brotha 500 kV 37.77 32.93
Gatti 500 kV 33.04 24.07
Rewat-N 500 kV 34.31 25.01

Gujranwala 500 kV 36.21 26.17
Maira-S/S 500 kV 33.26 27.97

Maximum fault currents have then been calculated for the electrical interconnection of the
proposed scheme. A summary of fault currents at significant bus bars of interest are tabulated in
Table 17-3. The comparison of Table 17-2 and Table 17-3 shows that results of short circuit levels
for three-phase and single-phase faults improved due to the connection of the Lower Spat Gah
HPP on the 765 kV bus bars, these fault levels are much below the rated short circuit values of
the equipment installed at these substations.

The maximum short circuit levels at Lower Spat Gah 765 kV are 12.65 kA and 11.17 kA for 3-
phase and 1-phase faults, respectively, in the year 2030. Therefore, industry standard switchgear
of a short circuit rating of 63 kA would be sufficient for installation at 765 kV switchyard of Lower
Spat Gah HPP, as the maximum short circuit levels for the year 2030 were also found to be within
this range, taking care of any future generation additions and system reinforcements in its
electrical vicinity and also fulfilling the NEPRA Grid Code requirements specified for 765 kV
switchgears. There are no violations of the power rating of the equipment in the vicinity of Lower
Spat Gah HPP in the event of fault conditions.
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Table 17-3: Maximum short circuit levels with Lower Spat Gah HPP

Substation 3-Phase Fault Current
(kA)

1-Phase Fault Current
(kA)

Lower Spat Gah 765 kV 12.65 11.17
Dasu 765 kV 12.87 13.52

Mansehra 765 kV 15.08 11.42
ISB-W 765 kV 16.01 13.87
ISBD-W 500 kV 48.78 40.97

Tarbela 500 kV 46.07 48.38
G.Brotha 500 kV 37.96 33.06
Gatti 500 kV 33.01 24.05

Rewat-N 500 kV 34.59 25.12
Gujranwala 500 kV 36.12 26.08
Maira-S/S 500 kV 33.34 28.01

17.6 Dynamic Stability Analysis

The dynamic stability has been analysed to check if the interconnection withstands dynamic
stability criteria of post fault recovery with good damping. Each simulation is run for its first one
second for the steady state conditions of the system prior to fault or disturbance. This is to
establish that the pre fault/disturbance conditions of the network under study were smooth and
steady. Post fault recovery has been monitored for nineteen seconds. Usually, all the transients
due to non-linearity die out within a few seconds after disturbance is cleared in the system.

Three-phase faults are considered as the worst disturbance in the system and line tripping has
been simulated at the Lower Spat Gah HPP, Dasu HPP and Mansehra HPP bus bars.

The results of the dynamic stability carried out for summer 2030 show that the system is strong
and stable for the proposed scheme for the severest possible faults of 765 kV systems near the
Lower Spat Gah HPP under all events of disturbances. Therefore, there is no problem of dynamic
stability for interconnection of the Lower Spat Gah HPP, it fulfils all the criteria of dynamic stability.
The system is found strong enough to stay stable and recovered with fast damping.

17.7 Conclusion

The power systems study showed that the proposed scheme of interconnection has no technical
constraints or problems, it fulfils all the criteria of reliability and stability under steady state load
flow, contingency load flows considered, short circuit currents and dynamic/transient conditions.
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18 Environmental and Social Impact Assessment

18.1 Introduction

This chapter is a summary of Volume 11 – Environmental and Social Impact Assessment, which
presents the results of the Environmental and Social Impact Assessment (ESIA) and the
Resettlement Action Plan (RAP) developed as part of the study.

The overall purpose of the ESIA is to identify the potential environmental and social impacts of
the Project and evaluate them following a process which is acceptable to regulatory authorities in
Pakistan and the Project Lenders. In this process, the ESIA identified measures to minimize any
anticipated adverse impact of the Project, at least to the level that it meets the national and good
international industry practice criteria for evaluation of environmental and social impacts, in
particular the International Finance Corporation’s (IFC) Standards and the Equator Principles.

Besides the standard evaluations and consultations, the ESIA also assessed whether:

 The Project would trigger Critical Habitat for any impacted flora or fauna species and to
what extent modified and natural habitats are impacted. This assessment resulted
together with the environmental flow assessment’s conclusions in the preparation of a
Biodiversity Action Plan,

 The Project would cause, reduce or increase cumulative impacts in combination with other
existing and proposed large infrastructure in the region,

 Anticipated climate change impacts would cause any risks to the Project.

18.2 Stakeholder Consultation

The consultation process was designed to be consistent with relevant national legislation and the
IFC Performance Standards.

Consultations with Project stakeholders were undertaken in October, November, and December
2020. A Background Information Document (BID) prepared in English and Urdu was shared with
the stakeholders. The BID provided a background about the Project and informed the stakeholders
about the ESIA process. A total of 11 local communities were consulted, and meetings with key
institutional stakeholders were conducted. The main concerns expressed by the communities
include the water usage, provision of health, education and access roads as well as the impact of
the construction and people from outside the area.

18.3 Grievance Redress Procedure

A procedure will be adopted to resolve grievances received by the Grievance Redress Committees.
The grievance mechanism will be made public through public consultations by the Environment
and Social Unit of the Power Management Unit and the Consultant.

18.4 Baseline Studies

To assess the impact of the Project on the existing conditions, the baselines of the following
environmental and social conditions were established:

 Physical environment: geology, soils, hazards, topography, land use, climate, air quality,
sound levels, visual character, and the water resources of the study area.

 Ecology baseline: fish, macro-invertebrates, riparian vegetation, terrestrial flora,
mammals, avifauna, and herpetofauna of the study area.

 Socioeconomic environment: narrative description of the socioeconomic zones, a
description of the demographics, ethnicity, religion, governance, and administrative
setup, social service infrastructure, physical infrastructure, local economy household
socioeconomic conditions, indigenous people, and cultural heritage of the study area.

The impact of the Project design, construction, and operation on the physical, ecological and
socioeconomic environment of the area is assessed in relation to the baseline studies.



Feasibility Study
Volume 1: Main Report

Page 248

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

18.5 Study of Alternatives

The study of alternatives identified and analyzed various alternatives to the Project and its design,
this included ‘no project’ option, alternative technology and scale of power generation, alternative
Project location and layout, peaking and non-peaking operation, environmental flow and
management option, and options for equipment and supplies transportation.

Over the last decade, the Government of Pakistan prioritised hydropower development across all
territories in its control to overcome massive shortfalls in power capacity which are estimated to
have reached 8,500 MW in 2012. Pakistan is now on the path to successfully overcoming this
energy crisis, through increase in generation as well as in transmission capacity. In 2016, the gap
between supply and demand was over 2,600 MW according to PEDO. The proposed Project will
contribute 470 MW to the supply of much needed power to reduce the current gap. Thus, in the
absence of this Project, the gap in power supply and demand will continue to grow.

The alternatives to the proposed hydropower project include power generation from liquefied natural
gas / imported natural gas based combined cycle gas turbines, coal fired steam plants, and fuel oil-
based diesel engines. In addition, other technologies such as nuclear, and wind and solar renewable
energy power plants could also be considered as alternatives. An analysis of the life cycle average
cost of generation from the competing technologies was carried out by NEPRA to assess the least
cost generation alternative of the Project.

The cost of power generation for the proposed large size run-of-river hydropower project is lower
than that for LNG, and comparable to coal. Even though the cost of wind energy and solar projects
is lower, the power generation is intermittent and weather dependent and requires back up fossil
fuel-based power generation capacity or pumped storage projects to maintain supply in the grid.

18.6 Project Impacts

During the scoping stage of the ESIA process, several potential environmental and social impacts
of the Project were identified. The baseline surveys were conducted keeping in consideration the
potential impacts.

A summary of Project impacts is presented in Table 18-1, with probability being the likelihood of
the impact based on Project information and expert judgement. All other environmental impacts
are of minor or moderate significance. Only the impacts on aquatic biodiversity can be considered
significant. These impacts will be mitigated by maintaining minimum environmental flow and
implementing a Biodiversity Action Plan.

Major social impacts include acquisition of land which will require resettlement of some
households. In addition, influx and exposure to outsiders during the construction and operation
phase is also seen as a risk to the small yet culturally sensitive indigenous community.

The impact assessment show what mitigation measures are required and defines them further in
the Environmental and Social Management Plan, the Biodiversity Action Plan and the Resettlement
Action Plan.
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Table 18-1: Summary of identified environmental and social impacts
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1 Ambient air
quality

Increase in
ambient and
ground level
concentration of
air pollutants
from
construction
activities and
vehicular
movement may
cause health
impacts to the
community.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
Term

Small Low Possible Low - High

2 Blasting and
vibration

Vibration from
blasting during
the construction
phase may
disturb local
communities.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
Term

Small Low Possible Low - High

3 Blasting and
vibration

Blasting may
pose a health
hazard due to
flying debris.

C Ini. Major Short
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
Term

Small Low Possible Low - High

4 Hydrology and
water quality

Alterations of
natural passage
of springs due
to blasting for
tunnels may
disrupt the
water supply for
mountain spring
users.

C,
O

Ini. Moderate Long
Term

Inter-
mediate

High Possible High - High

Res. Minor Long
Term

Inter-
mediate

Mediu
m

Possible Medium - High

5 Hydrology and
water quality

Use of local
water resources
for construction
activities may
reduce the
water
availability for
local
communities.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
Term

Small Low Unlikely Low - High

6 Hydrology and
water quality

Discharge from
construction
activities can
potentially
result in the
contamination
of groundwater
and surface
water.

C Ini. Moderate Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Unlikely Low - High
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7 Construction
noise

Increase in
ambient noise
levels due to
operation of
construction
equipment,
movement of
construction
traffic and
blasting may
create nuisance
for nearby
communities.

C Ini. Moderate Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

8 Soil,
topography,
and land
stability

Contamination
of soil because
of accidental
release of
solvents, oils
and lubricants
can degrades
soil fertility and
agricultural
productivity.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
Term

Inter-
mediate

Low Unlikely Low - High

9 Soil,
topography
and land
stability

Land clearing,
excavation,
tunnel boring
and other
construction
activities may
loosen the
topsoil in the
Project area
resulting in loss
of soil and
possible
acceleration of
soil erosion and
land sliding,
especially in the
wet season.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Definite Medium - High

Res. Minor Short
Term

Small Low Possible Low - High

10 Soil,
topography,
and land
stability

Failure of spoil
dumping sites
resulting in
increased
erosion and
sediment load
entering river.

C Ini. Moderate Short
Term

Inter-
mediate

Mediu
m

Definite Medium - High

Res. Minor Short
Term

Small Low Possible Low - High

11 Aesthetics Deterioration of
aesthetics and

C Ini. Minor Short
Term

Small Low Possible Low - High
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visual amenity
of nearby
receptors due to
construction
activities,
including
vehicular
movement on
roads, may
cause
disturbance in
aesthetics for
tourists,
businesses and
nearby
communities.

Res. Minor Short
Term

Small Low Possible Low - High

12 Aesthetics Permanent
change in
aesthetics of the
area due to the
reservoirs and
dam.

O Ini. Minor Long
Term

Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Long
Term

Small Mediu
m

Possible Medium - High

13 Traffic and
roads

Improved
accessibility due
to construction
of Project
access roads.

C,
O

Ini. Minor Long
Term

Intermed
iate

Mediu
m

Definite Medium + High

Res. Minor Long
Term

Intermed
iate

Mediu
m

Definite Medium + High

14 Traffic and
roads

Increase in
congestion, due
to increased
traffic volume
will cause
delays.

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

15 Traffic and
roads

Increase in
traffic volume
will deteriorate
the air quality.

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

16 Traffic and
roads

Increased risk
to community
safety due to
increased traffic
volume during
the construction
phase near
communities.

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

17 Traffic and
roads

Degradation of
the pavement
due to use by
heavy
construction
traffic.

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

18 Climate
Change

GHG Emissions
due to
inundation of
biomass in the
Lower Spat Gah
HPP Reservoirs

O Ini. Minor Medium
term

Inter-
mediate

Low Possible Low - High

Res. Minor Medium
term

Inter-
mediate

Low Possible Low - High
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19 Climate
Change

Embodied GHG
emissions from
construction
materials will
increase GHG
concentration in
the atmosphere
thereby
contributing to
climate change.

C Ini. Minor Short
Term

Inter-
mediate

Low Definite Low - High

Res. Minor Short
Term

Inter-
mediate

Low Definite Low - High

20 Aquatic
Ecology

Loss of Aquatic
Biodiversity due
to Creation of a
Low Flow
Section

C,
O

Ini. Moderate Long
Term

Small Modera
te

Definite Medium - High

Res. Moderate Long
Term

Small Modera
te

Definite Medium - High

21 Terrestrial
Ecology

Terrestrial
habitat loss due
to development
of Project
infrastructure

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

22 Terrestrial
Ecology

Decline in
abundance and
diversity of
terrestrial flora
and fauna
caused by
construction
related
activities.

C Ini. Minor Short
Term

Small Low Possible Low - High

Res. Minor Short
Term

Small Low Possible Low - High

23 Terrestrial
Ecology

Project
operation
leading to
animal
disturbance,
displacement
and decline

O Ini. Minor Long
Term

Small Mediu
m

Possible Medium - High

Res. Minor Medium Small Low Possible Low - High

24 Employment Direct, indirect
and induced
employment at
the local levels,
resulting in
increased
prosperity and
wellbeing due to
higher and
stable incomes
of people.

C,
O

Ini. Minor Long
term

Inter-
mediate

Mediu
m

Possible Medium + High

Res. Moderate Long
term

Inter-
mediate

High Definite High + Medium

25 Training and
Skill
Development

Increase in the
stock of skilled
human capital
due to transfer
of knowledge
and skill under
the Project
resulting in
enhanced
productivity of
the local labor.

C,
O

Ini. Minor Long
term

Inter-
mediate

Mediu
m

Possible Medium + Low

Res. Moderate Long
term

Inter-
mediate

High Possible High + Low
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26 Land
Acquisition

Loss of assets
and livelihood
because of land
acquired for the
Project.

C,
O

Ini. Major Long
term

Extensiv
e

High Definite High - High

Res. Minor Medium Small Low Possible Low - Low

27 Pressure on
Social
Infrastructure
and Services

Increase in
population due
to in-migration
of job seekers
(in-migrants)
leading to
pressure on
existing social
infrastructure
and services in
the Study Area.

C Ini. Moderate Medium Inter-
mediate

Mediu
m

Possible Medium - Medium

Res. Minor Medium Inter-
mediate

Low Possible Low - Medium

28 Conflicts Due
to Provision of
Employment
to Outsiders

Disputes over
distribution of
Project
employment
within and
between Study
Area inhabitants
and the in-
migrants
resulting in
social unrest.

C Ini. Moderate Medium Inter-
mediate

Mediu
m

Possible Medium - High

Res. Minor Short
term

Inter-
mediate

Low Possible Low - Medium

29 Conflicting
Socio-Cultural
Norms

Potential social
unrest in the
Study Area due
to conflicting
socio-cultural
norms amongst
the inhabitants
and in-migrants.

C Ini. Minor Short
term

Small Low Possible Low - Medium

C: Construction (and pre-Construction); O: Operation; Init: Initial; Res: Residual; Duration: Short (less
than four years), Long (beyond the life of the Project)

Frequency: High (more than 10 times a year), Low (less than once a year)

18.7 Environmental Flow Impact Assessment

An environmental flow assessment for the Spat Gah and Gabarband Rivers, upstream and
downstream of the Project was carried out as part of the ESIA. The objectives of the assessment
were:

 To assess the environmental (ecological and social) implications of the operation of Lower
Spat Gah HPP on the Spat Gah and Gabarband Rivers,

 Provide stakeholders with the above information to facilitate informed decision making for
Project operation,

 Support the development of the Biodiversity Action Plan.

In addition to the flow and barrier related impacts on the aquatic biodiversity which will be caused
by Project development, there are limited non-flow related pressures on the river ecosystem that
are impacting the biodiversity. Due to the low levels of socioeconomic pressures, socioeconomic
parameters were not included directly in the EFlow assessment.
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The EFlow assessment paid particular attention to the impacts on the vulnerable and migratory
Snow Trout which is a fish species of concern with regards to conservation significance. The impact
of different flow scenarios on the fish population compared to the baseline was determined and
the final decision on the environmental flow should be taken by the relevant Project stakeholders
considering the trade-off to power generation and the survival of the species present in the river
under advice from KP EPA.

18.8 Climate Change Risk Assessment

The climate change risk assessment was carried out to evaluate the assessment of anticipated
future changes in climate and their impact on the Project.

The Climate Change Risk Assessment concluded that the Lower Spat Gah HPP, as currently
planned, is unlikely to be impacted by climate related changes in the catchment and is unlikely to
impact the downstream water availability.

18.9 Cumulative Impact Assessment

This Cumulative Impact Assessment was prepared as part of the ESIA, and the assessment
followed the methodology of IFC’s Good Practice Handbook on Cumulative Impact Assessment
and Management, and guidance notes from IFC’s Performance Standard 1.

Presently, 15 hydropower projects are in various development stages in the Spat Gah and Upper
Indus Basin. These include three projects that are operational, two under construction, three
projects at feasibility stage, and seven projects at Pre-Feasibility stage. The combined installed
capacity of these projects is approximately 17,841 MW.

The following Valued Environmental and Social Components were prioritized after a detailed
literature review, Project Feasibility studies, and information gathered from multiple site visits
and stakeholder consultations:

 River ecology,

 Flow regime,

 Fish fauna.

Climate change, seismicity, unregulated fishing, and waste generation are the three external
stressors impacting the VECs.

Based on the assessment under full development scenario, the main stream of the Indus River
will be highly modified after completion of all 15 hydropower projects. However, relative
contribution of Lower Spat Gah HPP in the cumulative impacts is considered low.

18.10 Biodiversity Action Plan

A Habitat Assessment for the Project site and vicinity was carried out as part of the ESIA of the
Lower Spat Gah Hydropower Project according to the IFC’s Performance Standard 6 (IFC PS6). It
was determined that the Project lies in a Natural Habitat both for aquatic and terrestrial
environment. This is because the water of the river is not regulated by dams, reservoirs, or
barrages. Anthropogenic impacts such as sediment extraction from riverbed and banks (for
construction) is limited, primarily because the Spat Gah Valley is difficult to access and demand
for sediment is low.

In Natural Habitats, ‘no net loss where feasible’ is required for those values for which Natural
Habitat has been designated under IFC PS6. The Biodiversity Action Plan (BAP) was prepared to
meet the requirements of IFCs PS6.

The strategy and approach used for protecting the biodiversity included the following:

 Setting up an effective protection system that will help to reduce the existing
anthropogenic pressures in the Area of Management which is central to keeping the
integrity of the Area of Management of the BAP intact. This will:

o Curtail illegal fishing including non-selective fishing, fishing in breeding season of
fish, fishing in river tributaries,
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o Regulate sediment mining to maintain it at sustainable levels and prevent sediment
mining from ecologically sensitive locations,

 Promote environmental awareness among the local communities and engage them in
protecting the ecological resources,

 Institutional strengthening of custodian government departments.

18.11 Resettlement Action Plan

A Resettlement Action Plan has been prepared for the Project to undertake the resettlement in a
fair and open manner and to minimise social or economic impacts. The basic principles used for
resettlement are derived from Pakistani laws, IFC Performance Standards and ADB’s Safeguard
Policy Statement 2009 so that the livelihoods and standards of living for all affected households
are improved or at least restored.

A total of 90 households will be affected by the execution of the Project based on the resettlement
field survey conducted in October and November 2020. Out of 90 households, 25 households’
residences will be affected, 25 households’ cultivated lands and crops will be affected,
82 households’ uncultivated lands will be affected, 21 households will lose their fruit trees, and
74 households will lose their non–fruit trees. All the affected households losing any asset will be
compensated according to the replacement cost. Every Project Affected Person losing their
livelihood resources or places of income generation because of Project interventions will be
supported with income and livelihood restoration assistance. Moreover, eligible PAPs will also
receive resettlement allowances like relocation allowance, vulnerability allowance, severe impact
allowance etc.

The Resettlement Action Plan also provides a grievance redress mechanism and a monitoring and
evaluation system. It is also anticipated that the Project development will significantly contribute
to the betterment of the socio-economic conditions in the Project area besides better connectivity
and overall improvement of local and regional infrastructure.
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19 Transportation Survey

19.1 Road Route

This transportation survey chapter is a summary of Volume 10 – Transportation Survey which
presents the results of the route survey carried out for the Lower Spat Gah Project. It was
assumed that the relevant equipment is transported from Port Qasim in Karachi to the Project
site, and a viable transport route has been identified. The route shown in Figure 19-1 has been
selected because it is the route used for the majority of heavy cargo transports in Pakistan. It is
the most optimal, feasible and safe route as indicated by the many past heavy cargo transports
using the presented road. The survey documents the obstacles such as bridges and overhead
structures along the route as observed during the survey in October 2020.

Figure 19-1: Route overview between Port Qasim, Karachi, and the Project site

19.2 Railway Route

There is a railway line between Karachi and Havelian station north of Islamabad. The only
availability for cargo movement with the railway infrastructure is based on standard 20 or 40-foot
containers with standard weight limitations of 15 tons per container. Because such options are
not applicable for the transport of the heavy bulk equipment, the transportation survey only
comprised road routes.

19.3 Relevant Equipment to be Transported

The heavy and large equipment to be transported to the site consists of turbines, generators,
transformers and hydromechanical equipment. The equipment will mostly be manufactured
outside of Pakistan and is expected to be unloaded in Karachi. The largest and heaviest cargo
dimensions relevant for the route survey are given in Table 19-1.
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Table 19-1: Overview of largest and heaviest cargo

Equipment Transport Weight
(tons)

Dimensions
(m)

Remark

Turbine runner - outer
diameter - 3.2

Generator

Generator design can be
adopted to transport
restrictions in a wide range,
therefore not relevant

Transformer 125 8.5 x 4.0 x 4.0 Heaviest and largest cargo
(without oil)

GIS 5 4.5 x 2.2 x 2.2

Butterfly valve
upstream of pressure
shaft

60 4.0

MIV upstream of
powerhouse 70 2.0

19.4 Trailer Categories in Pakistan

Table 19-2 lists the trailer categories in Pakistan. All provisioned details are as per Pakistan’s
Logistics Market Dynamics.

Table 19-2: Trailer categories in Pakistan

Description of Equipment Axle based Composition Trailer Capacity

Flat-bed trailer
Bi-axle based trailer Max up to 20 ton
Tri-axle based trailer Max up to 35 ton

Low-bed trailer
Bi-axle based trailer Max up to 60 ton

Tri-axle based trailer Max up to 120 ton

Specialized trailer / hydraulic
multi-axle modular trailer Multi-axle composition

Weight handling to be based
on range from 100 to 500 ton

average in Pakistan

19.5 Roads and Bridges along Route

As much information as possible about the minimum dimensions and maximum weight capacity
of roads and bridges has been collected from the relevant authorities for this survey. However,
information is often not available to the general public or firms for bridges located in the Northern
Region.

Based on the route survey detailed in Volume 10 - Transportation Survey, the maximum weight
and minimum road dimensions between Karachi port and the new Indus Bridge near the Lower
Spat Gah Powerhouse area can be summarised as follows:

 Minimum road clearance: 3.5 m (min road width at 3.0 m) at one obstacle,

 Minimum road height: 5.1 m at nine obstacles,

 Maximum bridge pay load capacity (where known):

o 150 ton, maximum span: 35 m at ten obstacles,

o 140 ton, maximum span: 42.6 m at one obstacle,

o 130 ton, maximum span: 9 m at one obstacle,

o 128 ton, maximum span: 45 m at one obstacle.



Feasibility Study
Volume 1: Main Report

Page 258

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

While information could be retrieved from the National Highway Authority (NHA) for most of the
bridges along the route, the nominated agent authorized for Project logistics by the EPC
Contractor will have to approach NHA during Project execution to collect the missing information.

19.6 Conclusion

Based on the conducted survey, there is only one obstacle with a road width and clearance smaller
than the largest equipment. Civil work may be required in the form of road extension / expansion
over a length of 49 m. All other obstacles on the route to Dasu have a road clearance of at least
4.6 m.

Possible civil work due to minimum road height and bridge capacity will have to be evaluated by
the logistics subcontractor during the Project execution when the final dimensions are known and
the route feasibility is evaluated. It is recommended to not transport the relevant equipment in
the monsoon season due to the risk of landslides.

It is expected that the transformers of the Dasu HPP, which are heavier and larger, will be using
the same route. It is recommended to approach the Project Owners about their transportation
concept and using synergies to be able to transport the Lower Spat Gah HPP equipment with
minor or no adjustments to be borne by the Client for the Lower Spat Gah HPP.
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20 Construction Procedure and Schedule

Corresponding Drawings

LSG-FS-040-001 Site Facilities, Site installations, Borrow & Disposal Areas, General Layout

LSG-FS-040-002 Site Facilities, Main Site Installation Powerhouse, Overview Map

LSG-FS-040-003 Site Facilities, Site Installation Lower Spat Gah Headworks, Overview Map

LSG-FS-040-004 Site Facilities, Site Installation Gabarband Crossing and Lower Gabarband
Intake, Overview Map

20.1 General

The implementation of the Lower Spat Gah Project can be divided into the pre-award activities,
early works (2 years), the construction phase and the commissioning phase (5.5 years) for an
assumed total construction duration of 7.5 years. The pre-award activities consider the activities
required for the development of the Project prior to execution such as further design activities
including complementary site investigations, EPC tendering, negotiating the concession
agreement, achieving financing and securing the power purchase agreement. The early works of
the Project begin after the Client has taken the initial investment decision.

The early works will consist of the provision of site infrastructures as well as some of the access
roads as an acceleration measure for the main works. The construction of the Lower Spat Gah
HPP involves several different and independent construction sites spread out over a wide area.
Therefore the construction of access roads and access tunnels to the different sites becomes an
important and with regard to the schedule critical part of the construction works. The Project work
can be divided into the following three main areas for the works:

 Lower Spat Gah Headworks comprising dam, flushing channels, desander intake,
desander and Headrace Tunnel intake as well as Lower Gabarband Intake comprising weir,
desander intake, desander and Gabarband Intake Tunnel intake, both with river diversion
in two stages,

 Power Waterway including Headrace Tunnel, Pressure Shaft, Surge Shaft, penstock to
Powerhouse and Gabarband Intake Tunnel,

 Powerhouse complex containing Powerhouse Cavern, Transformer Cavern, Tailrace
Tunnel and access tunnels.

20.2 Project Milestones

It has been assumed to start construction of the main access roads in January of Year 1 after the
approval of the Feasibility Study by the Korean and Pakistani governments. The finalisation of the
access road to the Powerhouse portal together with the mobilisation of the EPC Contractor in the
first half of Year 2 will allow for the start of the main works for the Powerhouse complex in the
second half of Year 2.

Due to the required access roads the works for the Headrace Tunnel from the Gabarband Crossing
will start at the end of Year 2 while the works for the Lower Spat Gah Headworks and the Headrace
Tunnel from the Lower Spat Gah Headworks the works will start at the end of Year 3. This results
in a Commercial Operation Date in the middle of Year 8. With this the total construction time is
7.5 years with 2 years of early works and 5.5 years of main construction and commissioning
works.

The key Project milestones are listed in Table 20-1.
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Table 20-1: Key Project planning milestones

Project Planning

Commencement date of access road construction January Year 1

Commencement Date of EPC Contract January Year 2

Lower Spat Gah reservoir ready for Impounding June Year 7

Waterway ready for Filling October Year 7

Date of Completion April Year 8

Commercial Operation Date June Year 8

20.3 Early Works Activities

The early works activities comprise the Project access roads and the Owner’s and Owner’s
Engineer’s camp. Table 20-2 lists the access roads and for which works they are required.

Table 20-2: Summary of access roads and bridges

Access Roads and bridges Enabling Works

Bridge across Indus River All works of Project

Access roads to Tailrace Outlet Structure and
Powerhouse access portals

Powerhouse Complex, Tailrace Tunnel, High
Pressure Tunnel, Pressure Shaft

Access road to Dogah All headworks and Headrace Tunnel

Access road and bridge from Dogah to Lower
Spat Gah Headworks

Lower Spat Gah Headworks, Headrace
Tunnel

Access road from Dogah to Gabarband
Crossing/adits Headrace Tunnel, Lower Gabarband Intake

Access road to Upper Erection and Gate
Chamber

Headrace Tunnel, Pressure Shaft and Surge
Shaft

Construction road to top of Surge Shaft Surge Shaft

The access roads are critical for the schedule for both the Lower Spat Gah Headworks and also
the Headrace Tunnel as they are required to start the respective works.

The progress rates for the opening of the access roads are estimated at 25 m/d and 10 m/d for
easy and semi-difficult morphologies including bridge construction based on the design and
quantities obtained from the specific access roads study and the construction preferences of the
Early Work Contractor.

20.4 Progress Rates and Scheduling of Main Activities

For the preparation of the preliminary construction schedule, the construction sequence and
progress rates have been examined carefully for the main activities listed hereafter:

 Construction of the Lower Spat Gah Headworks and Lower Gabarband Intake,

 Construction of the Power Waterway,

 Construction of the Powerhouse, cavern access tunnels and Tailrace Tunnel.

For each of those structures the construction procedure is briefly outlined hereafter and the
assumed progress rates of the main activities are presented. The duration of time for critical tasks
is determined by the comparison of principal quantities for the civil works and the average
schedulable progress rates assumed for the construction schedule are indicated in Table 20-3. For
all works, working times of 7 days per week and 365 days per year have been assumed.
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Table 20-3: Average schedulable progress rates assumed

Activity Average Progress Rate

Access road (easy morphology) 25 m/d

Access road (semi-difficult morphology) 10 m/d

Excavation of Headrace Tunnel 4 m/d

Tunnel concrete lining (per formwork carriage) 5 m/d

Shaft concrete lining 1.5 m/d

Tunnel finishing works 40 m/d

Placement, welding and backfilling of steel liner (tunnel and shaft) 1.5 m/d

Corrosion protection of steel liner and finishing works 10 m/d

Excavation of Powerhouse 220 m3/d

Powerhouse concrete lining 30-60 m3/d

E&M installation time 13 months total

20.4.1 Lower Spat Gah Headworks and Lower Gabarband Intake

Lower Spat Gah Headworks

The Lower Spat Gah Headworks are planned in two main stages to divert the river first on one
side and for stage 2 on the other side as described in Chapter 11.5. For each stage the river will
be diverted using the intermediate pier wall as a retaining structure for building the upstream and
downstream cofferdams. The following works are planned for each stage:

Stage 1:

 Flushing channels No. 2 and 3,

 Desander intake structure,

 Desander,

 Forebay (concrete works after tunnelling complete).

Stage 2:

 Flushing channel No. 1,

 Dam.

The construction works for the cut-off wall and the cofferdams (for both stages) can only happen
in the winter half year during the low-flow season. With the current optimised access road
construction, the works for the Lower Spat Gah Headworks start approximately in October of
Year 3.

For the construction works of the Headrace Tunnel one front will start from the forebay of the
Lower Spat Gah Headworks. It was conservatively assumed that the concrete works for the
forebay can only start when the construction works of the Headrace Tunnel from the desander
are completed. Nevertheless, this may be optimised at a later Project stage.

Lower Gabarband Intake

The Lower Gabarband Intake is planned in two main stages to divert the river first on one side
and for stage 2 on the other side as described in Chapter 12.4.6. For each stage the river will be
diverted using the intermediate pier wall as a retaining structure for building the upstream and
downstream cofferdams. The following works are planned for each stage:
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Stage 1:

 Flushing channel,

 Desander intake structure,

 Desander,

 Forebay.

Stage 2

 Spillway.

The construction works for the cofferdams (for both stages) can only happen in the winter half
year during the low-flow season. The works for the Lower Gabarband Intake can also only
commence when the tunnel excavation and rock support to the Lower Gabarband Intake is
complete. With the completion of the Gabarband Intake Tunnel excavation and rock support in
December of Year 4, the works at the Lower Gabarband Intake, namely the intermediate pier and
flushing channel slab, can start in October of Year 5.

20.4.2 Power Waterway

The Headrace Tunnel will be excavated and constructed from the following four fronts:

 Lower Spat Gah Headworks,

 Gabarband Crossing Left Bank,

 Gabarband Crossing Right Bank,

 Access tunnel to Upper Erection and Gate Chamber.

The excavation for all Headrace Tunnel sections as well as the Gabarband Intake Tunnel shall
happen simultaneously as soon as the respective accesses to the fronts are available.

The Headrace Tunnel and Gabarband Intake Tunnel will be excavated by the drill and blast
method. The Headrace Tunnel is concrete lined except for a 760 m long section at the Gabarband
Crossing and for about 86.5 m at the downstream end of the Headrace Tunnel where a steel liner
is required.

The Gabarband Intake Tunnel is excavated from the Headrace Tunnel junction towards the Lower
Gabarband Intake. It is shotcrete lined and has a GRP pipe installed on supports on one side of
the tunnel. The pipe can be installed after the completion of the Lower Gabarband Intake. Due to
the scheduling of the Lower Gabarband Intake cofferdam in the low flow season, the pipe will be
installed after the excavation of the tunnel.

The Pressure Shaft shall be excavated by the raise drill method. For the works to commence, the
access tunnels to the upper and the lower erection chambers have to be completed. For the raise
drill a small pilot hole is first drilled from the Upper Erection and Gate Chamber. Then the raise
drill starting from the bottom to the top is used to excavate the Pressure Shaft while the excavated
material drops to the lower erection chamber and has to be mucked from there. For the Pressure
Shaft a steel liner is required.

The Surge Shaft is slightly offset to the Pressure Shaft and shall also be excavated by the raise
drill method. For the works to start, the construction road to the surge shaft chamber, the surge
shaft chamber and the access tunnel to the Upper Erection and Gate Chamber have to be
completed. The mucking of the Surge Shaft and the Headrace Tunnel will be transported from the
Upper Erection and Gate Chamber to the spoil area. For the Surge Shaft a concrete lining is
foreseen.

20.4.3 Powerhouse and Tailrace Tunnel

The Main Access and Power Evacuation Tunnel to the Powerhouse Cavern shall be excavated at
the same time as the Tailrace Tunnel that will be used for mucking. Alternatively, adits to the
Power Cavern, Transformer Cavern and to the Tailrace Tunnel could be constructed from the Main
Access and Power Evacuation Tunnel for access and mucking.
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For both tunnels the permanent concrete tunnel lining at the bottom should be completed first to
allow the vehicles driving to or from the Powerhouse to have a decent speed to allow sufficient
progress rate for the works in the Powerhouse. Tunnels without concrete lining often have very
uneven surfaces which considerably slow down the traffic. For the Main Access and Power
Evacuation Tunnel a preliminary bottom slab will be constructed before the cavern works to allow
for better driving conditions. The final bottom slab in the Main Access and Power Evacuation
Tunnel and the concrete lining of the Tailrace Tunnel will however only be installed later.

The construction sequences for the excavation using ramps, concrete works and the interfaces of
the Powerhouse and Transformer Caverns are described in detail in Chapter 14.9.

20.4.4 Manufacturing, Transport and Installation Sequence of the
Electro-Mechanical Equipment

The construction sequence of the electro-mechanical equipment is described in detail in
Chapter 14.9.

For the installation of the main inlet valves (MIV), Pelton turbines, turbine shafts, and generators
a duration of 13 months is assumed.

For the commissioning of the machine unit 1 a duration of two months is considered. For the two
following units a slightly shorter duration of one and a half months is assumed. The commissioning
of the units is planned in consecutive order.

20.4.5 Switchyard and Transmission Line

For the switchyard and the transmission line for the tender, design, construction and
commissioning a duration of 36 months is assumed in the schedule. This duration still has to be
confirmed by the National Transmission & Despatch Company (NTDC).

In any case the switchyard and transmission line are not anticipated to be on the critical path.

20.5 Construction Schedule

For the complete construction schedule please refer to Annex 1 in this volume.

20.6 Critical Path

The works for the Powerhouse complex are on the critical path.

The works for the Headrace Tunnel and Gabarband Intake Tunnel are scheduled to be completed
approximately seven months and two years respectively ahead of the Power Waterway filling. The
Lower Spat Gah Headworks are scheduled to be completed about four months ahead of the Power
Waterway filling. The Lower Gabarband Intake works will be completed seven months before the
filling of the Power Waterway. However, the Lower Gabarband flushing channel, intake, desander
and forebay are completed about twelve months before filling of the Power Waterway. If spillway
works are not completed at the time of waterway filling, then the water could already be diverted
into the Lower Gabarband Intake tunnel while the spillway construction is still ongoing.

However should there be any delay for the access roads, Headrace Tunnel, or Lower Spat Gah
Headworks, then the critical path also could be for any of those structures.
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21 Cost Estimate

21.1 General

The cost estimate is provided for the following main components:

 Direct costs comprising:

o Access roads: All permanent access roads to the site and within the Project area
including bridges as well as selected temporary construction access roads and
bridges,

o Site installations: Costs for preparatory works and construction of office space,
camp, workshops, batching and crushing plants, spoil areas, quarries, other
temporary construction roads, etc. are summarised under this item,

o Civil works: The cost estimate for the civil works of all permanent structures is
covered within this block,

o Hydro-mechanical equipment: All hydro-mechanical equipment like gates, lifting
equipment, stoplogs and trash rack inclusive embedded parts as well as the
Headrace Tunnel and shaft steel liner are summarised under this item,

o Electro-mechanical equipment: This item summarises the costs for all generating
equipment like turbines, generators, main inlet valves, control equipment,
transformers and switchgear, inclusive mechanical and electrical BoP in the
Powerhouse as well as the GIS in the cavern and high-voltage cable in the tunnel
and to the Connection Switchyard.

o Grid connection: This item contains miscellaneous equipment for the Connection
Switchyard, with the final cost allocation of the Connection Switchyard to be
agreed with NTDC. The 765 kV transmission line is assumed to be paid by NTDC.

 Indirect costs comprising:

o Project development costs: technical management costs pre-construction and
Project administration costs after Financial Close,

o Engineering & supervision: design review and site supervision services,

o Financing and lender’s fees: debt related financing fees,

o Legal cost: fees for legal consultants and government fees,

o Land acquisition & resettlement and environment: costs for purchase of land,
relocation, and other environmental costs,

o Insurance during construction: insurance premium during construction,

o O&M mobilisation: costs for power plant operation team before commissioning,

o Customs duties: customs on imported machinery,

o Interest During Construction (IDC).

Note: VAT and other tax applicable in Pakistan, with the exception of sales tax, to be paid by the
Contractors are included in the respective unit prices. Customs clearance/ duties have been taken
into account separately in discussion with the Client.

Contingency provisions are included in each item, i.e. Lower Spat Gah Headworks, Lower
Gabarband Intake, tunnels, Powerhouse, E&M, etc., as appropriate.

January 2022 has been applied as the reference date for the cost estimate of the Lower Spat Gah
Project.

21.2 Unit Prices

The civil works are divided into the following main categories with respective pay items. The
presented unit prices are based on current hydro IPP market construction costs in Pakistan.
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Figure 21-1 indicates the percentage of the respective works on the overall estimated price of the
civil works package without contingencies. The estimated costs for backfill (1.0%), O&M staff
colony (1.0%), rockfill dam (1.1%), grouting works and cut-off walls (1.5%) , GRP pipe (1.7%),
surface excavation support (1.8%), and surface excavation (6.6%) only represent a small share
of costs. On the other hand the costs for preliminary works and camp (8.8%), underground
support (9.6%), underground excavation (13.1%), surface concrete works (26.2%), and tunnel
and cavern lining (26.3%) represent about 84% of the overall civil works costs.

It should be noted that the site installation costs are included in the unit prices of the major items
of plant.

Figure 21-1: Percentage of specific works within the civil works (without contingencies)

21.3 Direct Costs

21.3.1 Infrastructure, Access Roads and Site Installations

Before the Civil Works Contractor arrives on site several pre-construction works are required to
be completed.

 Access Roads

The new bridge over the Indus River as well as the new access roads to the Powerhouse
portal, Upper Erection and Gate Chamber, Lower Spat Gah Headworks and Gabarband
Crossing will have to be constructed as part of the Early Works. The road from Dasu will
only be used for the access road construction and is not included in the cost estimate.
The cost are estimated based on current market conditions in Pakistan.

 Site Installations

The costs for site installations are included in the price of major items and have therefore
not been estimated separately.

21.3.2 Civil Works

The civil works cost estimate comprises the following main cost items:

 Lower Spat Gah Headworks

The governing cost items for the dam are the excavation, clay, filter and rockfill as well
as the cut-off wall. The governing cost items for the flushing channel structure, intake
and desander are the structural concrete and reinforcement.

The desander concrete and reinforcement are the largest cost of the Lower Spat Gah
Headworks and is a result of the maximised peaking volume in the reservoir. This leads
to a high dam and large desander volumes. The low MOL has been assumed because no
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confirmation regarding a minimum peaking output was available from PEDO and a
conservative design has been selected at this stage. The provided reservoir storage for
peaking may be optimised after a clear statement from the regulating agency regarding
peaking requirements for the Lower Spat Gah Project.

 Lower Gabarband Intake

The governing cost items for the weir, intake and desander are the structural concrete
and reinforcement.

 Waterway

The most relevant unit rates for the waterway are excavation, rock support and lining.
The quantity of excavation material may be determined without major uncertainties based
on the tunnels’ cross sections and the proposed rock class distributions.

The cost estimate of rock support is based on two to six predefined rock support classes
as a result of the geological investigations with a respective forecast for the distribution
and the length of the considered section of tunnels.

For the Headrace Tunnel a systematic concrete lining is applied except for the crossing
section where a steel lining is required. The Pressure Shaft and High Pressure Tunnel will
be fully steel lined. In the Tailrace Tunnel a systematic concrete lining is again applied.

 Powerhouse and Transformer Caverns

The most relevant unit rates for the Powerhouse and Transformer Caverns are excavation
and concrete works. A different unit prices for excavation and structural concrete as for
the tunnels have been used.

21.3.3 Hydro-Mechanical Equipment

The cost estimate for hydro-mechanical equipment is based on the mass of steel used for the
respective equipment. The mass of steel to be used for the different sections of the works has
been estimated based on the civil drawings and using empirical formulae. The price is based on
cost estimates from hydro-mechanical suppliers.

A unit price of 6,900 to 28,900 USD per ton of steel for the main gates and 9,200 to 15,500 USD
per ton of steel for stoplogs was applied. For the waterway steel lining 6,823 USD per ton of steel
have been considered while a unit price of 2,675 USD per meter of pipe has been considered for
the GRP pipe. The cost estimates include embedded parts, the hydraulic and control equipment,
detailed design, supply, manufacturing and installation as well as corrosion protection and
provision of basic spare parts.

The cost of the trash rack cleaning machines is estimated to 949,000 USD and 858,000 USD,
based on prices from similar trash rack cleaning machines. A gantry crane estimated at 613,000
USD is foreseen for the Lower Spat Gah flushing channels. The butterfly valve and the bridge
crane in the upper chamber have been estimated at 2.8 million USD and 135,086 USD. The
butterfly valve at the downstream end of the Gabarband Intake Tunnel has been estimated to
209,345 USD.

21.3.4 Electro-Mechanical Equipment

The cost estimate for the generating equipment used for this Feasibility Study is based on
budgetary proposals by several recognised international Suppliers. For the budgetary proposals a
detailed scope of works for the mechanical and electrical equipment and the 220 kV GIS has been
established comprising the design, manufacturing, transport and commissioning of the equipment
as listed in Annex 2 in this volume and further documented in Volume 12 - Project Schedule and
Cost Estimate. The costs for the 220 kV cable are based on similar projects in Pakistan.

21.3.5 Transmission Line and Connection to Grid

The cost estimate for the Project 11kV transmission lines are based on similar projects in Pakistan
and the Consultant’s database. A lump sum of 1.95 million USD has been assumed for



Feasibility Study
Volume 1: Main Report

Page 267

Lower Spat Gah Hydropower Project
127000588-002

04 November 2022, Final

copyright©AFRY

miscellaneous equipment at the Connection Switchyard, for which adjustments might be needed
depending on the NTDC’s input for the transmission line studies.

The unit rate for the 11 kV project transmission lines of 143,500 USD/km in the tunnels and
37,200 USD/km are based on transmission line costs of similar projects in Pakistan, and amounts
to total costs of about 2.0 million USD.

The 765 kV transmission line between the Connection Switchyard and the 765 kV Dasu-Mansehra
transmission line is assumed to be paid by NTDC.

21.3.6 Design Studies and Field Investigations

A provision of 15 million USD has been made in the direct costs for the Basic Design and Detailed
Design as well as for the geological and hydrological investigations.

21.3.7 Risks and Contingencies

In comparison to the Alternative & Optimisation Study documented in Volume 6, the contingencies
have been reduced based as per Client’s instruction because risks/uncertainties could be
decreased significantly, mostly regarding quantities but to a certain extent also regarding pricing
and design. In Table 21-1 the contingencies for the Feasibility Study in comparison to the previous
phase are displayed.

Table 21-1: Contingencies applied in Alternatives & Optimisation Study and Feasibility Study

Item Alternative & Optimisation Study Feasibility Study

Underground works 25% 5%

Civil works 20% 5%

Hydro-mechanical works 20% 2.5%

Electro-mechanical works 20% 2.5%

21.4 Indirect Costs

Indirect costs include allowances for:

 Project development costs,

 Engineering & supervision,

 Financing and lender’s fees,

 Legal cost,

 Land acquisition & resettlement as well as environment,

 Insurance during construction,

 O&M mobilisation,

 Customs duties,

 Interest During Construction (IDC).

These indirect costs were applied as certain percentages of the direct costs based on benchmarks
of other ongoing hydropower projects in Pakistan.

21.4.1 Project Development Costs

An allowance of 4.7% of the direct costs has been applied for the costs associated with
development of the Project including previous engineering phases, environmental and social
studies, legal and financial support etc. This cost item also includes the Client’s costs and efforts
incurring throughout the construction of the Project.
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21.4.2 Engineering & Supervision

An allowance of 4.3% of the direct costs has been applied for the costs associated with the
engineering and supervision services during the pre-construction and construction phases. This
includes previous engineering phases, tender engineering service, construction supervision etc.
The costs for Basic Design and Detailed Design services are included as an item in the direct costs
together with the field investigations.

21.4.3 Legal Costs

An allowance of 0.33% of the direct costs has been applied for the costs associated with the fees
of the legal consultant and government fees required to be paid at various stages during the
Project implementation.

21.4.4 Insurance During Construction

An allowance of 3.01% of the direct costs has been applied to cover the insurance costs during
construction. This percentage is slightly higher than NEPRA approvals, but recent precedents
indicate that the actual costs are higher than NEPRA approvals. This number may be revised upon
receipt on firm EPC quotes and negotiations with insurance providers.

21.4.5 Financing/Lender’s Fees

An allowance of 2.5% of the base loan amount (loan excluding IDC and financing charges) has
been applied for the costs associated with the financing fees. These debt related financing fees
include items such as lender’s upfront fee, arrangement fee, working fee, commitment fee and
various other fees related to the financing.

While NEPRA allows a maximum of 2% of the base loan amount, the feedback from several
international banks was that recently it is difficult to procure large-scale financial resources at the
2% level. Therefore 2.5% is reflected as a compromise between bank’s estimates and NEPRA
allowance.

An additional allowance of 0.95% of the direct costs has been applied for agency and advisory
costs, which includes costs associated with the security trustee, intercreditor agent, legal and
financial advisors of both company and lenders.

21.4.6 Environmental and Social Impact Cost

The costs associated with the land acquisition and resettlement have been estimated by Hagler
Bailly as part of the Environmental and Social Impact Assessment detailed in Volume 11, and
amount to 7.8 million USD.

The costs for mitigation and other environmental and social management measures have been
estimated as part of the Environmental and Social Impact Assessment detailed in Volume 11 for
the construction and operation phase. It includes all environmental and social monitoring and
implementations such as the biodiversity action plan, stakeholder engagement plan and other
environmental and social management measures. The costs for the one time capital, construction
duration and operation phase amount to 9.6 million USD.

21.4.7 O&M Mobilisation

An allowance of 0.57% of the direct costs has been applied for the costs associated with the
mobilisation of the operation and maintenance team. This item covers the costs associated with
the operator prior to the Commercial Operation Date (COD) for services such as operational design
review, review of O&M manuals, witnessing of testing and commissioning.

21.4.8 Customs Duties

The relevant rules regarding customs duty on renewable energy power projects requires
renewable energy projects to pay custom duty on the import of plant and machinery not
manufactured locally. A custom duty at the rate of 5% as allowed by NEPRA and as well as
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infrastructure cess at the rate of 1.15% have been included, while sales tax is excluded. They
have been applied on the off-shore part of the equipment which includes the electro-mechanical
and hydro-mechanical equipment.

21.4.9 Interest During Construction

The Interest During Construction (IDC) represents the cost of financing the funds for the Project.
It is based on the distribution of costs over the Project implementation phase, the duration of the
construction activities and the annual interest rate for the funds.

The equity and loan drawdown pattern for the construction of the Lower Spat Gah Project foresees
the use of equity for the works executed before Financial Close. The pattern also indicates a
construction activity duration of 5 years after Financial Close. The annual interest rate has been
provided by the Client and has been set at the LIBOR value of 0.34% per early January 2022 plus
4.6%.

With a debt ratio of 75% and the assumed disbursement schedule, the interest during construction
amounts to 10.7%.

21.5 Disbursement Schedule

The disbursement schedule represents the distribution of costs over time. The distribution of
Project costs over the Project implementation phase is relevant for the estimate of the financing
costs of the Project. Generally payments in an early phase of the implementation are unfavourable
compared to payments occurring at a later stage because of the interest rate on the loan for debt
financing and rate of return for equity financing.

The equity and loan drawdown pattern for the construction period has been included in the
financial analysis and is shown in Figure 21-2. The blue bars indicate the annual equity payments
and the orange bars the annual debt payments. It can be noted that the pre Financial Close the
first three years will be covered by equity and that debt will only incur during the construction
works in months 31 to 90. The grey line displays the cumulative distribution of the incurring costs.
According to the payment distribution the cumulative payments of the Early Works are 12%.

Figure 21-2: Preliminary disbursement schedule for Lower Spat Gah Project

21.6 Costs for Operation and Maintenance

Operation and Maintenance (O&M) costs comprise the total annual expenditure incurring during
the operation of the Project. O&M costs are split into:
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 Fixed O&M costs: Fixed operating expenses related to the type and size of the plant
only, but not related to the output.

 Variable O&M costs: Expenses depending on the output of the plant.

For hydropower plants the variable O&M costs are rather small compared to the fixed
O&M costs. O&M costs typically include cost components for regular operation and
maintenance, overhauls, staff, management, and administration and insurance and fees.

The estimate of the O&M costs includes the following cost items:

 Cost of Operation and Maintenance

These are the costs related to the annual investment to be taken to keep the plant in
operation. Spare parts of the E&M equipment as well as bigger overhauling of the civil
and hydro-mechanical structures are not included.

 Cost of Staff

This cost item considers the staff at site being responsible for the operation and
maintenance of the plant.

 Costs for Management and Administration

This cost item comprises the staff and environment needed for the operation of the plant.
In general, this item considers the head office, including management, financial, invoicing
and staff required to deal with the authorities.

 Insurance

This cost item covers the insurance during the operation of the plant.

 Minor and Major Overhauls

This cost reflects the annual expenditures based on the scheduled maintenance and major
overhauls of turbines, generators and civil structures over the concession period.

The selection of the E&M equipment manufacturer as well as the selection of the civil Contractor
may have a significant impact on the annual costs for O&M as lower costs are expected for
equipment from Western and well-established suppliers.

The annual O&M costs assumed in the financial model were provided and amount to 35,800
USD/MW. With an Installed Capacity of 470 MW the annual O&M costs are 16.83 million USD. The
variable portion has been set to 0.1006 US Cent/kWh and amount to 1.94 million USD of annual
costs, which corresponds to about 12% of the total O&M costs.

21.7 Cost Estimate

The summary table of the direct cost estimate for the Lower Spat Gah Hydropower Project is
displayed in Table 21-2. The detailed cost estimate is attached as Annex 2 in this volume and
more information can also be found in Volume 12 – Project Schedule and Cost Estimate.
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Table 21-2: Summary of direct cost estimate for Lower Spat Gah Project

Figure 21-3 indicates the percentage of the respective works on the overall estimated price of the
direct costs.

Figure 21-3: Percentage of cost allocation of all works

The uncertainties in cost estimates can have various causes, which are not under the control of
the Consultant at this point. Based on the Consultant’s experience, cost overruns are often caused
by the following reasons:

 Changes in the quantities,

 Differences in unit rates,

 Variations and claims during construction,

 Time overrun (Interest During Construction).

Direct Cost Estimate Summary of Lower Spat Gah Hydropower Project
FCC

AMOUNT
(PKR)

AMOUNT
(Eq. USD)

AMOUNT
(USD)

A INFRASTRUCTURE & ROADS WORKS 16,698,142,171 93,678,217 93,678,217
B CIVIL WORKS 65,335,460,022 366,538,345 38,423,402 404,961,747

11 Lower Spat Gah Headworks 24,919,702,667 139,801,978 1,693,267 141,495,245
12 Lower Gabarband Intake 1,667,802,081 9,356,533 168,506 9,525,039
13 Power Waterway 27,143,803,283 152,279,401 11,332,568 163,611,969
14 Gabarband Crossing 603,950,230 3,388,220 54,804 3,443,024
15 Tailrace Outlet Structrure 312,814,808 1,754,922 112,327 1,867,249
16 Powerhouse and Transformer Caverns incl. Access Tunnels 7,748,969,823 43,472,481 2,879,569 46,352,050
17 Connection Switchyard Civil Works 105,000,000 589,060 589,060
18 O&M Staff Colony 713,000,000 4,000,000 4,000,000
19 EPC Contractor Preliminary Works and Camp Establishment Cost 2,120,417,129 11,895,748 22,182,362 34,078,110

C + D HYDROMECHANICAL & ELECTRO-MECHANICAL EQUIPMENT 299,466,920 299,466,920
21 HM Lower Spat Gah Headworks 22,555,605 22,555,605
22 HM Lower Gabarband Intake 1,399,032 1,399,032
23 HM Power Waterway 32,809,884 32,809,884
31 Mechanical Equipment Powerhouse 83,674,535 83,674,535
32 Electrical Equipment Powerhouse 114,209,664 114,209,664
33 Switchyard/GIS 18,688,313 18,688,313
34 Auxiliary Supply Equipment Portal/Access Area 3,156,289 3,156,289
35 Auxiliary Supply Equipment Upper Erection Chamber/Surge Tank 161,238 161,238
36 Auxiliary Supply Equipment Lower Spat Gah Headworks 1,088,294 1,088,294
37 Auxiliary Supply Equipment Lower Gabarband Intake 2,132,772 2,132,772

Delivery Cost Insurance Freight of HM & E&M Works 19,591,294 19,591,294
E DESIGN STUDIES AND FIELD INVESTIGATIONS 15,000,000 15,000,000
F SITE SECURITY COST 289,872,604 1,626,214 1,626,214

Site Security Cost: 0.2% of EPC 289,872,604 1,626,214 1,626,214

TOTAL EPC COST 82,323,474,797 461,842,776 352,890,322 814,733,097

No. DESCRIPTION TOTAL AMOUNT
LCC + FCC

(USD)

LCC
ESTIMATE

Infrastructure &
Preparatory Works

Civil Work
Hydromechanical

Equipment

Electro-Mechnical
Equipment

Design Studies and
Field Investigations

Site Security

11.5%

49.7%7.5%

29.3%

1.8%
0.2%
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Changes in the quantities can be caused by:

 Insufficient resources allocated to the Consultant to produce a tender design and a set of
tender documents minimising risks,

 Design changes during the Detailed Design phase,

 Requests by the Client,

 Requests by authorities,

 Materialisation of risks (e.g. geological, flood risks), often combined with claims and time
overrun.

Differences in unit rates can have various reasons:

 Contractor has other basis for his price calculation :

o Contract conditions and risk provision,

o General market conditions and economic situation in country/region, which might
lead to price dumping (e.g. during crises) or excessive prices in overheated
markets,

o Order book and order stock of Contractors,

o Perceived risks borne by the Contractor(s),

o Owner’s financial credit.

 Price fluctuation of commodities, e.g. steel, cement, energy (fuel):

o Price difference between time of preparation of cost estimate and tendering,

o Increase of prices during construction due to price escalation clauses,

 Speculative prices and other interests of the Contractor (e.g. market entry),

 A professional claim management (by the Client) during construction is in any case
recommended for such type of Project. Possible claims cannot be predicted at the time of
preparation of the cost estimate.

Uncertainties and risks are considered in the provision of contingencies. The impact of a cost
overrun exceeding the contingency provision is considered as a case in the sensitivity analysis.
However, it is recommended that the final investment decision should be based on binding offers
for all works.
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22 Financial Analysis

22.1 General

This chapter discusses the financial analysis for the Lower Spat Gah Hydropower Project. The
analysis is carried out in US Dollars (USD). January 2022 has been applied as the reference date
for the cost estimate of the Lower Spat Gah Project. Thus an exchange rate of 178.25 Pakistani
Rupees per 1 USD as per 01 January 2022 has been assumed by the Client for the analyses. The
period of the analysis spans the construction period of 7.5 years and the concession period of 30
years. All costs and benefits are compared and the Net Present Values of the cost and benefit
flows are discounted.

The financial analysis indicates the attractiveness of the Project for an investor, analysing the
cash flow from an investor’s point of view. The Client has provided the financial model which AFRY
has been using for the financial analysis.

A sensitivity analysis has been carried out on the key figures of the financial analysis to determine
the robustness of the economics of the Project by varying the main input parameters and
determining the impact on the financial key indicators of the Project.

22.2 Input Parameters

The main input parameters for the economic and financial analysis are the overall Project costs
including indirect costs and other capital costs occurring in the concession period, the annual
operation and maintenance costs (OPEX) and the revenues being based on the average yearly
energy generation and the preliminarily agreed on energy tariff.

22.2.1 Capital Cost

The overall Project costs are based on capital costs for direct and indirect construction costs and
the cost of capital lying idle during the time which the Project earns no revenue.

22.2.1.1 Construction Costs

The Project cost estimation which has been elaborated in Chapter 21 is used for the economic
and financial analysis. It is defined as the Base Case cost scenario considering 100% of the
construction costs (including contingencies). As part of the sensitivity analysis, the impact of
varied capital costs is investigated.

22.2.1.2 Non-EPC Costs

The indirect costs which have been elaborated in Chapter 21.4 are used for the economic and
financial analysis and are summarised in Table 22-1.
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Table 22-1: Summary of indirect costs for Lower Spat Gah Project

Indirect Cost Item Costs
(million USD)

Lenders fees 18.0

Agency & advisory costs 7.8

Engineering & supervision 35.0

Land acquisition & resettlement 7.8

Insurance during Construction 24.8

O&M mobilization 4.6

Customs duties & taxes 16.6

Project development cost 39.0

Environment 9.6

Legal costs 2.7

Total 165.6

22.2.1.3 Construction Schedule and Disbursement Schedule

The construction schedule indicates a construction time of 7.5 years including Early Works
(Chapter 20). After the construction period the plant will be up and running at its full capacity.
The disbursement schedule indicates the distribution of costs over time and is presented in
Chapter 21.5.

22.2.1.4 Interest During Construction

For the economic analysis Interest During Construction (IDC) has been considered. IDC is defined
as the amount of interest arising on the expenses incurred for setting-up and building a Project
to determine the total financial requirements. It covers the cost of capital lying idle during the
time in which the Project earns no revenue.

Interest on the debt capital during construction is capitalised up to the time when the Project
becomes revenue-earning. The capitalised interest is added to the capital required for building
the scheme.

22.2.2 Operational and Maintenance Costs

Operation and maintenance costs comprise the total annual expenses occurring during the
operation of the Project (Chapter 21.6). No price escalation has been considered in the financial
model.

Table 22-2: Operation and maintenance costs

O&M Costs Item Annual Cost
(million USD)

Fixed cost 14.89

Variable cost 1.94

Total 16.83

22.2.3 Energy Generation

The energy simulation has been conducted according to Chapter 10. The mean annual net saleable
energy for the base case is 1,925.5 GWh. The energy output is as measured at the Connection
Switchyard and includes the plant losses as well as the production losses.
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Any potential reduction in energy generation due to minor and major overhauls has been included
in the O&M costs.

22.2.4 Energy Tariff

According to the Power Generation Policy 2015 by the Government of Pakistan, the energy tariff
comprises the Energy Purchase Price (EPP) and the Capacity Purchase Price (CPP) as shown in
Figure 22-1.

The Energy Purchase Price includes the water use charge as well as the variable O&M component
and is expressed in Rupees per kWh. According to the Power Generation Policy 2015 by the
Government of Pakistan, a water use charge of 0.425 Rupees/kWh has to be paid to the province.

The Capacity Purchase Price includes the fixed O&M, insurance, return on equity including return
on equity during construction, debt servicing and the cost of the working capital and is expressed
in Rupees per kW.

Figure 22-1: Components of energy tariff

22.2.5 Input Parameters for the Financial Analysis

The financial model prepared for Lower Spat Gah Project is based on a project financing approach.
The project financing structure involves an equity investor (sponsor) and lending institutions
providing loans. The non-recursive loans are paid entirely from the project cash flow, rather than
from the other assets or credit worthiness of the project sponsors. The financing is secured by
the project assets, including the off-take contracts (if any). The parameters of the financial model
have been given by the Client together with the model. An equity IRR of 17% has been assumed
as granted for hydropower project by NEPRA.

Table 22-3: Parameters for financial model

Financial Parameters

Operation period 30 years from COD

Equity / debt ratio 25% / 75%

Discount rate NPV 10.0%

Interest on loan 4.9%

Price inflation 0%

Loan maturity 12 years

Depreciation period (=operation period) 30 years

Equity IRR 17%

Exchange rate USD/PKR 1 USD = 178.25 PKR
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22.3 Financial Analysis

22.3.1 Introduction

The financial analysis evaluates the Project’s profitability from the investor’s perspective, as well
as the ability to pay its obligation to creditors. Compared to an economic analysis, additional
information relevant to the Project sponsor and financing structure as well as depreciation are
applied to the cash flow model for the financial evaluation of a Project.

The results of the financial analysis are indicators measuring the profitability of the investment,
and the ability to produce enough cash for debt servicing (interest and loan payments) and other
obligations (liquidity or solvency of the Project).

The profitability of the Project from the investor’s point of view is measured by the following
financial indicators:

 Return on Equity (ROE) shows how well the investment of the sponsors is used to
generate profits.

 Internal Rate of Return (IRR) measuring the profitability of an investment The IRR is
determined based on the financial cash-flow on equity.

 Payback Period is the time required to earn the funds spent for the Project (to reach
break-even), without taking into account the time value of money.

The liquidity (solvency) of the Project analyses the credit quality of the Project from a lender’s
perspective. It is analysed by the financial indicators DSCR and LLCR, ratios measuring the ability
to pay the obligations to the creditors from the cash flow generated by the Project. The ratios
used measure the ability of the Project to produce enough cash for debt services (to pay the
obligations to the creditors):

 Debt Service Coverage Ratio (DSCR) is the ratio of net operating income and the debt
services of a period.

 Loan Life Coverage Ratio (LLCR) is defined as the ratio of the net present value of the
cash flow available for debt services (measured until the maturity of the debt tranche)
and the outstanding debt in the period.

The financial model determines the tariff required to achieve an equity IRR of 17%. The model
indicates the corresponding energy tariffs for the debt repayment tenure in years 1-12, the energy
tariff in the remaining concession period in years 13-30 as well as the levelized tariff over the
complete concession period.

22.3.2 Results

The results of the financial cash-flow analysis are indicators measuring the attractiveness and the
credit quality (solvency/liquidity) of the Project.

The model assumption sheets of the financial analysis including the key Project indicators are
attached as Annex 3 in this volume. The profitability indicators in Table 22-4 and Table 22-5 as
well as the energy tariffs in Table 22-6are obtained as a result of the financial analysis.

Table 22-4: Main indicators of financial cash-flow analysis

Key Financial Figures

Return on Equity (ROE) 17.0%

Equity NPV 256.1 million USD

Equity payback period 3.4 years of operation

Project IRR 9.6%

Project NPV 111.5 million USD

Project payback period 6.8 years of operation
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Table 22-5: Credit quality indicators

Key Financial Figures Minimum

Debt Service Coverage Ratio (DSCR ) 1.77

Loan Life Coverage Ratio (LLCR) 1.87

The two ratios DSCR and LLCR indicating the credit quality of the Project are bigger than one for
the whole loan period. This indicates that enough cash is available for the debt services and no
restructuring of the financial arrangement is required (e.g. increase of the equity portion of the
investment).

Table 22-6: Energy tariffs

Key Financial Figures

Energy tariff
Year 1-12:  9.87 US cent/kWh
Year 13-30:  5.31 US cent/kWh
Levelized: 8.61 US cent/kWh

Energy tariff
Year 1-12:  17.60 PKR/kWh
Year 13-30:  9.47 PKR/kWh
Levelized: 15.35 PKR/kWh

22.4 Sensitivity Analysis

22.4.1 Introduction

In order to determine the Project’s robustness towards hydrological variability, construction costs
variability, or OPEX costs, several sensitivity analyses are performed as implemented in the
financial model. The sensitivity analysis focuses on the levelized tariff.

For the sensitivity analysis the following input parameters of the financial model are modified:

 Annual energy production due to hydrological variability (inflow),

 Annual energy generation due to head loss variability,

 Construction costs,

 OPEX costs.

22.4.2 Hydrological Variability

The average annual energy production increases in case of favourable hydrological conditions and
vice versa. Therefore the base case assumption of the mean natural inflow is varied by ±10% and
the resulting variation of the levelized energy tariff.

Table 22-7: Sensitivity analysis on varied inflow conditions with tariff adjustment

Scenario Net Saleable Energy
(GWh)

Levelized Energy Tariff
(US cent/kWh)

Levelized Energy Tariff
(PKR/kWh)

Inflow +10% 2,118 7.85 13.99

Base case 1,925 8.61 15.35

Inflow -10% 1,733 9.54 17.00

22.4.3 Head Loss Variability

The average energy production decreases with an aging Power Waterway and its associated higher
head losses. The impact of the head loss conditions along the Power Waterway is addressed
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through a sensitivity analysis of the form loss by varying the roughness of the waterway. The
assumed roughness values for the head loss calculation and the resulting head losses for the new
and old conditions are described in Chapter 13.12.3. An average scenario with a roughness of
1 mm for concrete and 0.1 mm for steel was also simulated for the sensitivity analysis.

Table 22-8: Sensitivity analysis on varied head loss conditions with tariff adjustment

Scenario
Net Saleable

Energy
(GWh)

Levelized Energy
Tariff

(US cent/kWh)

Levelized Energy
Tariff

(PKR/kWh)

New conditions (base case) 1,925 8.61 15.35

Average 1,921 8.63 15.38

Old conditions 1,915 8.66 15.43

22.4.4 Variability Construction Cost

Escalating construction costs lead to a decreased profitability of the Project. The impact of a 10%
cost increase and decrease of the total costs on the energy tariff is therefore investigated in the
sensitivity analysis.

Table 22-9: Sensitivity analysis on construction costs with tariff adjustment

Scenario Direct Costs
(million USD)

Levelized Energy
Tariff

(US cent/kWh)

Levelized Energy
Tariff

(PKR/kWh)

Increased costs (+10%) 894.2 9.35 16.66

Base case 814.7 8.61 15.35

Decreased costs (-10%) 733.3 7.87 14.03

22.4.5 Variability OPEX Costs

An increase in the operation and maintenance costs has impacts on the Project’s profitability. The
impact of a 10% increase and decrease of the OPEX costs on the energy tariff is therefore
investigated in the sensitivity analysis.

Table 22-10: Sensitivity analysis on OPEX costs with tariff adjustment

Scenario OPEX Costs
(million USD)

Levelized Energy
Tariff

(US cent/kWh)

Levelized Energy
Tariff

(PKR/kWh)

Increased OPEX (+10%) 18.30 8.68 15.46

Base case 16.83 8.61 15.35

Decreased OPEX (-10%) 15.32 8.54 15.22

22.4.6 Combined Variabilities

The combined sensitivity of the levelized energy tariff in US cent/kWh based on the construction
costs and net saleable energy available and an equity IRR of 17% is displayed in Table 22-11.
The combined sensitivity of the equity IRR without a tariff adjustment based on the construction
and OPEX costs is displayed in Table 22-12.
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Table 22-11: Sensitivity on construction costs and annual energy with tariff adjustment

Table 22-12: Sensitivity on construction costs and OPEX costs with tariff adjustment

22.4.7 Lower Gabarband Intake

The Alternatives Study in Volume 6 documents the economic assessment of various diversion
discharges at the Lower Gabarband Intake including no diversion considering the Lower Spat Gah
Project as stand-alone or within a cascade. The results showed that for the stand-alone Lower
Spat Gah Project, having a diversion at the Gabarband River has a higher IRR than not having a
Lower Gabarband weir and Gabarband Intake Tunnel. It was therefore recommended to divert
water at the Gabarband as long as the Lower Spat Gah Project will be operated as a stand-alone
scheme for at least a few years. A diversion discharge of 10 m3/s has been selected for the
Feasibility Study design.

The more detailed cost estimate from this Feasibility Study based on the drawings showed much
higher costs than previously estimated on preliminary quantities when the diversion discharge
was determined. A sensitivity analysis was therefore conducted to determine the economic
viability of the diversion in comparison to the no diversion case.

Based on the design and cost estimate of the Lower Gabarband Intake and Gabarband Intake
Tunnel as and considering a lateral intake at the Lower Gabarband Intake, the civil cost of the
Lower Gabarband Intake and Gabarband Intake Tunnel structures are estimated to be
28.6 million USD including contingencies and the hydro-mechanical and transmission costs are
estimated to be 4.1 million USD including contingencies.

The energy simulation of the Feasibility Study with a diversion design discharge of 10 m3/s at the
Lower Gabarband Intake resulted in an average annual energy of 1,925 GWh and 1,931 GWh for
the stand-alone operation and cascade operation of the Project, respectively. The energy
simulation was also carried out assuming that no water is diverted from the Gabarband River,
resulting in an average annual energy generation of 1,744 GWh and 1,825 GWh for the stand-
alone operation and cascade operation of the Project, respectively.

The financial model has been run with the construction cost and energy generation input and the
results for the 17% equity IRR are shown in Table 22-13. The resulting levelized tariff of the

110% 105% 100% 95% 90%
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stand-alone operation without a Lower Gabarband diversion at 9.02 US cent/kWh is higher than
the layout with a diversion (levelized tariff 8.61 US cent/kWh) due to the 9% decrease of energy
generation compared to 6% cost decrease. If the Lower Spat Gah scheme is operated as part of
the cascade, the impact of the Lower Gabarband Intake is much smaller and not having a diversion
results in a 0.3% decrease of energy while reducing the costs by 6%. As a result the levelized
energy tariff at 8.19 US cent/kWh is lower than the layout with a diversion (levelized tariff 8.61
US cent/kWh). To the Consultant’s knowledge there is currently no progress on the upper Spat
Gah cascade projects and it is therefore likely that the Lower Spat Gah Project will be operated
as a stand-alone scheme for at least a few years.

The financial analysis also shows that the direct costs of the layout with the diversion would have
to increase by another 45.4 million USD to reach the levelized energy tariff of 9.02 US cent/kWh
of the stand-alone operation without the diversion.

Table 22-13: Sensitivity of financial parameters to Lower Gabarband intake diversion

Characteristic
With 10 m3/s

Lower Gabarband
Diversion

No Lower
Gabarband
Diversion –
Stand-alone
Operation

No Lower
Gabarband
Diversion –

Cascade
Operation

Total Project costs (million
USD) 1,085.2 1,024.7 1,024.7

Energy generation

Total stand-alone (GWh/yr) 1,925.5 1,743.5

Total cascade (GWh/yr) 1,931.3 1,924.7

Peaking stand-alone
(GWh/yr) 518 (65.5 m3/s) 463 (58.6 m3/s)

Peaking cascade (GWh/yr) 652 (75 m3/s) 652 (75 m3/s)

Financial parameters

Equity NPV (million USD) 256 242 242

Equity payback (years) 3.4 3.4 3.4

Project IRR (%) 9.6 9.6 9.6

Project NPV (million USD) 112 105 105

Project payback (years) 6.8 6.8 6.8

Levelized tariff (US
cent/kWh) 8.61 9.02 8.19

Levelized tariff (PKR/kWh) 15.35 16.08 14.61

22.5 Conclusion

The following conclusions can be made from the financial analysis:

 The cash flows for the base case scenario are adequate to meet the annual payments on
interest and loan paybacks which is a good precondition for the negotiations with the
lenders,

 The sensitivity analysis showed that the net saleable energy due to hydrological variability
has a significant impact on the energy tariff,

 A variation of the head losses in the Power Waterway has a minor impact on the energy
tariff,

 A variation of construction costs has a substantial impact on the energy tariff,
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 The variation of the O&M costs has a minor impact on energy tariff,

 The sensitivity analysis of the Lower Gabarband Intake showed that having a Lower
Gabarband diversion with 10 m3/s is beneficial if the plant is operated as a stand-alone
Project and is not beneficial if the plant is operated within the Spat Gah cascade.
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23 Re-Openers for Final Design & Construction Stage

23.1 General

Tariff for hydropower IPPs is allowed in three stages. Feasibility Stage Tariff is determined based
on the Feasibility Study cost with certain re-openers available at EPC Stage.

EPC Stage Tariff is determined at Financial Close based on firm costs while typical adjustments
are allowed at Commercial Operations Date which includes variation in tunnel (rock type), civil
works costs, resettlement costs, exchange rates, interest rates, changes in assumptions, etc.

23.2 Definition of Re-Openers Verifier

The EPC price includes an estimated amount on the basis of relevant indices, to compensate the
Contractor for (i) changes in cost of civil work on account of cement, steel, fuel and labour, and
(ii) changes in cost of tunnelling works due to geological conditions which shall be allowed and
paid to the Contractor in accordance with the approved NEPRA mechanism and base data provided
in Chapter 23.4.2.1, with the Client being allowed to commensurate adjustment in tariff at
Commercial Operation Date (COD) therefore not included in the EPC cost as claimed in this EPC
stage Tariff Proposal.

This inclusion in the EPC Contract is necessary to allow for financing of this cost and seamless,
uninterrupted construction activities.

23.3 Scope of Items to be included in Re-Opener during Final
Design & Construction Stage

The EPC Contractor would execute the “Works” in accordance with the Project requirements of
the EPC Contract, on a lump sum fixed price – time certain basis with the following re-openers in
the EPC Price at Commercial Operation:

 Changes in prices of cement, steel, labour and fuel,

 Variation in rock type/classification in tunnelling works,

 Withholding taxes on onshore works in excess of seven percent (7%),

 Any sales tax paid by Contractor on invoices issued under EPC Contract in Pakistan/KPK.

The Re-Opener Verifier shall, amongst others, be required to prepare monthly reports up to the
completion of the civil and tunnelling works (the "Re-Opener Reports") in accordance with terms
of reference including an assessment or valuation or payment (provisional or final) of any
reasonable and prudently incurred costs by the Client for such Re-Openers. The Re-Opener
Reports shall be in a form acceptable to the Parties and include all necessary details along with
supporting documents.

23.4 One Time Adjustments Procedure for EPC Re-Opener

23.4.1 General

The Project cost and the reference tariff at EPC stage shall be adjusted for the items (below) at
COD (“One- time Adjustment”).

The reference local civil work costs under the EPC Construction Contract will be adjusted on
account of variation in the price index of construction materials i.e. steel, cement, fuel and labour,
in accordance with the NEPRA mechanism, with details provided in Chapter 23.4.2.1.

The reference tunnel cost shall be adjusted for the variations in cost due to geological conditions
related to tunnelling as verified by Re-Opener Verifier, appointed pursuant to the terms of the
power purchase agreement and NEPRA mechanism. The reference tunnel tables are provided in
Chapter 23.4.2.1.
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Any withholding tax, in excess of seven percent (7%), on onshore works under the EPC
Construction Contract, in Pakistan or KPK, shall be allowed and adjusted in the Project cost and
reference tariff.

No provision has been made for (i) general sales tax or provincial sales tax on the construction
contract and (ii) withholding tax, general sales tax or provincial sales tax on offshore supply
contract. Any variation in the Project cost on account of applicable withholding tax or sales tax on
the construction or offshore supply contract shall be allowed with adjustment in the project cost
and reference tariff.

Actual stamp duty, registration and similar charges paid on the (i) land lease documents in
Pakistan and KPK; and (ii) land security documents, in the form acceptable to the project lenders,
in Pakistan and KPK pursuant to applicable law, shall be adjusted in the project cost and reference
tariff.

Cost of land acquisition and resettlement claimed by the Client will also be adjusted based on
actual incurred cost in accordance with NEPRA mechanism for determination of tariff for
hydropower projects including the costs related to raising or replacement of bridges, relocation of
public infrastructure (electricity poles, roads etc.), tree planting, compensation for loss of
livelihood, households, residential and commercial structures.

This chapters presents the NEPRA mechanism for adjustments in cost of civil works escalation
and tunnelling/underground works due to geological conditions. The other items are not presented
in this Report and will have to be addressed separately in the Tariff Petition.

23.4.2 Adjustments Under NEPRA Mechanism

23.4.2.1 Adjustments in Cost of Civil Works Escalation

The cost of civil works will be adjusted due to variation in the prices/indices of a selected number
of cost elements. The method is set out hereunder for adjusting the Contract Price for changes in
costs for cement, fuel, reinforcement and labour obtained and utilized by the Contractor in
Pakistan.

The changes in costs shall only be adjusted in local currency portion on the basis of "rise and fall"
of the prices of the above specified materials and labour. The formula by which the indexations
are applied is given below:

𝑃𝑛 = 𝑎 + 𝑏 ∙
𝐶𝑛
𝐶𝑜

+ 𝑐 ∙
𝑆𝑛
𝑆𝑜

+ 𝑑 ∙
𝐹𝑛
𝐹𝑜

+ 𝑒 ∙
𝐿𝑛
𝐿𝑜

Where:

"Pn" is the adjustment multiplier to be applied to the estimated contract value attributable to
the civil works, in the relevant currency of the work carried out in period "n", this period being
a month;

"a" is a fixed coefficient equivalent, stated

"b", "c", "d", “e” are coefficients representing the proportion of each cost element related to
the execution of the Work,

"Cn", "Sn", “Fn”, "Ln" are the current cost indices for Cement, Steel, Fuel, and Labour
respectively for month "n", expressed in Pakistani Rupees, each of which is applicable to the
relevant tabulated cost element in the relevant month; and

"Co", "So", “Fo”, " Lo” are the base cost indices for Cement, Steel, Fuel, and Labour respectively,
expressed in Pakistani Rupees, each of which is applicable in the month 28 days prior to
tendering.

For labour (L), the index shall be the wages applicable for the “Construction Wage Rates” of
Consumer Price Index Number by Major Groups and Selected Commodities presently in Table
23-1, of the Monthly Bulletin of Statistics, published by the Pakistan Bureau of Statistics, Statistics
Division, of the Government of Pakistan.
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For cement (C), the cost index shall be the index number applicable to “Cement” as given under
Index Numbers of Wholesales Prices by Commodities - Other Transportable Goods, presently in
Table 23-1, of the Monthly Bulletin of Statistics, published by the Pakistan Bureau of Statistics,
Statistics Division, of the Government of Pakistan.

For fuel (F), the index shall be the index number applicable to “Diesel Oil” as given under Index
Number of Wholesale Prices by Commodities-Other Transportable Goods, presently in Table 23-1,
of the Monthly Bulletin of Statistics, published by the Statistics Division, Pakistan Bureau of
Statistics, of the Government of Pakistan.

For steel (S), the cost index shall be the index number applicable to “Iron Bars & Sheets” as given
under Index Numbers of Wholesales Prices by Commodities-Metal Products, Machinery and
Equipment, presently in Table 23-1, of the Monthly Bulletin of Statistics, published by the
Statistics Division, Pakistan Bureau of Statistics, of the Government of Pakistan.

The reference material cost escalation table as proposed by the EPC Contractor will be as given
in Table 23-1.

Table 23-1: Reference material cost escalation table

Month after
Commence-
ment Date

Amount (PKR) Coefficients

Fixed Cement Steel Fuel Labour Fixed Cement Steel Fuel Labour Total

a b c d e

1
0.60
0.60

0.14
0.11

0.12
0.08

0.08
0.07

0.06
0.14

1.00
1.00

2 0.60 0.14 0.12 0.08 0.06

3 0.60 0.14 0.12 0.08 0.06

- 0.60 0.14 0.12 0.08 0.06

- 0.60 0.14 0.12 0.08 0.06

23.4.2.2 Adjustment in the Cost of Tunnelling/Underground Work due
to Geological Conditions

Subject to the verification of the Re-Opener Verifier, cost variation due to geological conditions
related to tunnelling and underground powerhouse work will be allowed at Commercial Operation
Dates.

The cost of the tunnel and underground cavern work shall be allowed to vary depending on the
category of rock encountered during construction. The increase or decrease in the cost shall be
subject to the baseline conditions given in Table 23-2.

In each month of tunnel and underground powerhouse construction, the actual length of tunnelling
work for each rock type shall be measured. The actual cost of tunnelling work, for each month of
such construction, shall be calculated by multiplying the length of excavation of each rock type
by its corresponding unit rate. The unit rates shall not vary during the construction phase.

On COD, the EPC cost shall be adjusted to reflect the actual cost of the tunnelling work. The
criteria for Category A, B and C is given in Table 23-2.
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Table 23-2: Tunnel – Classification of ground condition

Class  Classification
Value

Length Assumed
(m)

Unit Rate (PKR
/meter Length)

Cost of
Construction (PKR)

I

II

III

IVa

IVb

V
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24 Conclusions and Recommendations

24.1 Conclusions

The Lower Spat Gah Feasibility Study services commenced on 09 September 2020 with the Letter
for Notice of Awarding the Contract. This report along with Volumes 0 and 2 to 14 covers the
Feasibility Study works.

The Lower Spat Gah Project is located in Northern Pakistan and is part of a hydropower cascade
in the Spat Gah and Gabarband valley, which includes the three stages Upper Spat Gah, Middle
Gabarband and Lower Spat Gah. The Project has previously been developed and optimised as
part of that cascade. The status and future development of the upper two stages is unknown at
the time of this study.

The Lower Spat Gah Project is located on the Spat Gah and Gabarband Rivers with the Tailrace
Tunnel Outlet Structure on the Indus River about 4 km south of Dasu town. Water is partly stored
and diverted at the Lower Spat Gah Headworks through the desander into the forebay and
following Headrace Tunnel, Pressure Shaft and High Pressure Tunnel (11.7 km in total) into the
Powerhouse. Additional water (up to 10 m3/s) is diverted at the Lower Gabarband Intake through
the desander into the Gabarband intake Tunnel which connects to the Headrace Tunnel. The water
from the Power Cavern is released to the Indus River through a free-flow Tailrace Tunnel.

The Lower Spat Gah Project is a run-of-river scheme with limited peaking capabilities which uses
the inflow into the reservoirs for diversion and subsequent power generation. The Lower Spat Gah
Headworks and the Lower Gabarband Intake are mainly founded on river sediments and slope
wash while the Power Waterway runs through rock of mainly good quality. The Project is located
in a seismic highly active area.

The energy generation of the Project with a design discharge of 75 m3/s and an Installed Capacity
of 470 MW as measured at the grid connection substation is 1,925 GWh/year if operated as a
stand-alone project and 1,931 GWh/year if operated as part of the cascade. The peaking design
discharge of the stand-alone operation, which has to be expected up to the operation of the
upstream scheme, is 65.5 m3/s with the 90% availability criterion and generates 518 GWh/year
of peaking energy.

The total costs of the Project have been estimated to 980 million USD including contingencies but
without IDC, and 1,085 million USD including IDC.

With an equity IRR of 17% the equity NPV results to 256 million USD while the Project IRR and
NPV are 9.6% and 112 million USD, respectively. The corresponding energy tariff is
9.88 US cent/kWh for years 1-12 and 5.31 US cent/kWh for years 13-30, with a levelized tariff of
8.6 1US cent/kWh.

The sensitivity analysis shows the impact of the varied parameters on the Project’s profitability.
Special attention should be paid if the change in costs can result in a tariff adjustment or not.

24.2 Recommendations

The purpose of the Feasibility Study was to design an economically viable Project based on the
given hydrological, topographical and geological conditions. The following issues need however to
be addressed in the next Project phase:

 Peaking vs. standard run-of-river operation

The Lower Spat Gah Project has been designed with a Full Supply Level and a Minimum
Operating Level in the Lower Spat Gah reservoir to enable as much peaking as possible
as implied by PEDO. It was briefly assessed that this results in very high costs for the
Lower Spat Gah desander in the range of 25% to 35% and slightly lower generated output
of 0.8% in comparison with a pure run-of river project.

Thus, it is recommended to conduct a specific optimisation study and evaluate the costs
and resulting peaking energy for a standard run-of-river project. PEDO has communicated
in a meeting in April 2019 that there are no official peaking requirements. It has however
also been indicated that peaking energy is beneficial for the Project regarding energy
evacuation and energy tariff.
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It is therefore recommended to discuss and agree the Project peaking patterns, cost and
energy with PEDO before further advancing the Project in a next design stage as a more
economic design is feasible for this Project. Depending on the final energy tariff /
operating pattenr, it may be worth investigating the technical feasibility and the economic
viability of an underground desander at the Lower Spat Gah Headworks to further optimize
the Project.

 Tunnel lining

The Headrace Tunnel and Tailrace Tunnel have been designed with reinforced lining over
the entire length at this stage of the Project as the level of information about the rock
mass is not sufficient and the risk to suggest the construction as unlined is perceived as
high.

The Mandraza Amphibolite and the Gabbro along the Headrace Tunnel could however
provide ideal geotechnical characteristics for shotcrete lining or unlined sections in Class I
and II. Shotcrete lining along the Tailrace Tunnel could also be possible depending on the
rock characteristics.

If during the excavation of the Powerhouse and Upper Erection and Gate Chamber access
tunnels and various construction adits the conditions required for the unlined or shotcrete
lined tunnel will be met, then the design could be re-assessed to define sections that could
stay unlined or just shotcrete lined.

 Additional geological investigation

Comprehensive complementary geological investigations have been carried out during
this Feasibility Study and the geological information is based on direct information
including drilling and laboratory and field tests at the Lower Spat Gah Headworks, Lower
Gabarband Intake, Gabarband Crossing and Powerhouse area.

The minimum length of steel required at the Gabarband Crossing will have to be confirmed
during Project execution by means of hydro-fracturing tests performed in situ. It is also
recommended to confirm the proposed location and orientation of the Powerhouse Cavern
using the access tunnels as exploratory adits at the beginning of the construction phase
to locate the Powerhouse in the most suitable geological unit to minimise the rock support,
construction time and the geological risk.

At the current stage of this Project the level of information about the rock mass is not
sufficient and the risk to suggest the construction of the Headrace Tunnel as unlined is
perceived as rather high. Therefore, the selection is made to line the entire length with
reinforced concrete lining. If during the excavation of the Powerhouse and Upper Erection
and Gate Chamber access tunnels and the various construction adits of the Power
Waterway the conditions required for the unlined tunnel will be met, then the design could
be adopted and sections that could stay unlined or just shotcrete lined could be defined
accordingly. The decision must be approved during the excavation process and the final
decision will have to be made after excavation.

As usual in hydropower industry, it is recommended to conduct additional geological
investigation during the Project execution to confirm the final design. The proposed
investigations are listed in Chapter 6.9.

 Rainfall and discharge measurement

The installation of the water level and rainfall gauging stations was completed in April and
May 2021 near the Lower Spat Gah Headworks and Goshali Bridge, respectively. It is
recommended to pursue the ongoing measurements for a minimum of one full
hydrological year at both stations to check the hydrological assumptions with the
conditions in the Project area.

 Sediment sampling

A comprehensive sediment sampling and testing campaign was initiated in September
2020. It is recommended to pursue the ongoing sampling and testing to cover a minimum
of one full hydrological year with particular emphasis on the 2021 high inflow season to
improve the current knowledge and better assess the anticipated turbine life/amount of
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repair and maintenance works during operation, and eventually confirm the adequacy of
the selected design grain size for desander design.

 Topography survey

Comprehensive complementary topography surveys have been performed to confirm the
accuracy of the 2010 detailed terrestrial survey where available and to collect new
information i) at the Gabarband Crossing in order to advance the Headrace Tunnel
crossing design, ii) along the Gabarband valley from the Spat Gah confluence to the
Gabarband Crossing in order to properly design the access road, and iii) along the Spat
Gah River from the Lower Spat Gah Headworks to the Indus River in order to conduct a
dam break analysis as applicable.

As usual in hydropower industry, it is recommended to re-survey the relevant project
sites by the way of a detailed terrestrial survey at the very beginning of the Project
implementation as basis for the final design and construction quantities.

 Residual flow release

The Environmental and Social Impact Assessment has been submitted to the relevant
Pakistani authorities. Different residual flow release scenarios have been presented in the
environmental flow assessment in conjunction with their impact on fish population.

The final decision on the environmental flow will have to be confirmed by KP EPA by
considering the trade-off to power generation and the survival of the species present in
the river. Based on KP EPA’s decision the energy simulations might have to be updated in
the next design phase.

 Location of Lower Gabarband Intake

The selected location of the Lower Gabarband Intake is considered to be most optimal
considering the maximum upsurge water levels, length of Gabarband Intake Tunnel, width
of the valley, scree areas and the upstream village. The actual morphology of the area
and the vegetation cover both indicate that the area is stable and does not anymore
represent a risk for the structures, in contrast to the locations further upstream. It is
however recommended by the Panel of Expert recommended to validate the location in
the next design stage.

 Grid connection, power system and transmission network study

The grid connection point for the purpose of this Feasibility Study has been assumed to
be at the outdoor 220/765kV Connection Switchyard. A solution consisting of a 220 kV
GIS located in the Transformer Cavern and a 220 kV HV cable from the transformer to
the Connection Switchyard located near the Powerhouse portal area, and a 765 kV
transmission line from the switchyard to the 765 kV Dasu - Manshera transmission line
has been selected based on preliminary information from PPI. It is however noted that
such solution is quite expensive and that cheaper solutions may be envisaged in
cooperation with NTDC to optimise the cost borne by both the SPC and NTDC.

A preliminary design of the Connection Switchyard has been prepared by PPI as part of
the transmission line studies and placed near the Powerhouse portals in order to conduct
the transmission line survey. At the time of the final report no feedback has been received
from NTDC regarding the location and design of the Connection Switchyard. It is
recommended to approach NTDC to discuss the exact energy delivery point from which
onwards it will be NTDC’s responsibility and to determine the design and a more proper
cost for the power evacuation and grid connection works.
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Construction Schedule



ID Task Name Duration Start Finish

0 Lower Spat Gah (LSG) 90.67 mons Sun 01/01/23 Wed 12/06/30

1 Project Milestones / Project Planning 19.62 mons Wed 01/11/28 Wed 12/06/30

2 Waterway ready for filling 0 mons Tue 30/10/29 Tue 30/10/29

3 Lower Spat Gah reservoir ready for impounding 0 mons Thu 21/06/29 Thu 21/06/29

4 Lower Gabarband intake ready for diversion 0 mons Wed 01/11/28 Wed 01/11/28

5 Lower Gabarband intake ready for operation 0 mons Fri 23/03/29 Fri 23/03/29

6 Back Energizing 0 mons Mon 01/10/29 Mon 01/10/29

7 1st Synchronization 0 mons Sat 15/12/29 Sat 15/12/29

8 Date of completion 0 mons Sun 28/04/30 Sun 28/04/30

9 COD (Commercial Operation Date) 0 mons Wed 12/06/30 Wed 12/06/30

10 Early Works 36 mons Sun 01/01/23 Mon 15/12/25

11 Bridge across Indus river 5 mons Sun 01/01/23 Tue 30/05/23

12 Powerhouse/tailrace Area 22.5 mons Sun 01/01/23 Tue 05/11/24

13 Access road from main road to Powerhouse access tunnels (L = 570 m) 1 mon Thu 02/03/23 Fri 31/03/23

14 Access road PH adit portal to Indus Bridge (L = 450 m) 1 mon Sat 01/04/23 Sun 30/04/23

15 Access roads from Indus Bridge to Tailrace Outlet Structure (L = 120 m) 1 mon Mon 01/05/23 Tue 30/05/23

16 Access road from junction to Upper Erection and Gate Chamber (L = 3,665 m) 12 mons Sun 01/01/23 Tue 26/12/23

17 Construction road to top of surge shaft access tunnel (L = 3,685 m) 12 mons Sun 12/11/23 Tue 05/11/24

18 Spat Gah Headworks Area 33 mons Sun 01/01/23 Tue 16/09/25

19 Spat Gah access road from main road junction to Dogah (L = 9,235 m) 12 mons Sun 01/01/23 Tue 26/12/23

20 Spat Gah access road from Dogah to Lower Spat Gah headworks (L = 8,370 m + 480 m tunnel) 18 mons Wed 27/12/23 Wed 18/06/25

21 Temporary construction road and bridge across river at Headworks area 3 mons Thu 19/06/25 Tue 16/09/25

22 Gabarband Intake Area 6 mons Wed 27/12/23 Sun 23/06/24

23 Access road from Dogah to Gabarband adit (L = 2,075 m + 90 m bridge + 585 m tunnel) 6 mons Wed 27/12/23 Sun 23/06/24

24 Owner's Engineer's camp (later Operator's Village) 6 mons Mon 01/01/24 Fri 28/06/24

25 Reservoir clearing and grubbing 3 mons Wed 17/09/25 Mon 15/12/25

26 Site Installations of Civil Works Contractor 73.63 mons Mon 01/01/24 Thu 17/01/30

27 Mobilization to site 3 mons Mon 01/01/24 Sat 30/03/24

28 Powerhouse/Tailrace Area 6 mons Wed 31/01/24 Sun 28/07/24

29 Powerhouse/tailrace area: crushing plant, batching plant, grouting plant, steel fabrication yard 4 mons Wed 31/01/24 Wed 29/05/24

30 Powerhouse/tailrace area: preparation of spoil and mucking area 3 mons Sun 31/03/24 Fri 28/06/24

31 Erection of EPC Contractor's main camp 1, office, laboratory, workshop (powerhouse area) 6 mons Wed 31/01/24 Sun 28/07/24

32 Establishment at camp 1: power supply, water supply, fuel supply, waste, wastewater, etc. 4 mons Fri 01/03/24 Fri 28/06/24

33 Lower Gabarband Intake Area 4 mons Mon 24/06/24 Mon 21/10/24

34 Gabarband crossing: crushing plant, batching plant, grouting plant, camp 2 4 mons Mon 24/06/24 Mon 21/10/24

35 Gabarband crossing: preparation of spoil and mucking area 3 mons Mon 24/06/24 Sat 21/09/24

36 Lower Spat Gah Headworks Area 4 mons Sun 22/09/24 Sun 19/01/25

37 Spat Gah headworks: crushing plant, batching plant, grouting plant, camp 3 4 mons Sun 22/09/24 Sun 19/01/25

38 Spat Gah headworks: preparation of spoil and mucking area 3 mons Sun 22/09/24 Fri 20/12/24

39 Erection of hydromechanical steel workshop 5 mons Sun 31/03/24 Tue 27/08/24

40 Demobilization and site clean-up 7 mons Fri 22/06/29 Thu 17/01/30

41 Lower Spat Gah Headworks 45.33 mons Wed 01/10/25 Thu 21/06/29

42 Right Bank Works 44.53 mons Wed 01/10/25 Mon 28/05/29

43 Intermediate flushing channel pier and cut-off wall below_Construction 4 mons Wed 01/10/25 Wed 28/01/26

44 Flushing channel u/s cofferdam incl. cut-off wall_Placement 2 mons Thu 29/01/26 Sun 29/03/26

45 Flushing channel d/s cofferdam incl. cut-off wall_Placement 2 mons Thu 29/01/26 Sun 29/03/26

46 Flushing Channel (bay 2 and 3) 12.5 mons Mon 30/03/26 Thu 08/04/27

47 Flushing channel bays 2 and 3_Excavation 0.5 mons Mon 30/03/26 Mon 13/04/26

48 Cut-off wall below flushing channel bays 2 and 3 1 mon Tue 14/04/26 Wed 13/05/26

49 Flushing channels bays 2 and 3_Construction 5 mons Thu 14/05/26 Sat 10/10/26

50 Flushing channels bays 2 and 3_Installation of HM equipment (crane, radial gate, stop logs) 6 mons Sun 11/10/26 Thu 08/04/27

51 Desander 44.53 mons Wed 01/10/25 Mon 28/05/29

52 Desander intake and cut-off wall_Excavation 2 mons Mon 30/03/26 Thu 28/05/26

53 Desander intake_Concrete works 4 mons Fri 29/05/26 Fri 25/09/26

54 Desander intake_Installation of HM equipment (trash rack, stop logs, gates) 5 mons Sat 26/09/26 Mon 22/02/27

55 Desander_Excavation 15 mons Wed 01/10/25 Thu 24/12/26

56 Desander_Concrete works 12 mons Fri 25/12/26 Sun 19/12/27

57 (Between) flushing channel and desander_Backfilling 2 mons Mon 20/12/27 Thu 17/02/28

58 Desander_Installation of H&M equipment (desander gates, flushing gates) 6 mons Mon 20/12/27 Fri 16/06/28

59 Forebay_Concrete works 2 mons Fri 30/03/29 Mon 28/05/29

60 Flushing channel u/s cofferdam_Removal 2 mons Fri 01/10/27 Mon 29/11/27

61 Flushing channel d/s cofferdam_Removal 2 mons Fri 01/10/27 Mon 29/11/27

62 Left Bank Works 19 mons Tue 30/11/27 Thu 21/06/29

63 Dam body u/s cofferdam incl. cut-off wall_Placement 3 mons Tue 30/11/27 Sun 27/02/28

64 Dam body d/s cofferdam incl. cut-off wall_Placement 3 mons Tue 30/11/27 Sun 27/02/28

65 Flushing Channel (bay 1) 9.5 mons Mon 28/02/28 Fri 08/12/28

66 Dam body and flushing channel bay 1_Excavation 1 mon Mon 28/02/28 Tue 28/03/28

67 Cut-off wall below flushing channel bay 1 0.5 mons Wed 29/03/28 Wed 12/04/28

68 Flushing channel bay 1_Construction 4 mons Thu 13/04/28 Thu 10/08/28

69 Flushing channel bay 1_Installation of H&M equipment (stop logs, radial gate) 4 mons Fri 11/08/28 Fri 08/12/28

70 Dam Embankment 14 mons Wed 29/03/28 Tue 22/05/29

71 Cut-off wall and grouting gallery below dam_Construction 6 mons Wed 29/03/28 Sun 24/09/28

72 Dam core_Placement 7 mons Mon 25/09/28 Sun 22/04/29

73 Dam filter layers_Placement 7 mons Tue 10/10/28 Mon 07/05/29

74 Dam rock fill_Placement 7 mons Wed 25/10/28 Tue 22/05/29

75 Dam body u/s cofferdam_Removal 1 mon Wed 23/05/29 Thu 21/06/29

76 Dam body d/s cofferdam_Removal 1 mon Wed 23/05/29 Thu 21/06/29

77 Lower Gabarband Intake 18 mons Fri 01/10/27 Fri 23/03/29

78 Left Bank Works 12.25 mons Fri 01/10/27 Mon 02/10/28

79 Flushing Channel of Weir 11 mons Fri 01/10/27 Fri 25/08/28

80 Dry season longitudinal cofferdam_Placement 1 mon Fri 01/10/27 Sat 30/10/27

81 Flushing channel _Excavation 0.5 mons Sun 31/10/27 Sun 14/11/27

82 Intermediate pier and flushing channel slab_Construction 2 mons Mon 15/11/27 Thu 13/01/28

83 Flushing channel u/s and d/s cofferdam_Placement 1.5 mons Fri 14/01/28 Sun 27/02/28

84 Flushing channel_Construction 3 mons Mon 28/02/28 Sat 27/05/28

85 Flushing channel_Installation of HM equipment (radial gate, stop logs) 3 mons Sun 28/05/28 Fri 25/08/28

86 Desander 11 mons Fri 01/10/27 Fri 25/08/28

87 Desander_Excavation 2 mons Fri 01/10/27 Mon 29/11/27

88 Desander intake_Excavation 0.5 mons Mon 28/02/28 Mon 13/03/28

89 Desander intake_Concrete works 2 mons Tue 14/03/28 Fri 12/05/28

90 Desander intake_Installation of HM equipment (trash rack, stop logs, gates) 2 mons Sat 13/05/28 Tue 11/07/28

91 Desander_Excavation finalisation and Concrete works 4 mons Mon 28/02/28 Mon 26/06/28

92 (Between) flushing channel and desander_Backfilling 1 mon Tue 27/06/28 Wed 26/07/28

93 Desander and forebay_Installation of H&M equipment (flushing gates, calming racks) 2 mons Tue 27/06/28 Fri 25/08/28

94 Forebay_Concrete works, Installation GFRP pipe to portal 2 mons Mon 28/02/28 Thu 27/04/28

95 Forebay_Installation of HM equipment (intake gate) 0.5 mons Fri 28/04/28 Fri 12/05/28

96 Flushing channel cofferdams_Removal 0.5 mons Sun 17/09/28 Mon 02/10/28

97 Right Bank Works 5.75 mons Mon 02/10/28 Fri 23/03/29

Lower Spat Gah (LSG)

Waterway ready for filling

Lower Spat Gah reservoir ready for impounding

Lower Gabarband intake ready for diversion

Lower Gabarband intake ready for operation

Back Energizing

1st Synchronization

Date of completion

COD (Commercial Operation Date)

Early Works

Bridge across Indus river

Access road from main road to Powerhouse access tunnels (L = 570 m)

Access road PH adit portal to Indus Bridge (L = 450 m)

Access roads from Indus Bridge to Tailrace Outlet Structure (L = 120 m)

Access road from junction to Upper Erection and Gate Chamber (L = 3,665 m)

Construction road to top of surge shaft access tunnel (L = 3,685 m)

Spat Gah access road from main road junction to Dogah (L = 9,235 m)

Spat Gah access road from Dogah to Lower Spat Gah headworks (L = 8,370 m + 480 m tunnel)

Temporary construction road and bridge across river at Headworks area

Access road from Dogah to Gabarband adit (L = 2,075 m + 90 m bridge + 585 m tunnel)

Owner's Engineer's camp (later Operator's Village)

Reservoir clearing and grubbing

Site Installations of Civil Works Contractor

Mobilization to site

Powerhouse/tailrace area: crushing plant, batching plant, grouting plant, steel fabrication yard

Powerhouse/tailrace area: preparation of spoil and mucking area

Erection of EPC Contractor's main camp 1, office, laboratory, workshop (powerhouse area)

Establishment at camp 1: power supply, water supply, fuel supply, waste, wastewater, etc.

Gabarband crossing: crushing plant, batching plant, grouting plant, camp 2

Gabarband crossing: preparation of spoil and mucking area

Spat Gah headworks: crushing plant, batching plant, grouting plant, camp 3

Spat Gah headworks: preparation of spoil and mucking area

Erection of hydromechanical steel workshop

Demobilization and site clean-up

Lower Spat Gah Headworks

Intermediate flushing channel pier and cut-off wall below_Construction

Flushing channel u/s cofferdam incl. cut-off wall_Placement 

Flushing channel d/s cofferdam incl. cut-off wall_Placement

Flushing channel bays 2 and 3_Excavation

Cut-off wall below flushing channel bays 2 and 3

Flushing channels bays 2 and 3_Construction

Flushing channels bays 2 and 3_Installation of HM equipment (crane, radial gate, stop logs) 

Desander intake and cut-off wall_Excavation

Desander intake_Concrete works

Desander intake_Installation of HM equipment (trash rack, stop logs, gates)

Desander_Excavation

Desander_Concrete works

(Between) flushing channel and desander_Backfilling

Desander_Installation of H&M equipment (desander gates, flushing gates)

Forebay_Concrete works

Flushing channel u/s cofferdam_Removal 

Flushing channel d/s cofferdam_Removal 

Dam body u/s cofferdam incl. cut-off wall_Placement

Dam body d/s cofferdam incl. cut-off wall_Placement

Dam body and flushing channel bay 1_Excavation

Cut-off wall below flushing channel bay 1

Flushing channel bay 1_Construction

Flushing channel bay 1_Installation of H&M equipment (stop logs, radial gate) 

Cut-off wall and grouting gallery below dam_Construction 

Dam core_Placement

Dam filter layers_Placement

Dam rock fill_Placement

Dam body u/s cofferdam_Removal 

Dam body d/s cofferdam_Removal

Dry season longitudinal cofferdam_Placement

Flushing channel _Excavation

Intermediate pier and flushing channel slab_Construction

Flushing channel u/s and d/s cofferdam_Placement

Flushing channel_Construction

Flushing channel_Installation of HM equipment (radial gate, stop logs) 

Desander_Excavation 

Desander intake_Excavation

Desander intake_Concrete works

Desander intake_Installation of HM equipment (trash rack, stop logs, gates)

Desander_Excavation finalisation and Concrete works 

(Between) flushing channel and desander_Backfilling

Desander and forebay_Installation of H&M equipment (flushing gates, calming racks)

Forebay_Concrete works, Installation GFRP pipe to portal

Flushing channel cofferdams_Removal 
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ID Task Name Duration Start Finish

98 Spillway u/s cofferdam_Placement 1 mon Mon 02/10/28 Wed 01/11/28

99 Spillway d/s cofferdam_Placement 0.75 mons Mon 02/10/28 Tue 24/10/28

100 Overflow Spillway 4 mons Wed 01/11/28 Thu 01/03/29

101 Spillway_Excavation 2 mons Wed 01/11/28 Sun 31/12/28

102 Spillway_Concrete works 2 mons Sun 31/12/28 Thu 01/03/29

103 Spillway u/s coffer dam_Removal 0.75 mons Thu 01/03/29 Fri 23/03/29

104 Spillway d/s coffer dam_Removal 0.5 mons Thu 01/03/29 Fri 16/03/29

105 Headrace Tunnel and Gabarband Intake Tunnel 57.83 mons Sat 29/06/24 Thu 29/03/29

106 HRT (0~2+400) 43 mons Wed 17/09/25 Thu 29/03/29

107 Desander_HRT portal excavation 3 mons Wed 17/09/25 Mon 15/12/25

108 Desander to 2+400_Excavation and rock support HRT_(L = 2,400 m) 20 mons Tue 16/12/25 Sat 07/08/27

109 Desander to 2+400_Concrete lining HRT_(L = 2,400 m) 16 mons Sun 08/08/27 Wed 29/11/28

110 Desander to 2+400_Finishing works HRT_(L = 2,400 m) 2 mons Thu 30/11/28 Sun 28/01/29

111 Tunnel portal_Installation of H&M equipment (stop logs, emergency gate) 2 mons Mon 29/01/29 Thu 29/03/29

112 HRT (2+400~5+400) 53.5 mons Tue 22/10/24 Wed 14/03/29

113 Left bank Gabarband access tunnel_Portal excavation 2 mons Tue 22/10/24 Fri 20/12/24

114 Left bank Gabarband access tunnel_Excavation and rock support (L = 442 m) 4 mons Sat 21/12/24 Sat 19/04/25

115 Gabarband Crossing (5+400) to 2+400_Excavation and rock support HRT (L = 3,000 m) 25 mons Sun 20/04/25 Sun 09/05/27

116 Gabarband Crossing (5+400) to 2+400_Concrete lining HRT (L = 3,000 m) 20 mons Mon 10/05/27 Fri 29/12/28

117 Gabarband Crossing (5+400) to 2+400_Finishing works HRT (L = 3,000 m) 2.5 mons Sat 30/12/28 Wed 14/03/29

118 Gabarband Intake Tunnel 29 mons Sun 20/04/25 Mon 06/09/27

119 Gabarband Intake Tunnel_Excavation and rock support (L = 2,364 m) 20 mons Sun 20/04/25 Thu 10/12/26

120 Gabarband Intake Tunnel_Pipe installation and backfilling works (L = 2,393 m) 7 mons Fri 11/12/26 Thu 08/07/27

121 Gabarband Intake Tunnel_Finishing works (L = 2,364 m) 2 mons Fri 09/07/27 Mon 06/09/27

122 Gabarband river crossing 1 mon Tue 22/10/24 Wed 20/11/24

123 HRT (5+980~8+300) 45 mons Thu 21/11/24 Tue 01/08/28

124 Right bank Gabarband access tunnel_Portal Excavation 2 mons Thu 21/11/24 Sun 19/01/25

125 Right bank Gabarband access tunnel_Excavation and rock support (L = 136 m) 1.5 mons Mon 20/01/25 Wed 05/03/25

126 Gabarband Crossing (5+980) to 8+300_Excavation and rock support HRT (L = 2,320 m) 19 mons Thu 06/03/25 Sat 26/09/26

127 Gabarband Crossing (5+980) to 8+300_Concrete lining HRT (L = 2,040 m) 13.5 mons Sun 27/09/26 Fri 05/11/27

128 Gabarband Crossing (5+980) to 8+300_Installation steel lining and concrete backfill HRT (L = 280 
m)

6 mons Sat 06/11/27 Wed 03/05/28

129 Gabarband Crossing (5+980) to 8+300_Corrosion protection steel liner and finishing works HRT (L
= 2,320 m)

3 mons Thu 04/05/28 Tue 01/08/28

130 Garbarband Crossing_1st river diversion 11.63 mons Sun 27/09/26 Fri 10/09/27

131 Gabarband Crossing_Installation of 1st river diversion 2 mons Thu 01/10/26 Sun 29/11/26

132 Gabarband Crossing_Excavation of right bank and concreting right bank temporary portal 2 mons Mon 30/11/26 Thu 28/01/27

133 HRT steel lining_Placement and concrete backfill (L=45) 3 mons Fri 29/01/27 Wed 28/04/27

134 5+980 to right bank Gabarband crossing_Excavation and rock support HRT (L = 170 m) 2 mons Sun 27/09/26 Wed 25/11/26

135 5+980 to right bank Gabarband crossing_Installation steel lining and concrete backfill HRT (L = 
170 m)

4 mons Thu 29/04/27 Thu 26/08/27

136 5+980 to right bank Gabarband crossing_Corrosion protection steel liner and finishing works HRT 
(L = 170 m)

0.5 mons Fri 27/08/27 Fri 10/09/27

137 Garbarband Crossing_2nd river diversion 17.8 mons Mon 10/05/27 Tue 24/10/28

138 Gabarband Crossing_Installation of 2nd river diversion 1 mon Fri 01/10/27 Sat 30/10/27

139 Gabarband crossing_Excavation of left bank and concreting left bank temporary portal 2 mons Sun 31/10/27 Wed 29/12/27

140 HRT steel lining_Placement and concrete backfill (L=40) 3 mons Thu 30/12/27 Tue 28/03/28

141 5+400 to left bank Gabarband crossing_Excavation and rock support HRT from (L = 325 m) 3 mons Mon 10/05/27 Sat 07/08/27

142 5+500 to left bank Gabarband crossing_Installation steel lining and concrete backfill HRT (L = 225 
m)

5 mons Wed 29/03/28 Fri 25/08/28

143 5+500 to left bank Gabarband crossing_Concrete lining HRT (L = 100 m) 1 mon Sat 26/08/28 Sun 24/09/28

144 5+500 to left bank Gabarband crossing_Corrosion protection steel liner and finishing works HRT (L
= 325 m)

1 mon Mon 25/09/28 Tue 24/10/28

145 Upper Erection and Gate Chamber_Excavation 10 mons Sat 29/06/24 Thu 24/04/25

146 Access tunnel to Upper Erection and Gate Chamber_Portal excavation 2 mons Sat 29/06/24 Tue 27/08/24

147 Access tunnel to Upper Erection and Gate Chamber_Excavation and rock support (L = 470 m) 4 mons Wed 28/08/24 Wed 25/12/24

148 Upper Erection and Gate Chamber_Excavation and rock support 4 mons Thu 26/12/24 Thu 24/04/25

149 HRT (8+300~10+885) 40.5 mons Fri 25/04/25 Mon 21/08/28

150 Upper Erection and Gate Chamber to 8+300_Excavation and rock support HRT (L = 2,585 m) 21.5 mons Fri 25/04/25 Fri 29/01/27

151 Upper Erection and Gate Chamber to 8+300_Concrete lining HRT (L = 2,585 m) 17 mons Sat 30/01/27 Thu 22/06/28

152 Upper Erection and Gate Chamber to 8+300_Finishing works HRT (L = 2,585 m) 2 mons Fri 23/06/28 Mon 21/08/28

153 Pressure and Surge Shafts 43.17 mons Wed 06/11/24 Tue 23/05/28

154 Upper Erection and Gate Chamber_Concrete Works 5 mons Fri 08/08/25 Sun 04/01/26

155 Upper Erection and Gate Chamber_Concrete works 3 mons Fri 08/08/25 Wed 05/11/25

156 Upper Erection and Gate Chamber_Crane and auxiliary installation 2 mons Thu 06/11/25 Sun 04/01/26

157 Pressure Shaft 28.5 mons Mon 05/01/26 Mon 08/05/28

158 Pressure shaft_Installation for pilot drilling 3 mons Mon 05/01/26 Sat 04/04/26

159 Pressure shaft_Pilot drilling and grouting of pilot drillhole (H = 495 m) 3.5 mons Sun 05/04/26 Sat 18/07/26

160 Pressure shaft_Raise boring (H = 495 m) 5 mons Sun 19/07/26 Tue 15/12/26

161 Pressure shaft_Rock support  (H = 495 m) 3 mons Wed 16/12/26 Mon 15/03/27

162 Pressure shaft_Installation steel lining and concrete backfill (H = 495 m) 12 mons Tue 16/03/27 Thu 09/03/28

163 Pressure shaft_Corrosion protection steel liner and finishing works (H = 495 m) 2 mons Fri 10/03/28 Mon 08/05/28

164 Access Tunnel to Surge Shaft Chamber and Surge Shaft Chamber 3.5 mons Wed 06/11/24 Tue 18/02/25

165 Access Tunnel to Surge Shaft Chamber_Portal excavation 2 mons Wed 06/11/24 Sat 04/01/25

166 Access Tunnel to Surge Shaft Chamber_Excavation and rock support (L = 44 m) 0.5 mons Sun 05/01/25 Sun 19/01/25

167 Surge Shaft Chamber_Excavation and rock support 1 mon Mon 20/01/25 Tue 18/02/25

168 Surge Shaft 26 mons Sun 05/04/26 Tue 23/05/28

169 Surge shaft_Installation for pilot drilling 3 mons Sun 05/04/26 Fri 03/07/26

170 Surge shaft_Pilot drilling and grouting of pilot drill hole (H = 395 m) 3 mons Sun 19/07/26 Fri 16/10/26

171 Surge shaft_Raise boring (H = 395 m) 4.5 mons Wed 16/12/26 Thu 29/04/27

172 Surge shaft_Rock support (H = 395 m) 3 mons Fri 30/04/27 Wed 28/07/27

173 Surge shaft_Concrete lining (H = 395 m) 10 mons Thu 29/07/27 Tue 23/05/28

174 Powerhouse & Tailrace Construction 71 mons Sat 29/06/24 Sun 28/04/30

175 Main Access & Power Evacuation Tunnel (MAPET) 66.5 mons Sat 29/06/24 Fri 14/12/29

176 MAPET_Portal excavation 2 mons Sat 29/06/24 Tue 27/08/24

177 MAPET_Tunnel excavation and rock support (L = 1,212 m) 10 mons Wed 28/08/24 Mon 23/06/25

178 MAPET_Preliminary bottom slab (L = 1,212 m) 0.5 mons Tue 24/06/25 Tue 08/07/25

179 MAPET_Final bottom slab (L = 1,212 m) 1.5 mons Wed 31/10/29 Fri 14/12/29

180 Emergency & Power Evacuation Tunnel_Excavation and rock support (L = 282 m) 2.5 mons Tue 24/06/25 Sat 06/09/25

181 Access Tunnel to Lower Erection Chamber_Excavation and rock support (L = 183 m) 1.5 mons Tue 24/06/25 Thu 07/08/25

182 Lower Erection Chamber_Concrete works 3 mons Fri 10/03/28 Wed 07/06/28

183 Tailrace Tunnel 45 mons Sat 29/06/24 Thu 09/03/28

184 Tailrace Tunnel_Portal Excavation 2 mons Sat 29/06/24 Tue 27/08/24

185 Tailrace Tunnel_Tunnel excavation to all pits and rock support (L = 1,353 m) 11 mons Wed 28/08/24 Wed 23/07/25

186 Tailrace Tunnel_Concrete lining (L = 1,353 m) 9 mons Mon 14/06/27 Thu 09/03/28

187 Emergency & Ventilation Tunnel 34 mons Wed 28/08/24 Sun 13/06/27

188 Emergency & Ventilation Tunnel_Portal excavation 2 mons Wed 28/08/24 Sat 26/10/24

189 Emergency & Ventilation Tunnel_Excavation and rock support (L = 1,167 m) 10 mons Thu 24/07/25 Tue 19/05/26

190 Emergency & Ventilation Tunnel_Concrete base lining (L = 1,167 m) 1 mon Wed 20/05/26 Thu 18/06/26

191 Emergency & Ventilation Tunnel_Concrete lining (L = 1,167 m) 5.5 mons Thu 31/12/26 Sun 13/06/27

192 Powerhouse Caverns_Excavation 18 mons Thu 24/07/25 Thu 14/01/27

Spillway u/s cofferdam_Placement

Spillway d/s cofferdam_Placement

Spillway_Excavation

Spillway_Concrete works

Spillway u/s coffer dam_Removal

Spillway d/s coffer dam_Removal

Headrace Tunnel and Gabarband Intake Tunnel

Desander_HRT portal excavation

Desander to 2+400_Excavation and rock support HRT_(L = 2,400 m)

Desander to 2+400_Concrete lining HRT_(L = 2,400 m)

Desander to 2+400_Finishing works HRT_(L = 2,400 m)

Tunnel portal_Installation of H&M equipment (stop logs, emergency gate)

Left bank Gabarband access tunnel_Portal excavation

Left bank Gabarband access tunnel_Excavation and rock support (L = 442 m)

Gabarband Crossing (5+400) to 2+400_Excavation and rock support HRT (L = 3,000 m)

Gabarband Crossing (5+400) to 2+400_Concrete lining HRT (L = 3,000 m)

Gabarband Crossing (5+400) to 2+400_Finishing works HRT (L = 3,000 m)

Gabarband Intake Tunnel_Excavation and rock support (L = 2,364 m)

Gabarband Intake Tunnel_Pipe installation and backfilling works (L = 2,393 m)

Gabarband Intake Tunnel_Finishing works (L = 2,364 m)

Gabarband river crossing

Right bank Gabarband access tunnel_Portal Excavation

Right bank Gabarband access tunnel_Excavation and rock support (L = 136 m)

Gabarband Crossing (5+980) to 8+300_Excavation and rock support HRT (L = 2,320 m)

Gabarband Crossing (5+980) to 8+300_Concrete lining HRT (L = 2,040 m)

Gabarband Crossing (5+980) to 8+300_Corrosion protection steel liner and finishing works HRT (L = 2,320 m)

Gabarband Crossing_Installation of 1st river diversion

Gabarband Crossing_Excavation of right bank and concreting right bank temporary portal

HRT steel lining_Placement and concrete backfill (L=45)

5+980 to right bank Gabarband crossing_Excavation and rock support HRT (L = 170 m)

5+980 to right bank Gabarband crossing_Installation steel lining and concrete backfill HRT (L = 170 m)

5+980 to right bank Gabarband crossing_Corrosion protection steel liner and finishing works HRT (L = 170 m)

Gabarband Crossing_Installation of 2nd river diversion

Gabarband crossing_Excavation of left bank and concreting left bank temporary portal

HRT steel lining_Placement and concrete backfill (L=40)

5+400 to left bank Gabarband crossing_Excavation and rock support HRT from (L = 325 m)

5+500 to left bank Gabarband crossing_Installation steel lining and concrete backfill HRT (L = 225 m)

5+500 to left bank Gabarband crossing_Corrosion protection steel liner and finishing works HRT (L = 325 m)

Access tunnel to Upper Erection and Gate Chamber_Portal excavation

Access tunnel to Upper Erection and Gate Chamber_Excavation and rock support (L = 470 m)

Upper Erection and Gate Chamber_Excavation and rock support 

Upper Erection and Gate Chamber to 8+300_Excavation and rock support HRT (L = 2,585 m)

Upper Erection and Gate Chamber to 8+300_Concrete lining HRT (L = 2,585 m)

Upper Erection and Gate Chamber to 8+300_Finishing works HRT (L = 2,585 m)

Pressure and Surge Shafts

Upper Erection and Gate Chamber_Concrete works

Upper Erection and Gate Chamber_Crane and auxiliary installation

Pressure shaft_Installation for pilot drilling 

Pressure shaft_Pilot drilling and grouting of pilot drillhole (H = 495 m)

Pressure shaft_Raise boring (H = 495 m)

Pressure shaft_Rock support  (H = 495 m)

Pressure shaft_Installation steel lining and concrete backfill (H = 495 m)

Pressure shaft_Corrosion protection steel liner and finishing works (H = 495 m)

Access Tunnel to Surge Shaft Chamber_Portal excavation

Access Tunnel to Surge Shaft Chamber_Excavation and rock support (L = 44 m)

Surge Shaft Chamber_Excavation and rock support 

Surge shaft_Installation for pilot drilling 

Surge shaft_Pilot drilling and grouting of pilot drill hole (H = 395 m)

Surge shaft_Raise boring (H = 395 m)

Surge shaft_Rock support (H = 395 m) 

Surge shaft_Concrete lining (H = 395 m)

Powerhouse & Tailrace Construction

MAPET_Portal excavation

MAPET_Tunnel excavation and rock support (L = 1,212 m)

MAPET_Preliminary bottom slab (L = 1,212 m)

MAPET_Final bottom slab (L = 1,212 m)

Emergency & Power Evacuation Tunnel_Excavation and rock support (L = 282 m)

Access Tunnel to Lower Erection Chamber_Excavation and rock support (L = 183 m)

Lower Erection Chamber_Concrete works

Tailrace Tunnel_Portal Excavation

Tailrace Tunnel_Tunnel excavation to all pits and rock support (L = 1,353 m)

Tailrace Tunnel_Concrete lining (L = 1,353 m)

Emergency & Ventilation Tunnel_Portal excavation

Emergency & Ventilation Tunnel_Excavation and rock support (L = 1,167 m)

Emergency & Ventilation Tunnel_Concrete base lining (L = 1,167 m)
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ID Task Name Duration Start Finish

193 Power Cavern crown_Excavation and rock support 3 mons Thu 24/07/25 Tue 21/10/25

194 Overhead crane beams_Concrete works with temp. post-tensioning 2 mons Wed 22/10/25 Sat 20/12/25

195 Temporary overhead crane_Installation 1 mon Sun 21/12/25 Mon 19/01/26

196 Power Cavern_Excavation and rock suppot 12 mons Tue 20/01/26 Thu 14/01/27

197 Access tunnel to transformer cavern_Excavation (L = 73.5 m) 1 mon Sat 21/03/26 Sun 19/04/26

198 Transformer Cavern_Excavation and rock support 6.5 mons Fri 19/06/26 Wed 30/12/26

199 Generator cable tunnels_Excavation and rock support (L = 3 x 73.5 m) 3 mons Mon 20/04/26 Sat 18/07/26

200 Penstocks and High Pressure Tunnel 19 mons Sat 17/10/26 Mon 08/05/28

201 Penstocks and High Pressure Tunnel_Excavation and rock support (L=229 m) 2 mons Sat 17/10/26 Tue 15/12/26

202 Penstocks and High Pressure Tunnel_Concrete and steel lining (L=229 m) 2 mons Fri 10/03/28 Mon 08/05/28

203 Powerhouse Caverns_Concrete Work 21.5 mons Thu 31/12/26 Thu 05/10/28

204 Draft tube floor_Concrete works 3 mons Fri 15/01/27 Wed 14/04/27

205 MIV/spiral case floor slab/foundation_Concrete works 1 mon Thu 15/04/27 Fri 14/05/27

206 Spiral case floor_Concrete works 2 mons Thu 11/11/27 Sun 09/01/28

207 Turbine floor_Concrete works 2 mons Mon 10/01/28 Thu 09/03/28

208 Generator floor_Concrete works 2 mons Fri 10/03/28 Mon 08/05/28

209 Machine hall and superstructure_Concrete works 4 mons Tue 09/05/28 Tue 05/09/28

210 Transformer cavern_Concrete works 6 mons Thu 31/12/26 Mon 28/06/27

211 Generator cable tunnel_Concrete works 2 mons Tue 29/06/27 Fri 27/08/27

212 Overhead crane_Installation 3 mons Sat 08/07/28 Thu 05/10/28

213 E&M Installation 30 mons Sat 15/05/27 Tue 30/10/29

214 Pelton distribution pipes incl. pressure test for each unit_Installation 6 mons Sat 15/05/27 Wed 10/11/27

215 MIV, pelton turbines, turbine shafts, generators, mechanical and electrical BoP_Installation 13 mons Fri 06/10/28 Tue 30/10/29

216 Transformers, GIS_Installation 6 mons Sat 28/08/27 Wed 23/02/28

217 Auxiliary systems_Installation 6 mons Sat 25/03/28 Wed 20/09/28

218 Commissioning 30.33 mons Mon 01/11/27 Sun 28/04/30

219 Waterway filling 1 mon Mon 01/11/27 Wed 14/11/29

220 Unit 1: Commissioning, trial run, & reliability run 2 mons Thu 15/11/29 Sun 13/01/30

221 Unit 2: Commissioning, trial run, & reliability run 1.5 mons Mon 14/01/30 Wed 27/02/30

222 Unit 3: Commissioning, trial run, & reliability run 1.5 mons Thu 28/02/30 Sat 13/04/30

223 Unit 1: Acceptance test 0.5 mons Mon 14/01/30 Mon 28/01/30

224 Unit 2: Acceptance test 0.5 mons Thu 28/02/30 Thu 14/03/30

225 Unit 3: Acceptance test 0.5 mons Sun 14/04/30 Sun 28/04/30

Power Cavern crown_Excavation and rock support

Overhead crane beams_Concrete works with temp. post-tensioning

Temporary overhead crane_Installation

Power Cavern_Excavation and rock suppot

Access tunnel to transformer cavern_Excavation (L = 73.5 m)

Transformer Cavern_Excavation and rock support 

Generator cable tunnels_Excavation and rock support (L = 3 x 73.5 m)

Penstocks and High Pressure Tunnel_Excavation and rock support (L=229 m)

Penstocks and High Pressure Tunnel_Concrete and steel lining (L=229 m)

Draft tube floor_Concrete works

MIV/spiral case floor slab/foundation_Concrete works 

Spiral case floor_Concrete works

Turbine floor_Concrete works

Generator floor_Concrete works

Machine hall and superstructure_Concrete works

Transformer cavern_Concrete works

Generator cable tunnel_Concrete works

Overhead crane_Installation

Pelton distribution pipes incl. pressure test for each unit_Installation

MIV, pelton turbines, turbine shafts, generators, mechanical and electrical BoP_Installation

Transformers, GIS_Installation

Auxiliary systems_Installation

Waterway filling

Unit 1: Commissioning, trial run, & reliability run

Unit 2: Commissioning, trial run, & reliability run

Unit 3: Commissioning, trial run, & reliability run

Unit 1: Acceptance test

Unit 2: Acceptance test

Unit 3: Acceptance test
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Bill of Quantities
Infrastructure and Road Works

UNIT PRICE
(PKR)

AMOUNT
(PKR)

UNIT PRICE
(Eq. USD)

AMOUNT
(Eq. USD)

UNIT PRICE
(USD)

 AMOUNT
(USD) 

A INFRASTRUCTURE & ROAD WORKS 16,698,142,171 93,678,217            93,678,217 

1 Indus Bridge 365,414,187 2,050,009 - 2,050,009

1.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

1.1.1 Clearing & grubbing m2 202.59                     44.50 9,015.35 0.25                                    50.58                                  -                                          50.58                                  

1.1.2 Loose excavation m3 607.78                     2,364.00 1,436,783.39 13.26                                  8,060.50                             -                                          8,060.50                             

1.1.3 Ripping excavation m3 810.37                     577.00 467,582.64 3.24                                    2,623.18                             -                                          2,623.18                             

1.1.4 Blasting excavation m3 2,431.11                  5,346.00 12,996,690.32 29.99                                  72,912.71                           -                                          72,912.71                           

1.2 Providing and placing lining concrete (16 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

1.2.1 Lining concrete m3 19.77                       16,225.00 320,733.07 91.02                                  1,799.34                             -                                          1,799.34                             

1.2.2 Levelling concrete m3 12.58                       16,225.00 204,092.85 91.02                                  1,144.98                             -                                          1,144.98                             

1.3 Providing and placing reinforced cement concrete (21 MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

1.3.1 Normal concrete
1.3.1.1 Abutment footing m3 309.02                     30,368.00 9,384,331.51 170.37                                52,647.02                           -                                          52,647.02                           

1.3.1.2 Head wall m3 404.29                     30,368.00 12,277,563.75 170.37                                68,878.34                           -                                          68,878.34                           

1.3.1.3 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             

1.3.1.4 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           

1.3.1.5 Site concrete for bridge slabs m3 301.94                     30,368.00 9,169,253.18 170.37                                51,440.41                           -                                          51,440.41                           

1.3.2 Precast concrete
1.3.2.1 Slabs m3 145.20                     37,670.00 5,469,717.90 211.33                                30,685.65                           -                                          30,685.65                           

1.4 Providing and placing reinforced cement concrete (28 MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

1.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
1.4.2 Bearing seat m3 0.95                         37,670.00 35,781.23 211.33                                200.74                                -                                          200.74                                

1.5 Steel for bridge construction, fy > 350 N/mm² including providing, fabricating, 
delivery, connecting, securing and fixing in position

1.5.1 Total amount of steel ton 450.00                     364,005.00 163,802,250.00 2,042.10                             918,946.70                         -                                          918,946.70                         

1.5.2 Anti corrosion protection m2 1,400.00                  6,450.21 9,030,294.00 36.19                                  50,660.84                           -                                          50,660.84                           
1.6 Setup and removal of site specific infrastructure for steel works

1.6.1 Setup -                              -                                          -                                          -                                          -                                          -                                          

1.6.2 Removal -                              -                                          -                                          -                                          -                                          -                                          
1.7 Quality control steel and corrosion protection

1.7.1 Quality control -                              -                                          -                                          -                                          -                                          -                                          
1.8 Providing, fabricating, securing and fixing in position mild steel deformed bars 

1.8.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 296.89                     364,005.00 108,069,905.43 2,042.10                             606,282.78                         -                                          606,282.78                         

1.9 Providing and placing temporary constructions
1.9.1 Temporary concrete foundation m3 80.00                       30,368.00 2,429,440.00 170.37                                13,629.40                           -                                          13,629.40                           

1.9.2 Temporary scaffolding steel ton 50.00                       115,672.00 5,783,600.00 648.93                                32,446.56                           -                                          32,446.56                           

1.9.3 Temporary reinforcement ton 16.00                       182,002.50 2,912,040.00 1,021.05                             16,336.83                           -                                          16,336.83                           
1.10 Furnishing and installing RC railing 

1.10.1 Using concrete (21 MPa strength) concrete, including cost of all labour, material, 
reinforcement, and shuttering etc. completes as per drawings and specifications

m 235.60                     3,030.03 713,875.07 17.00                                  4,004.91                             -                                          4,004.91                             

1.11 Providing and constructing deformation joints
1.11.1 Joints as per relevant drawings details and specifications m 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

1.12 Providing and fixing elastomeric bearing pads 
1.12.1 Bearing pads cm3 1,528,590.78           4.09 6,251,936.29 0.02                                    35,073.98                           -                                          35,073.98                           

1.13 Providing and fixing spherical bearing pads 
1.13.1 spherical bearing No. 4.00                         1,562,984.07 -                                          8768.49 -                                          8,768.49                             

1.14 Providing and laying plant pre-mixed 80 mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 

1.14.1 Sealing layer - 0.5 cm m2 549.00                     658.81 361,686.69 3.70                                    2,029.10                             -                                          2,029.10                             

1.14.2 Mastic asphalt - 3.5 cm m2 549.00                     500.98 275,038.02 2.81                                    1,542.99                             -                                          1,542.99                             

1.14.3 Stone mastic asphalt - 4 cm m2 549.00                     351.46 192,951.54 1.97                                    1,082.48                             -                                          1,082.48                             
1.15 Providing and laying plant pre-mixed of bituminous mastic -                                          -                                          -                                          -                                          

1.15.1 Bituminous mastic m3 0.40                         8,516.23 3,422.40 47.78                                  19.20                                  -                                          19.20                                  

1.16 Compaction of back fill around the structures with suitable excavated material 
around the structure

1.16.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
1.17 Providing and fixing 150 mm diameter PVC pipe for surface drainage

1.17.1 PVC pipes m 15.00                       2,075.16 31,127.40 11.64                                  174.63                                -                                          174.63                                
1.18 Providing and installing drainage pots for surface drainage

1.18.1 Drainage pots No. 6.00                         15,000.00 90,000.00                           84.15                                  504.91                                -                                          504.91                                
1.19 Providing and installing ground wire for electric devices

1.19.1 Ground wire m 400.00                     569.92 227,968.00                         3.20                                    1,278.92                             -                                          1,278.92                             

2 Access Road From Indus River to Main Road 295,900,221 1,660,029 - 1,660,029

2.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

2.1.1 Clearing & grubbing m2 11,412.32                44.50 507,848.31 0.25                                    2,849.08                             -                                          2,849.08                             

2.1.2 Loose excavation m3 5,135.54                  2,364.00 12,140,427.59 13.26                                  68,108.99                           -                                          68,108.99                           

2.1.3 Ripping excavation m3 6,847.39                  577.00 3,950,945.70 3.24                                    22,165.19                           -                                          22,165.19                           

2.1.4 Blasting excavation m3 20,542.18                5,346.00 109,818,487.16 29.99                                  616,092.49                         -                                          616,092.49                         
2.2 Compaction of backfill around the structures with suitable material

2.2.1 15 cm field sod/ top soil + seeding m3 3,200.00                  1,341.45 4,292,640.00 7.53                                    24,082.13                           -                                          24,082.13                           

2.2.2 60 cm riprap handplaced/ river bank protection m3 320.00                     3,756.84 1,202,188.80 21.08                                  6,744.40                             -                                          6,744.40                             

2.2.3 Filling random material m3 14,085.00                1,342.00 18,902,070.00 7.53                                    106,042.47                         -                                          106,042.47                         
2.3 Removing trees operation

2.3.1 Trees 150-300 mm girth No. 20.00                       618.96 12,379.20 3.47                                    69.45                                  -                                          69.45                                  

2.3.2 Trees 300-600 mm girth No. 10.00                       3,044.67 30,446.70 17.08                                  170.81                                -                                          170.81                                
2.4 Providing and laying cement stabilised base

2.4.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 184.71                     22,623.08 4,848,315.78 126.92                                27,199.53 -                                          27,199.53                           

2.5 Providing and placing base and sub-base course
2.5.1 15 cm thick granular base course m3 544.14                     2,980.48 1,621,810.31 16.72                                  9,098.52                             -                                          9,098.52                             

2.5.2 20 cm thick sub-base course m3 781.57                     2,251.41 1,759,630.01 12.63                                  9,871.70                             -                                          9,871.70                             
2.6 Providing and placing lining concrete (16 MPa cylinder strength)

2.6.1 Using ordinary portland cement as per drawings and specifications m3 121.79                     21,522.00 2,621,207.42 120.74                                14,705.23                           -                                          14,705.23                           
2.7 Providing and placing concrete (21 MPa cylinder strength)

2.7.1 Using ordinary portland cement as per drawings and specifications m3 521.48                     30,368.00 15,836,222.20                     170.37                                88,842.76                           -                                          88,842.76                           
2.8 Providing and Placing wire mesh

2.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 54.51                       331,200.00 18,053,082.99 1,858.06                             101,279.57                         -                                          101,279.57                         

2.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

2.9.1 Maintenance opening every 200 m for drainage pcs 2.84                         15,000.00 42,600.00 84.15                                  238.99                                -                                          238.99                                

2.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 568.00                     1,556.37 884,018.16 8.73                                    4,959.43                             -                                          4,959.43                             

2.9.3 Ø150 mm diameter PVC pipe >3% slope m 352.00                     1,556.37 547,842.24 8.73                                    3,073.45                             -                                          3,073.45                             
2.10 Providing and placing sand

2.10.1 0.73 m each layer m3 -                              -                                          -                                          -                                          -                                          -                                          
2.11 Providing and placing twist hexagonal woven wire mesh

2.11.1 Wire mesh Ø3.70 mm ton -                              -                                          -                                          -                                          -                                          -                                          
2.12 Providing and placing steel wire mesh for gabion

2.12.1 For Gabion kg 5,631.78                  570.75 3,214,338.44 3.20                                    18,032.75                           -                                          18,032.75                           
2.13 Providing and placing gabion

2.13.1 Gabion (1.5m x 1m x 1m) m3 858.00                     2,602.04 2,232,550.32 14.60                                  12,524.83                           -                                          12,524.83                           

2.13.2 Gabion (3m x 1m x 1m) m3 1,104.00                  2,602.04 2,872,652.16 14.60                                  16,115.86                           -                                          16,115.86                           

2.13.3 Gabion (2m x 1m x 1m) m3 344.00                     2,602.04 895,101.76 14.60                                  5,021.61                             -                                          5,021.61                             

2.13.4 Gabion (4m x 1m x 1m) m3 688.00                     2,602.04 1,790,203.52 14.60                                  10,043.22                           -                                          10,043.22                           

2.13.5 Gabion (6m x 1m x 1m) m3 1,548.00                  2,602.04 4,027,957.92 14.60                                  22,597.24                           -                                          22,597.24                           
2.14 Providing and placing drainage gravel

2.14.1 Gravel m3 295.61                     1,179.72 348,732.61 6.62                                    1,956.42                             -                                          1,956.42                             
2.15 Providing and placing stone for the cut slope

2.15.1 Stone m3 1,757.94                  2,854.27 5,017,638.81 16.01                                  28,149.45                           -                                          28,149.45                           
2.16 Providing and placing geotextile to the wall

2.16.1 Geotextile m2 1,913.28                  124.13 237,495.21 0.70                                    1,332.37                             -                                          1,332.37                             
2.17 Providing and placing drainage pipe for the cut slope

2.17.1 Perforated PVC pipe and geotextile pipe L=5.50 m No. 242.00                     14,056.69 3,401,719.22                       78.86                                  19,083.98                           -                                          19,083.98                           

2.17.2 Unperforated drainage pipe L=1.00 m No. 242.00                     2,075.16 502,188.72                         11.64                                  2,817.33                             -                                          2,817.33                             

2.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. -                              -                                          -                                          -                                          -                                          -                                          

2.17.4 Unperforated drainage pipe L=0.70 m No. -                              -                                          -                                          -                                          -                                          -                                          
2.18 Providing and placing rockbolting for the cut slope

2.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. -                              -                                          -                                          -                                          -                                          -                                          

2.18.2 Nut M25 + washer No. -                              -                                          -                                          -                                          -                                          -                                          

2.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. -                              -                                          -                                          -                                          -                                          -                                          
2.19 Providing and placing soil nails for the cut slope

2.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 885.00                     530.41 469,410.80 2.98                                    2,633.44                             -                                          2,633.44                             

2.19.2 Nut M25 + washer No. 885.00                     152.18 134,682.84 0.85                                    755.58                                -                                          755.58                                

2.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 729.00                     5,419.52 3,950,833.00 30.40                                  22,164.56                           -                                          22,164.56                           

2.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. 156.00                     9,032.54 1,409,076.24 50.67                                  7,905.06                             -                                          7,905.06                             
2.20 Providing and placing guard rail

2.20.1 Guard rail left side m 570.00                     64,657.00 36,854,492.28 362.73                                206,757.32                         -                                          206,757.32                         
2.20.2 Guard rail right side m 310.00                     64,657.00 20,043,671.24 362.73                                112,446.96                         -                                          112,446.96                         

2.21 Rockfall barrier
2.21.1 Barrier m -                              -                                          -                                          -                                          -                                          -                                          

2.22 Providing and placing culverts
2.22.1 Pipe culvert type 1 No. -                              -                                          -                                          -                                          -                                          -                                          

2.22.2 Pipe culvert type 2 No. 2.00                         20,997.95 41,995.90 117.80                                235.60                                -                                          235.60                                
2.23 Providing and placing PVC cross pipes

2.23.1 PVC cross pipes No. 4.00                         10,375.80 41,503.20 58.21                                  232.84                                -                                          232.84                                
2.24 Providing and placing traffic sign

2.24.1 Traffic sign No. 16.00                       53,320.95 853,135.20 299.14                                4,786.17                             -                                          4,786.17                             
2.25 Providing and placing posts to guide the snow clearing devices

2.25.1 3 m high wooden posts, placed every 10 m No. 56.00                       10,000.00 560,000.00 56.10                                  3,141.65                             -                                          3,141.65                             
2.26 Slope protection to prevent corrosion m² 1,539.28                  6,450.21 9,928,679.25                       36.19                                  55,700.87                           -                                          55,700.87                           

3 Culverts along Access Road From Indus River to Main Road 4,399,070 24,679 - 24,679

3.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

3.1.1 Clearing & grubbing m2 45.42                       44.50 2,021.19 0.25                                    11.34                                  -                                          11.34                                  

3.1.2 Loose excavation m3 20.44                       2,364.00 48,317.80 13.26                                  271.07                                -                                          271.07                                

3.1.3 Ripping excavation m3 27.25                       577.00 15,724.40 3.24                                    88.22                                  -                                          88.22                                  

3.1.4 Blasting excavation m3 81.76                       5,346.00 437,067.58 29.99                                  2,451.99                             -                                          2,451.99                             
3.2 Providing and placing cast in-situ concrete (21 MPa cylinder strength) 

3.2.1 Using ordinary portland cement as per drawings and specifications m3 57.99                       30,368.00 1,761,058.66 170.37                                9,879.71                             -                                          9,879.71                             

3.3 Providing and placing pre-cast unreinforced concrete pipe (28 MPa cylinder 
strength) 

3.3.1 Using ordinary portland cement as per drawings and specifications m3 9.86                         37,670.00 371,272.43 211.33                                2,082.87                             -                                          2,082.87                             
3.4 Providing and placing lean concrete (16 MPa cylinder strength) 

3.4.1 Using ordinary portland cement as per drawings and specifications m3 5.72                         21,522.00 123,105.84 120.74                                690.64                                -                                          690.64                                
3.5 Providing and placing riprap at the exit of culvert

3.5.1 Riprap m3 35.70                       6,450.21 230,272.50 36.19                                  1,291.85                             -                                          1,291.85                             
3.6 Providing, fabricating, securing and fixing in position mild steel deformed bars

3.6.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 3.68                         364,005.00 1,340,994.42 2,042.10                             7,523.11                             -                                          7,523.11                             
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3.7 Providing and laying cement stabilised base

3.7.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 1.69                         22,623.08 38,278.60 126.92                                214.75 -                                          214.75                                

3.8 Providing and placing base and sub-base course
3.8.1 15 cm thick granular base course m3 4.98                         2,980.48 14,847.56 16.72                                  83.30                                  -                                          83.30                                  

3.8.2 20 cm thick sub-base course m3 7.16                         2,251.41 16,109.29 12.63                                  90.37                                  -                                          90.37                                  

4 Access Road to Upper Erection and Gate Chamber 3,001,600,350 16,839,273 16,839,273

4.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

4.1.1 Clearing & grubbing m2 122,379.21              18.50 2,264,015.35 0.10                                    12,701.35                           -                                          12,701.35                           
4.1.2 Loose excavation m3 55,070.64                409.87 22,571,804.72 2.30                                    126,630.04                         -                                          126,630.04                         
4.1.3 Ripping excavation m3 73,427.52                170.19 12,496,630.46 0.95                                    70,107.32                           -                                          70,107.32                           
4.1.4 Blasting excavation m3 220,282.57              5,346.00 1,177,630,644.15 29.99                                  6,606,623.53                       -                                          6,606,623.53                       
4.1.5 Soil disposal (hauling distance 1.8 km) m³ 474,781.18              725.00 344,216,352.43 4.07                                    1,931,087.53                       -                                          1,931,087.53                       

4.2 Compaction of backfill around the structures with suitable material
4.2.1 15 cm field sod/ top soil + seeding m3 20,000.00                1,341.45 26,829,000.00 7.53                                    150,513.32                         -                                          150,513.32                         
4.2.2 60 cm riprap handplaced/ river bank protection m3 2,000.00                  6,450.21 12,900,420.00 36.19                                  72,372.62                           -                                          72,372.62                           
4.2.3 Filling random material m3 2,497.74                  1,342.00 3,351,961.71 7.53                                    18,804.83                           -                                          18,804.83                           

4.3 Removing trees operation
4.3.1 Trees 150-300 mm girth No. 150.00                     618.96 92,844.00 3.47                                    520.86                                -                                          520.86                                
4.3.2 Trees 300-600 mm girth No. 50.00                       3,044.67 152,233.50 17.08                                  854.04                                -                                          854.04                                

4.4 Providing and laying cement stabilised base

4.4.1 Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 1,185.03                  22,623.08 26,809,001.34 126.92                                150,401.13                         -                                          150,401.13                         

4.5 Providing and placing base and sub-base course
4.5.1 15 cm thick granular base course m3 3,490.95                  2,980.48 10,404,712.62 16.72                                  58,371.46                           -                                          58,371.46                           
4.5.2 20 cm thick sub-base course m3 5,014.14                  2,251.41 11,288,893.94 12.63                                  63,331.80                           -                                          63,331.80                           

4.6 Providing and placing lining concrete (16 MPa cylinder strength)
4.6.1 Using ordinary portland cement as per drawings and specifications m3 43.25                       21,522.00 930,826.50 120.74                                5,222.03                             -                                          5,222.03                             

4.7 Providing and placing shotcrete (21 MPa cylinder strength)
4.7.1 Using ordinary portland cement as per drawings and specifications m3 7,253.53                  98,956.00 717,780,507.29 555.15                                4,026,819.12                       -                                          4,026,819.12                       

4.8 Providing and placing wire mesh
4.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 627.09                     331,200.00 207,693,711.52 1,858.06                             1,165,182.11                       -                                          1,165,182.11                       

4.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

4.9.1 Maintenance opening every 200 m for drainage pcs 18.22                       15,000.00 273,300.00 84.15                                  1,533.24                             -                                          1,533.24                             
4.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 3,644.00                  2,075.16 7,561,883.04 11.64                                  42,422.91                           -                                          42,422.91                           
4.9.3 Ø150 mm diameter PVC pipe >3% slope m 125.00                     2,075.16 259,395.00 11.64                                  1,455.23                             -                                          1,455.23                             

4.10 Providing and placing sand
4.10.1 0.73 m each layer m3 -                              -                                          -                                          -                                          -                                          -                                          

4.11 Providing and placing twist hexagonal woven wire mesh
4.11.1 Wire mesh Ø3.70 mm ton -                              -                                          -                                          -                                          -                                          -                                          

4.12 Providing and placing steel wire mesh for gabion
4.12.1 For Gabion kg 4,931.12                  310.00 1,528,647.20 1.74                                    8,575.86                             -                                          8,575.86                             

4.13 Providing and placing gabion
4.13.1 Gabion (1.5m x 1m x 1m) m3 2,176.50                  2,602.04 5,663,340.06 14.60                                  31,771.89                           -                                          31,771.89                           
4.13.2 Gabion (3m x 1m x 1m) m3 1,500.00                  2,602.04 3,903,060.00 14.60                                  21,896.55                           -                                          21,896.55                           
4.13.3 Gabion (2m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          
4.13.4 Gabion (4m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          
4.13.5 Gabion (6m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          

4.14 Providing and placing drainage gravel
4.14.1 Gravel m3 197.15                     1,179.72 232,584.86 6.62                                    1,304.82                             -                                          1,304.82                             

4.15 Providing and placing stone for the cut slope
4.15.1 Stone m3 1,147.53                  3,558.45 4,083,430.19 19.96                                  22,908.44                           -                                          22,908.44                           

4.16 Providing and placing geotextile to the wall
4.16.1 Geotextile m2 2,721.66                  124.13 337,839.14 0.70                                    1,895.31                             -                                          1,895.31                             

4.17 Providing and placing drainage pipe for the cut slope
4.17.1 Perforated PVC pipe and geotextile pipe L=4.50 m No. 1,794.00                  7,667.29 13,755,111.08 43.01                                  77,167.52                           -                                          77,167.52                           
4.17.2 Unperforated drainage pipe L=1.00 m No. 1,794.00                  1,452.61 2,605,985.93 8.15                                    14,619.84                           -                                          14,619.84                           
4.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. 375.53                     7,667.29 2,879,295.91 43.01                                  16,153.13                           -                                          16,153.13                           
4.17.4 Unperforated drainage pipe L=0.70 m No. 375.53                     1,452.61 545,499.38 8.15                                    3,060.31                             -                                          3,060.31                             

4.18 Providing and placing rockbolting for the cut slope
4.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 2,217.23                  530.41 1,176,033.17 2.98                                    6,597.66                             -                                          6,597.66                             
4.18.2 Nut M25 + washer No. 2,217.23                  152.18 337,426.17 0.85                                    1,892.99                             -                                          1,892.99                             
4.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 2,217.23                  7,226.03 16,021,738.80 40.54                                  89,883.53                           -                                          89,883.53                           

4.19 Providing and placing soil nails for the cut slope
4.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 7,296.00                  530.41 3,869,854.43 2.98                                    21,710.26                           -                                          21,710.26                           
4.19.2 Nut M25 + washer No. 7,296.00                  152.18 1,110,334.46 0.85                                    6,229.09                             -                                          6,229.09                             
4.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 3,024.00                  27,097.62 81,943,202.88 152.02                                459,709.41                         -                                          459,709.41                         
4.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. 4,272.00                  45,162.70 192,935,054.40 253.37                                1,082,384.60                       -                                          1,082,384.60                       

4.20 Providing and placing guard rail
4.20.1 Guard rail left side m 220.00                     2,602.04 572,448.80 14.60                                  3,211.49                             -                                          3,211.49                             
4.20.2 Guard rail right side m 360.00                     2,602.04 936,734.40 14.60                                  5,255.17                             -                                          5,255.17                             

4.21 Rockfall barrier
4.21.1 Barrier m 1,175.00                  9,604.73 11,285,557.75 53.88                                  63,313.09                           -                                          63,313.09                           

4.22 Providing and placing culverts
4.22.1 Pipe culvert type 1 No. 10.00                       52,142.50 521,425.00 292.52                                2,925.25                             -                                          2,925.25                             
4.22.2 Pipe culvert type 2 No. 4.00                         20,997.95 83,991.80 117.80                                471.20                                -                                          471.20                                

4.23 Providing and placing PVC cross pipes
4.23.1 PVC cross pipes No. 18.00                       10,375.80 186,764.40 58.21                                  1,047.77                             -                                          1,047.77                             

4.24 Providing and placing traffic sign
4.24.1 Traffic sign No. 42.00                       53,320.95 2,239,479.90 299.14                                12,563.70                           -                                          12,563.70                           

4.25 Providing and placing posts to guide the snow clearing devices
4.25.1 3 m high wooden posts, placed every 10 m No. 364.00                     10,000.00 3,640,000.00 56.10                                  20,420.76                           -                                          20,420.76                           

4.26 Slope protection to prevent corrosion m² 9,875.24                  6,450.21 63,697,371.80                     36.19                                  357,348.51                         -                                          357,348.51                         

5 Culverts along Access Road to Upper Erection and Gate Chamber 20,571,416 115,408 - 115,408

5.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

5.1.1 Clearing & grubbing m2 184.41                     44.50 8,206.10 0.25                                    46.04                                  -                                          46.04                                  
5.1.2 Loose excavation m3 82.98                       2,364.00 196,171.81 13.26                                  1,100.54                             -                                          1,100.54                             
5.1.3 Ripping excavation m3 110.64                     577.00 63,841.59 3.24                                    358.16                                -                                          358.16                                
5.1.4 Blasting excavation m3 331.93                     5,346.00 1,774,508.47 29.99                                  9,955.17                             -                                          9,955.17                             

5.2 Providing and placing cast in-situ concrete (21 MPa cylinder strength) 
5.2.1 using ordinary portland cement as per drawings and specifications m3 259.36                     30,368.00 7,876,290.27 170.37                                44,186.76                           -                                          44,186.76                           

5.3 Providing and placing Pre-cast unreinforced concrete pipe (28 MPa cylinder 
strength) 

5.3.1 Using ordinary portland cement as per drawings and specifications m3 45.53                       37,669.00 1,715,000.11 211.33                                9,621.32                             -                                          9,621.32                             
5.4 Providing and placing lean concrete (16 MPa cylinder strength) 

5.4.1 Using ordinary portland cement as per drawings and specifications m3 29.75                       16,225.00 482,693.75 91.02                                  2,707.96                             -                                          2,707.96                             
5.5 Providing and placing riprap at the exit of culvert

5.5.1 Riprap m3 214.90                     6,450.21 1,386,150.13                       36.19                                  7,776.44                             -                                          7,776.44                             
5.6 Providing, fabricating, securing and fixing in position mild steel deformed bars

5.6.1 Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 18.37                       364,005.00 6,686,043.84 2,042.10                             37,509.36                           -                                          37,509.36                           

5.7 Providing and laying cement stabilised base

5.7.1 Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 8.59                         22,623.08 225,344.25 126.92                                1,264.20 -                                          1,264.20                             

5.8 Providing and placing base and sub-base course
5.8.1 15 cm thick granular base course m3 25.29                       2,980.48 75,379.92 16.72                                  422.89                                -                                          422.89                                
5.8.2 20 cm thick sub base course m3 36.33                       2,251.41 81,785.62 12.63                                  458.83                                -                                          458.83                                

6 Construction Road to the Surge Shaft Chamber Access Tunnel 2,454,343,854 13,769,110 - 13,769,110

6.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

6.1.1 Clearing & grubbing m2 119,098.43              44.50 5,299,880.27 0.25                                    29,732.85                           -                                          29,732.85                           
6.1.2 Loose excavation m3 53,594.29                2,364.00 126,696,913.03 13.26                                  710,782.12                         -                                          710,782.12                         
6.1.3 Ripping excavation m3 71,459.06                577.00 41,231,877.51 3.24                                    231,314.88                         -                                          231,314.88                         
6.1.4 Blasting excavation m3 214,377.18              5,346.00 1,146,060,401.09 29.99                                  6,429,511.37                       -                                          6,429,511.37                       
6.1.5 Soil disposal (hauling distance 0.48 km) m3 456,885.62              656.83 300,095,269.13 3.68                                    1,683,563.92                       -                                          1,683,563.92                       

6.2 Compaction of back fill around the structures with suitable material
6.2.1 15 cm field sod/ top soil + seeding m3 20,000.00                1,341.45 26,829,000.00                     7.53                                    150,513.32                         -                                          150,513.32                         
6.2.2 60 cm riprap handplaced/ river bank protection m3 2,000.00                  3,558.45 7,116,900.00 19.96                                  39,926.51                           -                                          39,926.51                           
6.2.3 Filling random material m3 7,598.27                  1,342.00 10,196,874.31 7.53                                    57,205.47                           -                                          57,205.47                           

6.3 Removing trees operation
6.3.1 Trees 150-300 mm girth No. 150.00                     618.96 92,844.00 3.47                                    520.86                                -                                          520.86                                
6.3.2 Trees 300-600 mm girth No. 50.00                       30,446.70 1,522,335.00 170.81                                8,540.45                             -                                          8,540.45                             

6.4 Providing and laying cement stabilised base

6.4.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density m3 1,198.69                  22,623.08 31,462,837.96 126.92                                176,509.61 -                                          176,509.61                         

6.5 Providing and placing base and sub-base course
6.5.1 15 cm thick granular base course m3 3,531.19                  2,980.48 10,524,635.21 16.72                                  59,044.24                           -                                          59,044.24                           

6.5.2 20 cm thick sub-base course m3 5,071.94                  2,251.41 11,419,007.43 12.63                                  64,061.75                           -                                          64,061.75                           
6.6 Providing and placing lining concrete (16 MPa cylinder strength)

6.6.1 Using ordinary portland cement as per drawings and specifications m3 -                              -                                          -                                          -                                          -                                          -                                          
6.7 Providing and placing shotcrete (21 MPa cylinder strength) -                                          -                                          -                                          -                                          

6.7.1 Using ordinary portland cement as per drawings and specifications m3 2,870.53                  98,956.00 284,055,888.03 555.15                                1,593,581.42                       -                                          1,593,581.42                       
6.8 Providing and placing wire mesh

6.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 318.34                     331,200.00 105,433,718.63                   1,858.06                             591,493.51                         -                                          591,493.51                         

6.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

6.9.1 Maintenance opening every 200 m for drainage pcs 18.43                       15,000.00 276,450.00                         84.15                                  1,550.91                             -                                          1,550.91                             
6.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 3,686.00                  2,075.16 7,649,039.76 11.64                                  42,911.86                           -                                          42,911.86                           
6.9.3 Ø150 mm diameter PVC pipe >3% slope m -                              -                                          -                                          -                                          -                                          -                                          

6.10 Providing and placing sand
6.10.1 0.73 m each layer m3 -                              -                                          -                                          -                                          -                                          -                                          

6.11 Providing and placing twist hexagonal woven wire mesh
6.11.1 Wire mesh Ø3.70 mm ton -                              -                                          -                                          -                                          -                                          -                                          

6.12 Providing and placing steel wire mesh for gabion
6.12.1 For gabion kg 5,618.00                  570.75 3,206,473.50 3.20                                    17,988.63                           -                                          17,988.63                           

6.13 Providing and placing gabion
6.13.1 Gabion (1.5m x 1m x 1m) m3 1,462.50                  2,602.04 3,805,483.50 14.60                                  21,349.14                           -                                          21,349.14                           

6.13.2 Gabion (3m x 1m x 1m) m3 450.00                     2,602.04 1,170,918.00 14.60                                  6,568.96                             -                                          6,568.96                             

6.13.3 Gabion (2m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          

6.13.4 Gabion (4m x 1m x 1m) m3 1,500.00                  2,602.04 3,903,060.00 14.60                                  21,896.55                           -                                          21,896.55                           

6.13.5 Gabion (6m x 1m x 1m) m3 1,050.00                  2,602.04 2,732,142.00 14.60                                  15,327.58                           -                                          15,327.58                           
6.14 Providing and placing drainage gravel

6.14.1 Gravel m3 -                              -                                          -                                          -                                          -                                          -                                          
6.15 Providing and placing stone for the cut slope

6.15.1 Stone m3 -                              -                                          -                                          -                                          -                                          -                                          
6.16 Providing and placing geotextile to the wall

6.16.1 Geotextile m2 3,352.36                  124.13 416,128.25 0.70                                    2,334.52                             -                                          2,334.52                             
6.17 Providing and placing drainage pipe for the cut slope

6.17.1 Perforated PVC pipe and geotextile pipe L=4.50 m No. -                              -                                          -                                          -                                          -                                          -                                          

6.17.2 Unperforated drainage pipe L=1.00 m No. -                              -                                          -                                          -                                          -                                          -                                          

6.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. 874.20                     7,667.29 6,702,741.42                       43.01                                  37,603.04                           -                                          37,603.04                           

6.17.4 Unperforated drainage pipe L=0.70 m No. 874.20                     1,452.61 1,269,873.41 8.15                                    7,124.11                             -                                          7,124.11                             
6.18 Providing and placing rockbolting for the cut slope

6.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 4,624.80                  530.41 2,453,029.44 2.98                                    13,761.74                           -                                          13,761.74                           

6.18.2 Nut M25 + washer No. 4,624.80                  152.18 703,820.56 0.85                                    3,948.50                             -                                          3,948.50                             

6.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 4,624.80                  7,226.03 33,418,952.79 40.54                                  187,483.61                         -                                          187,483.61                         
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6.19 Providing and placing soil nails for the cut slope
6.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. -                              -                                          -                                          -                                          -                                          -                                          

6.19.2 Nut M25 + washer No. -                              -                                          -                                          -                                          -                                          -                                          

6.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. -                              -                                          -                                          -                                          -                                          -                                          

6.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. -                              -                                          -                                          -                                          -                                          -                                          
6.20 Providing and placing guard rail

6.20.1 Guard rail left side m 1,390.00                  64,657.00 89,873,235.56 362.73                                504,197.67                         -                                          504,197.67                         

6.20.2 Guard rail right side m 1,775.00                  64,657.00 114,766,182.10 362.73                                643,849.55                         -                                          643,849.55                         
6.21 Rockfall barrier

6.21.1 Barrier m 365.00                     9,604.73 3,505,726.45 53.88                                  19,667.47                           -                                          19,667.47                           
6.22 Providing and placing culverts

6.22.1 Pipe culvert type 1 No. 6.00                         52,142.50 312,855.00 292.52                                1,755.15                             -                                          1,755.15                             

6.22.2 Pipe culvert type 2 No. 3.00                         20,997.95 62,993.85 117.80                                353.40                                -                                          353.40                                
6.23 Providing and placing PVC cross pipes

6.23.1 PVC cross pipes No. 17.00                       2,075.16 35,277.72 11.64                                  197.91                                -                                          197.91                                
6.24 Providing and placing traffic sign

6.24.1 Traffic sign No. 36.00                       53,320.95 1,919,554.20 299.14                                10,768.89                           -                                          10,768.89                           
6.25 Providing and placing posts to guide the snow clearing devices

6.25.1 3 m high wooden posts, placed every 10 m No. 369.00                     10,000.00 3,690,000.00 56.10                                  20,701.26                           -                                          20,701.26                           
6.26 Slope protection to prevent corrosion m² 9,989.06                  6,450.21 64,431,534.70 36.19                                  361,467.24                         -                                          361,467.24                         

7 Culverts along Construction Road to the Surge Shaft Chamber Access Tunnel 13,355,117 74,924 - 74,924

7.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

7.1.1 Clearing & grubbing m2 124.27                     44.50 5,530.02 0.25                                    31.02                                  -                                          31.02                                  

7.1.2 Loose excavation m3 55.92                       2,364.00 132,198.43 13.26                                  741.65                                -                                          741.65                                

7.1.3 Ripping excavation m3 74.56                       577.00 43,022.27 3.24                                    241.36                                -                                          241.36                                

7.1.4 Blasting excavation m3 223.69                     5,346.00 1,195,825.36 29.99                                  6,708.70                             -                                          6,708.70                             
7.2 Providing and placing cast in-situ concrete (21 MPa cylinder strength) 

7.2.1 Using ordinary portland cement as per drawings and specifications m3 173.01                     30,368.00 5,254,091.76 170.37                                29,475.97                           -                                          29,475.97                           

7.3 Providing and placing Pre-cast unreinforced concrete pipe (28 MPa cylinder 
strength) 

7.3.1 Using ordinary portland cement as per drawings and specifications m3 30.27                       37,669.00 1,140,378.84 211.33                                6,397.64                             -                                          6,397.64                             
7.4 Providing and placing lean concrete (16 MPa cylinder strength) 

7.4.1 Using ordinary portland cement as per drawings and specifications m3 19.57                       21,522.00 421,099.45 120.74                                2,362.41                             -                                          2,362.41                             
7.5 Providing and placing riprap at the exit of culvert

7.5.1 Riprap m3 139.65                     3,558.45 496,937.54 19.96                                  2,787.87                             -                                          2,787.87                             
7.6 Providing, fabricating, securing and fixing in position mild steel deformed bars

7.6.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 12.13                       364,005.00 4,413,924.63 2,042.10                             24,762.55                           -                                          24,762.55                           

7.7 Providing and laying cement stabilised base

7.7.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 5.66                         22,623.08 148,522.35 126.92                                833.22 -                                          833.22                                

7.8 Providing and placing base and sub-base course
7.8.1 15 cm thick granular base course m3 16.67                       2,980.48 49,682.22 16.72                                  278.72                                -                                          278.72                                

7.8.2 20 cm thick sub base course m3 23.94                       2,251.41 53,904.16 12.63                                  302.41                                -                                          302.41                                

8 Access Road from Jalkot to Lower Spat Gah Headworks 4,085,092,273 22,917,769 - 22,917,769

8.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

8.1.1 Clearing & grubbing m2 182,602.85              44.50 8,125,826.63 0.25                                    45,586.69                           -                                          45,586.69                           
8.1.2 Loose excavation m3 82,171.28                2,364.00 194,252,907.13 13.26                                  1,089,777.88                       -                                          1,089,777.88                       
8.1.3 Ripping excavation m3 109,561.71              577.00 63,217,105.14 3.24                                    354,654.17                         -                                          354,654.17                         
8.1.4 Blasting excavation m3 328,685.12              5,346.00 1,757,150,662.48 29.99                                  9,857,787.73                       -                                          9,857,787.73                       
8.1.5 Soil disposal (hauling distance 9.04 km) m³ 640,353.69              334.00 213,878,131.72 1.87                                    1,199,877.32                       -                                          1,199,877.32                       

8.2 Compaction of back fill around the structures with suitable material
8.2.1 15 cm field sod/ top soil + seeding m3 100,000.00              1,341.45 134,145,000.00 7.53                                    752,566.62                         -                                          752,566.62                         
8.2.2 60 cm riprap handplaced/ river bank protection m3 10,000.00                6,450.21 64,502,100.00 36.19                                  361,863.11                         -                                          361,863.11                         
8.2.3 Filling random material m3 71,797.41                1,342.00 96,352,124.22 7.53                                    540,544.88                         -                                          540,544.88                         

8.3 Removing trees operation -                                          -                                          -                                          -                                          
8.3.1 Trees 150-300 mm girth No. 700.00                     618.96 433,272.00 3.47                                    2,430.70                             -                                          2,430.70                             
8.3.2 Trees 300-600 mm girth No. 300.00                     3,044.67 913,401.00 17.08                                  5,124.27                             -                                          5,124.27                             

8.4 Providing and laying cement stabilised base

8.4.1 Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 5,876.36                  22,623.08 154,241,313.59 126.92                                865,308.91 -                                          865,308.91                         

8.5 Providing and placing base and sub-base course
8.5.1 15 cm thick granular base course m3 17,311.06                2,980.48 51,595,268.11 16.72                                  289,454.52                         -                                          289,454.52                         
8.5.2 20 cm thick sub-base course m3 24,864.32                2,251.41 55,979,778.69 12.63                                  314,052.05                         -                                          314,052.05                         

8.6 Providing and placing lining concrete (16 MPa cylinder strength)
8.6.1 Using ordinary portland cement as per drawings and specifications m3 818.29                     7,176.10 5,872,130.87 40.26                                  32,943.23                           -                                          32,943.23                           

8.7 Providing and placing concrete (21 MPa cylinder strength)
8.7.1 Using ordinary portland cement as per drawings and specifications m3 6,522.99                  30,368.00 198,090,039.36 170.37                                1,111,304.57                       -                                          1,111,304.57                       

8.8 Providing and placing wire mesh
8.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 703.16                     331,200.00 232,887,291.11 1,858.06                             1,306,520.57                       -                                          1,306,520.57                       

8.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

8.9.1 Maintenance opening every 200 m for drainage pcs 90.35                       15,000.00 1,355,250.00 84.15                                  7,603.09                             -                                          7,603.09                             

8.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 18,070.00                2,075.16 37,498,141.20 11.64                                  210,368.25                         -                                          210,368.25                         

8.9.3 Ø150 mm diameter PVC pipe >3% slope m 2,365.00                  2,075.16 4,907,753.40 11.64                                  27,532.98                           -                                          27,532.98                           
8.10 Providing and placing sand

8.10.1 0.73 m each layer m3 1,906.76                  1,328.38 2,532,901.85 7.45                                    14,209.83                           -                                          14,209.83                           
8.11 Providing and placing twist hexagonal woven wire mesh

8.11.1 Wire mesh Ø3.70 mm ton 41.29                       570.75 23,565.21 3.20                                    132.20                                -                                          132.20                                
8.12 Providing and placing steel wire mesh for gabion

8.12.1 For gabion kg 22,790.00                2,602.04 59,300,491.60 14.60                                  332,681.58                         -                                          332,681.58                         
8.13 Providing and placing gabion

8.13.1 Gabion (1.5m x 1m x 1m) m3 7,875.00                  2,602.04 20,491,065.00 14.60                                  114,956.89                         -                                          114,956.89                         
8.13.2 Gabion (3m x 1m x 1m) m3 3,300.00                  2,602.04 8,586,732.00 14.60                                  48,172.41                           -                                          48,172.41                           
8.13.3 Gabion (2m x 1m x 1m) m3 2,900.00                  2,602.04 7,545,916.00 14.60                                  42,333.33                           -                                          42,333.33                           
8.13.4 Gabion (4m x 1m x 1m) m3 2,700.00                  2,602.04 7,025,508.00 14.60                                  39,413.79                           -                                          39,413.79                           
8.13.5 Gabion (6m x 1m x 1m) m3 450.00                     2,602.04 1,170,918.00 14.60                                  6,568.96                             -                                          6,568.96                             

8.14 Providing and placing drainage gravel
8.14.1 Gravel m3 1,591.84                  1,179.72 1,877,923.62 6.62                                    10,535.34                           -                                          10,535.34                           

8.15 Providing and placing stone for the cut slope
8.15.1 Stone m3 9,573.08                  6,450.21 61,748,364.58 36.19                                  346,414.39                         -                                          346,414.39                         

8.16 Providing and placing geotextile to the wall
8.16.1 Geotextile m2 13,171.41                124.13 1,634,966.63                       0.70                                    9,172.32                             -                                          9,172.32                             

8.17 Providing and placing drainage pipe for the cut slope
8.17.1 Perforated PVC pipe and geotextile pipe L=4.50 m No. 1,436.00                  11,500.93 16,515,334.04                     64.52                                  92,652.65                           -                                          92,652.65                           
8.17.2 Unperforated drainage pipe L=1.00 m No. 1,436.00                  2,075.16 2,979,929.76 11.64                                  16,717.70                           -                                          16,717.70                           
8.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. 969.14                     7,667.29 7,430,673.55 43.01                                  41,686.81                           -                                          41,686.81                           
8.17.4 Unperforated drainage pipe L=0.70 m No. 969.14                     1,452.61 1,407,784.39 8.15                                    7,897.81                             -                                          7,897.81                             

8.18 Providing and placing rockbolting for the cut slope
8.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 5,149.32                  530.41 2,731,238.87 2.98                                    15,322.52                           -                                          15,322.52                           
8.18.2 Nut M25 + washer No. 5,149.32                  152.18 783,644.11 0.85                                    4,396.32                             -                                          4,396.32                             
8.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 5,149.32                  8,671.24 44,650,981.32 48.65                                  250,496.39                         -                                          250,496.39                         

8.19 Providing and placing soil nails for the cut slope
8.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 5,330.00                  530.41 2,827,072.93 2.98                                    15,860.16                           -                                          15,860.16                           
8.19.2 Nut M25 + washer No. 5,330.00                  152.18 811,140.72 0.85                                    4,550.58                             -                                          4,550.58                             
8.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 4,538.00                  8,671.24 39,350,079.86 48.65                                  220,757.81                         -                                          220,757.81                         
8.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. 792.00                     14,452.06 11,446,034.69 81.08                                  64,213.38                           -                                          64,213.38                           

8.20 Providing and placing guard rail
8.20.1 Guard rail left side m 1,960.00                  64,657.00 126,727,727.84 362.73                                710,954.99                         -                                          710,954.99                         
8.20.2 Guard rail right side m 265.00                     64,657.00 17,134,106.06 362.73                                96,124.02                           -                                          96,124.02                           

8.21 Rockfall barrier
8.21.1 Barrier m 2,125.00                  9,604.73 20,410,051.25 53.88                                  114,502.39                         -                                          114,502.39                         

8.22 Providing and placing culverts
8.22.1 Pipe culvert type 1 No. 36.00                       52,142.50 1,877,130.00 292.52                                10,530.88                           -                                          10,530.88                           
8.22.2 Pipe culvert type 2 No. 16.00                       20,997.95 335,967.20 117.80                                1,884.81                             -                                          1,884.81                             

8.23 Providing and placing PVC cross pipes
8.23.1 PVC cross pipes No. 84.00                       2,075.16 174,313.44 11.64                                  977.92                                -                                          977.92                                

8.24 Providing and placing traffic sign
8.24.1 Traffic sign No. 132.00                     53,320.95 7,038,365.40 299.14                                39,485.92                           -                                          39,485.92                           

8.25 Providing and placing posts to guide the snow clearing devices
8.25.1 3 m high wooden posts, placed every 10 m No. 1,726.00                  10,000.00 17,260,000.00 56.10                                  96,830.29                           -                                          96,830.29                           

8.26 Slope protection to prevent corrosion m² 48,969.70                6,450.21 315,864,848.64                   36.19                                  1,772,032.81                       -                                          1,772,032.81                       

9 Culverts along Access Road from Jalkot to Lower Spat Gah Headworks 79,159,257 444,091 - 444,091

9.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

9.1.1 Clearing & grubbing m2 713.55                     44.50 31,753.12 0.25                                    178.14                                -                                          178.14                                
9.1.2 Loose excavation m3 321.10                     2,364.00 759,078.04 13.26                                  4,258.50                             -                                          4,258.50                             
9.1.3 Ripping excavation m3 428.13                     577.00 247,032.16 3.24                                    1,385.87                             -                                          1,385.87                             
9.1.4 Blasting excavation m3 1,284.40                  5,346.00 6,866,381.02 29.99                                  38,521.07                           -                                          38,521.07                           

9.2 Providing and placing cast in-situ concrete (21 MPa cylinder strength) 
9.2.1 Using ordinary portland cement as per drawings and specifications m3 994.75                     30,368.00 30,208,603.96 170.37                                169,473.23                         -                                          169,473.23                         

9.3 Providing and placing pre-cast unreinforced concrete pipe (28 MPa cylinder 
strength) 

9.3.1 Using ordinary portland cement as per drawings and specifications m3 174.13                     37,669.00 6,559,394.24 211.33                                36,798.85                           -                                          36,798.85                           
9.4 Providing and placing lean concrete (16 MPa cylinder strength) 

9.4.1 Using ordinary portland cement as per drawings and specifications m3 112.71                     21,522.00 2,425,637.01 120.74                                13,608.06                           -                                          13,608.06                           
9.5 Providing and placing riprap at the exit of culvert

9.5.1 Riprap m3 805.70                     6,450.21 5,196,934.20 36.19                                  29,155.31                           -                                          29,155.31                           
9.6 Providing, fabricating, securing and fixing in position mild steel deformed bars

9.6.1 Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 69.81                       364,005.00 25,412,645.07 2,042.10                             142,567.43                         -                                          142,567.43                         

9.7 Providing and laying cement stabilised base

9.7.1 Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density m3 32.59                       22,623.08 855,283.88 126.92                                4,798.23 -                                          4,798.23                             

9.8 Providing and placing base and sub-base course
9.8.1 15 cm thick granular base course m3 95.99                       2,980.48 286,101.04 16.72                                  1,605.05                             -                                          1,605.05                             
9.8.2 20 cm thick sub base course m3 137.88                     2,251.41 310,413.60 12.63                                  1,741.45                             -                                          1,741.45                             

10 Avalanche Galleries along Access Road from Jalkot to Lower Spat Gah Headworks 683,223,995 3,832,954 - 3,832,954

10.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

10.1.1 Clearing & grubbing m2 6,930.50                  44.50                 308,407.25                         0.25                                    1,730.19                             -                                          1,730.19                             
10.1.2 Loose excavation m3 3,118.73                  2,364.00             7,372,665.90                       13.26                                  41,361.38                           -                                          41,361.38                           
10.1.3 Ripping excavation m3 4,158.30                  577.00               2,399,339.10                       3.24                                    13,460.53                           -                                          13,460.53                           
10.1.4 Blasting excavation m3 12,474.90                5,346.00             66,690,815.40                     29.99                                  374,142.02                         -                                          374,142.02                         

10.2 Providing and laying ganular fill material

10.2.1
Comprise of gravel and sand, mixed in ratio 2:3, in layers not exceeding 150 mm thick 
including compaction of layers with approved mechanical plate compactor to achieve 
95% of the maximum dry density

m3 15,931.50                1,509.59 24,050,033.09 8.47                                    134,923.05                         -                                          134,923.05                         

10.3 Providing and placing lean concrete (16 MPa cylinder strength) 
10.3.1 Using ordinary portland cement as per drawings and specifications m3 260.00                     21,522.00 5,595,720.00 120.74                                31,392.54                           -                                          31,392.54                           

10.4 Providing and placing reinforce concrete (21 MPa cylinder strength) 
10.4.1 Using ordinary portland cement as per drawings and specifications m3 5,463.25                  30,368.00 165,907,976.00 170.37                                930,760.03                         -                                          930,760.03                         

10.5 Providing, fabricating, securing and fixing in position mild steel deformed bars

10.5.1 Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 1,092.65                  364,005.00 397,730,063.25 2,042.10                             2,231,304.70                       -                                          2,231,304.70                       

10.6 Providing and placing geotextile
10.6.1 Geotextile m2 890.50                     124.13 110,537.77 0.70                                    620.13                                -                                          620.13                                

10.7 Providing and placing filter gravel
10.7.1 Gravel Ø20 mm - 40 mm m3 1,059.50                  1,179.72 1,249,913.34 6.62                                    7,012.14                             -                                          7,012.14                             
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10.8 Providing and placing water stops
10.8.1 Water stops type AC 300 m 1,300.00                  561.81 730,353.00 3.15                                    4,097.35                             -                                          4,097.35                             

10.9 Providing and laying plant pre-mixed of bituminous mastic
10.9.1 Bituminous mastic m3 1.30                         8,516.23 11,071.09 47.78                                  62.11                                  -                                          62.11                                  

10.10 Providing and fixing 200mm diameter PVC pipe for surface drainage
10.10.1 Dewatering pipe PVC Ø200 mm m 325.00                     2,075.16 674,427.00 11.64                                  3,783.60                             -                                          3,783.60                             
10.10.2 Slotted pipe Ø200 mm m 650.00                     2,075.16 1,348,854.00 11.64                                  7,567.20                             -                                          7,567.20                             

10.11 Providing and installing ground wire for electric devices
10.11.1 Fiber Optic m 650.00                     1,230.18 799,617.00 6.90                                    4,485.93                             -                                          4,485.93                             
10.11.2 8'' 11kV m 650.00                     5,495.00 3,571,750.00 30.83                                  20,037.87                           -                                          20,037.87                           
10.11.3 6'' 400V m 325.00                     3,474.00 1,129,050.00 19.49                                  6,334.08                             -                                          6,334.08                             
10.11.4 6'' spare m 325.00                     3,474.00 1,129,050.00 19.49                                  6,334.08                             -                                          6,334.08                             
10.11.5 2'' spare m 325.00                     44.16 14,352.00 0.25                                    80.52                                  -                                          80.52                                  

10.12 Providing and placing lighting
10.12.1 Lighting No 160.00                     15,000.00 2,400,000.00 84.15                                  13,464.24                           -                                          13,464.24                           

11 Tunnel along Access Road from Jalkot to Lower Spat Gah Headworks 770,104,954 4,320,364 - 4,320,364

11.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

11.1.1 Clearing & grubbing m3 7,466.03                  44.50 332,238.22 0.25                                    1,863.89                             -                                          1,863.89                             
11.1.2 Loose excavation m3 14,932.05                2,364.00 35,299,377.78 13.26                                  198,032.97                         -                                          198,032.97                         
11.1.3 Ripping excavation m3 22,398.08                577.00 12,923,693.52 3.24                                    72,503.19                           -                                          72,503.19                           
11.1.4 Blasting excavation m3 104,524.38              5,346.00 558,787,358.47 29.99                                  3,134,851.94                       -                                          3,134,851.94                       

11.2 Providing and placing reinforce concrete (21 MPa cylinder strength) 
11.2.1 Using ordinary portland cement as per drawings and specifications m3 1,015.43                  30,368.00 30,836,432.47 170.37                                172,995.41                         -                                          172,995.41                         

11.3 Providing and placing shotcrete (21 MPa cylinder strength) 
11.3.1 Using ordinary portland cement as per drawings and specifications m3 992.69                     30,368.00 30,146,064.58 170.37                                169,122.38                         -                                          169,122.38                         

11.4 Providing, fabricating, securing and fixing in position mild steel deformed bars

11.4.1 Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 203.09                     364,005.00 73,923,969.99 2,042.10                             414,720.73                         -                                          414,720.73                         

11.4.2 Wire mesh  Ø5 mm ton 21.09                       331,200.00 6,984,016.85 1,858.06                             39,181.02                           -                                          39,181.02                           
11.5 Providing and fixing 200 mm diameter PVC pipe for surface drainage

11.5.1 PVC pipes m 378.89                     2,075.16 786,257.37 11.64                                  4,410.98                             -                                          4,410.98                             
11.6 Providing and installing ground wire for electric devices

11.6.1 Fiber Optic m 757.78                     1,230.18 932,205.80 6.90                                    5,229.77                             -                                          5,229.77                             
11.6.2 8'' 11kV m 757.78                     5,495.00 4,164,001.10 30.83                                  23,360.45                           -                                          23,360.45                           
11.6.3 6'' 400V m 378.89                     3,474.00 1,316,263.86 19.49                                  7,384.37                             -                                          7,384.37                             
11.6.4 6'' spare m 378.89                     3,474.00 1,316,263.86 19.49                                  7,384.37                             -                                          7,384.37                             
11.6.5 2'' spare m 378.89                     44.16 16,731.78 0.25                                    93.87                                  -                                          93.87                                  

11.7 Providing and placing lighting
11.7.1 Lighting No 180.00                     15,000.00 2,700,000.00 84.15                                  15,147.27                           -                                          15,147.27                           

11.8 Providing and placing rockbolting for the tunnel
11.8.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 2,772.00                  530.41 1,470,290.09 2.98                                    8,248.47                             -                                          8,248.47                             
11.8.2 Nut M25 + washer No. 2,772.00                  152.18 421,854.05 0.85                                    2,366.64                             -                                          2,366.64                             
11.8.3 Fully grouted rockbolt Ø25 mm, L=3 m No. 2,772.00                  2,795.07 7,747,934.04 15.68                                  43,466.67                           -                                          43,466.67                           

12 Goshali Bridge along Access Road from Jalkot to Lower Spat Gah Headworks 118,794,601 666,449 - 666,449

12.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

12.1.1 clearing & grubbing m3 59.14                       44.50 2,631.92 0.25                                    14.77                                  -                                          14.77                                  
12.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             
12.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                
12.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

12.2 Providing and placing lining concrete (21 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

12.2.1 Lining concrete m3 19.77                       21,522.00 425,443.28 120.74                                2,386.78                             -                                          2,386.78                             
12.2.2 Leveling concrete m3 12.58                       21,522.00 270,723.34 120.74                                1,518.78                             -                                          1,518.78                             

12.3 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

12.3.1 Normal concrete m3 765.22                     30,368.00 23,238,244.24 170.37                                130,368.83                         -                                          130,368.83                         
12.3.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           
12.3.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           
12.3.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             
12.3.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             
12.3.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           
12.3.1.6 Site concrete m3 27.13                       30,368.00 823,871.09 170.37                                4,622.00                             -                                          4,622.00                             
12.3.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

12.3.2 Precast concrete m3 14.02                       30,368.00 425,647.00 170.37                                2,387.92                             -                                          2,387.92                             
12.3.2.1 Slabs m3 14.02                       37,670.00 527,994.02 211.33                                2,962.10                             -                                          2,962.10                             

12.4 Providing and placing reinforced cement concrete (30MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

12.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
12.4.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

12.5
Providing, casting and launching in position prestressed concrete girders (35MPa 
cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer Girder - 19m Long

m3 53.41                       60,027.00 3,205,982.04                       336.76                                17,985.87                           -                                          17,985.87                           

12.6
Providing, fabricating, securing and fixing in position mild steel deformed bars of 
420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 162.46                     364,005.00 59,137,056.90 2,042.10                             331,764.70                         -                                          331,764.70                         

12.7
Furnishing and installing RC railing using concrete (21 MPa strength) concrete, 
including cost of all labour, material, reinforcement, and shuttering etc. 
completes as per drawings and specifications

Rm 54.00                       3,030.03 163,621.62 17.00                                  917.93                                -                                          917.93                                

12.8 Providing and constructing deformation joints as per relevant drawings details 
and specifications

Rm 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

12.9
Providing and fixing elastomeric bearing pads (320mm x 360mm x 100mm), 
including galvanized stell plate, cement mortar as shown on the drawing and as 
per specifications or as directed by the Engineer

No. 8.00                         4.09 32.72 0.02                                    0.18                                    -                                          0.18                                    

12.10
Providing and laying plant pre-mixed 80mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

12.10.1 Sealing layer - 0.5cm m2 95.00                       658.81 62,586.95 3.70                                    351.12                                -                                          351.12                                
12.10.2 Mastic asphalt - 3.5cm m2 95.00                       500.98 47,593.10 2.81                                    267.00                                -                                          267.00                                
12.10.3 Stone mastic asphalt - 4cm m2 95.00                       351.46 33,388.70 1.97                                    187.31                                -                                          187.31                                

12.11 Providing and laying plant pre-mixed of bituminous mastic m3 0.07                         1,473.66 102.48 8.27                                    0.57                                    -                                          0.57                                    

12.12 Compaction of back fill around the structures with suitable excavated material 
around the structure

12.12.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
12.12.2 Backfill m3 314.16                     1,342.00 421,602.72 7.53                                    2,365.23                             -                                          2,365.23                             

12.13 Providing and fixing 150mm diameter PVC pipe for surface drainage Rm 7.50                         2,075.16 15,563.70 11.64                                  87.31                                  -                                          87.31                                  
12.14 Providing and installing drainage pots for surface drainage No. 3.00                         15,000.00 45,000.00 84.15                                  252.45                                -                                          252.45                                
12.15 Providing and installing ground wire for electric devices Rm 100.00                     569.92 56,992.00 3.20                                    319.73                                -                                          319.73                                

13 Bridge d-s confluence along Access Road from Jalkot to Lower Spat Gah Headworks 124,439,270 698,117 - 698,117

13.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

13.1.1 clearing & grubbing m3 59.14                       44.50 2,631.92 0.25                                    14.77                                  -                                          14.77                                  
13.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             
13.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                
13.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

13.2 Providing and placing lining concrete (21 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

13.2.1 Lining concrete m3 19.77                       3,030.03 59,897.12 17.00                                  336.03                                -                                          336.03                                
13.2.2 Leveling concrete m3 12.58                       16,225.00 204,092.85 91.02                                  1,144.98                             -                                          1,144.98                             

13.3 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

13.3.1 Normal concrete m3 776.20                     30,368.00 23,571,607.13 170.37                                132,239.03                         -                                          132,239.03                         
13.3.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           
13.3.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           
13.3.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             
13.3.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             
13.3.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           
13.3.1.6 Site concrete m3 38.11                       30,368.00 1,157,233.98 170.37                                6,492.20                             -                                          6,492.20                             
13.3.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

13.3.2 Precast concrete m3 19.92                       30,368.00 604,866.79 170.37                                3,393.36                             -                                          3,393.36                             
13.3.2.1 Slabs m3 19.92                       37,670.00 750,307.29 211.33                                4,209.30                             -                                          4,209.30                             

13.4 Providing and placing reinforced cement concrete (30MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

13.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
13.4.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

13.5
Providing, casting and launching in position prestressed concrete girders (35MPa 
cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer Girder - 19m Long

m3 75.90                       60,027.00 4,555,869.22 336.76                                25,558.87                           -                                          25,558.87                           

13.6
Providing, fabricating, securing and fixing in position mild steel deformed bars of 
420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 170.34                     364,005.00 62,003,016.78 2,042.10                             347,843.01                         -                                          347,843.01                         

13.7
Furnishing and installing RC railing using concrete (21 MPa strength) concrete, 
including cost of all labour, material, reinforcement, and shuttering etc. 
completes as per drawings and specifications

Rm 70.00                       3,030.03 212,102.10 17.00                                  1,189.91                             -                                          1,189.91                             

13.8 Providing and constructing deformation joints as per relevant drawings details 
and specifications

Rm 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

13.9
Providing and fixing elastomeric bearing pads (320mm x 360mm x 100mm), 
including galvanized stell plate, cement mortar as shown on the drawing and as 
per specifications or as directed by the Engineer

No. 8.00                         4.09 32.72 0.02                                    0.18                                    -                                          0.18                                    

13.10
Providing and laying plant pre-mixed 80mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

13.10.1 Sealing layer - 0.5cm m2 135.00                     658.81 88,939.35 3.70                                    498.96                                -                                          498.96                                
13.10.2 Mastic asphalt - 3.5cm m2 135.00                     500.98 67,632.30 2.81                                    379.42                                -                                          379.42                                
13.10.3 Stone mastic asphalt - 4cm m2 135.00                     351.46 47,447.10 1.97                                    266.18                                -                                          266.18                                

13.11 Providing and laying plant pre-mixed of bituminous mastic m3 0.10                         1,473.66 145.63 8.27                                    0.82                                    -                                          0.82                                    

13.12 Compaction of back fill around the structures with suitable excavated material 
around the structure

13.12.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
13.12.2 Stones with edge length >1m under water m3 387.36                     2,691.58 1,042,610.43 15.10                                  5,849.15                             -                                          5,849.15                             

13.13 Providing and fixing 150mm diameter PVC pipe for surface drainage Rm 7.50                         1,375.00 10,312.50 7.71                                    57.85                                  -                                          57.85                                  
13.14 Providing and installing drainage pots for surface drainage No. 3.00                         37,670.00 113,010.00 211.33                                634.00                                -                                          634.00                                
13.15 Providing and installing ground wire for electric devices Rm 100.00                     569.92 56,992.00 3.20                                    319.73                                -                                          319.73                                

14 Bridge u-s confluence along Access Road from Jalkot to Lower Spat Gah Headworks 123,834,239 694,722 - 694,722

14.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

14.1.1 clearing & grubbing m3 59.14                       44.50 2,631.92 0.25                                    14.77                                  -                                          14.77                                  
14.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             
14.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                
14.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

14.2 Providing and placing lining concrete (21 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

14.2.1 Lining concrete m3 19.77                       21,522.00 425,443.28 120.74                                2,386.78                             -                                          2,386.78                             
14.2.2 Leveling concrete m3 12.58                       21,522.00 270,723.34 120.74                                1,518.78                             -                                          1,518.78                             
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14.3 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

14.3.1 Normal concrete m3 721.91                     30,368.00 21,923,027.99 170.37                                122,990.34                         -                                          122,990.34                         
14.3.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           
14.3.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           
14.3.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             
14.3.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             
14.3.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           
14.3.1.6 Site concrete m3 38.11                       30,368.00 1,157,233.98 170.37                                6,492.20                             -                                          6,492.20                             
14.3.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

14.3.2 Precast concrete -                                          -                                          -                                          -                                          
14.3.2.1 Slabs m3 19.92                       37,670.00 750,307.29 211.33                                4,209.30                             -                                          4,209.30                             

14.4 Providing and placing reinforced cement concrete (30MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

m3 33.95                       37,670.00 1,278,935.98 211.33                                7,174.96                             -                                          7,174.96                             

14.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
14.4.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

14.5
Providing, casting and launching in position prestressed concrete girders (35MPa 
cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer Girder - 19m Long

m3 75.90                       60,027.00 4,555,869.22 336.76                                25,558.87                           -                                          25,558.87                           

14.6
Providing, fabricating, securing and fixing in position mild steel deformed bars of 
420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 170.34                     364,005.00 62,003,016.78 2,042.10                             347,843.01                         -                                          347,843.01                         

14.7
Furnishing and installing RC railing using concrete (21 MPa strength) concrete, 
including cost of all labour, material, reinforcement, and shuttering etc. 
completes as per drawings and specifications

Rm 70.00                       3,030.03 212,102.10 17.00                                  1,189.91                             -                                          1,189.91                             

14.8 Providing and constructing deformation joints as per relevant drawings details 
and specifications

Rm 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

14.9
Providing and fixing elastomeric bearing pads (320mm x 360mm x 100mm), 
including galvanized stell plate, cement mortar as shown on the drawing and as 
per specifications or as directed by the Engineer

No. 8.00                         4.09 32.72 0.02                                    0.18                                    -                                          0.18                                    

14.10
Providing and laying plant pre-mixed 80mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

14.10.1 Sealing layer - 0.5cm m2 135.00                     658.81 88,939.35 3.70                                    498.96                                -                                          498.96                                

14.10.2 Mastic asphalt - 3.5cm m2 135.00                     500.98 67,632.30 2.81                                    379.42                                -                                          379.42                                
14.10.3 Stone mastic asphalt - 4cm m2 135.00                     351.46 47,447.10 1.97                                    266.18                                -                                          266.18                                

14.11 Providing and laying plant pre-mixed of bituminous mastic m3 0.10                         2,094.15 206.94 11.75                                  1.16                                    -                                          1.16                                    

14.12 Compaction of back fill around the structures with suitable excavated material 
around the structure

14.12.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
14.12.2 Stones with edge length >1m under water m3 387.36                     2,691.58 1,042,610.43 15.10                                  5,849.15                             -                                          5,849.15                             

14.13 Providing and fixing 150mm diameter PVC pipe for surface drainage Rm 7.50                         2,075.16 15,563.70 11.64                                  87.31                                  -                                          87.31                                  
14.14 Providing and installing drainage pots for surface drainage No. 3.00                         15,000.00 45,000.00 84.15                                  252.45                                -                                          252.45                                
14.15 Providing and installing ground wire for electric devices Rm 100.00                     569.92 56,992.00 3.20                                    319.73                                -                                          319.73                                

15
Khudli Bridge along Access Road from Jalkot to Lower Spat Gah 
Headworks

123,159,963 690,939 - 690,939

15.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

15.1.1 clearing & grubbing m3 59.14                       44.50 2,631.92 0.25                                    14.77                                  -                                          14.77                                  
15.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             
15.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                
15.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

15.2 Compaction of back fill around the structures with suitable excavated material 
around the structure

15.2.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
15.2.2 Stones with edge length >1m under water m3 387.36                     2,691.58 1,042,610.43 15.10                                  5,849.15                             -                                          5,849.15                             

15.3 Providing and placing lining concrete (21 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

15.3.1 Lining concrete m3 19.77                       21,522.00 425,443.28 120.74                                2,386.78                             -                                          2,386.78                             
15.3.2 Leveling concrete m3 12.58                       21,522.00 270,723.34 120.74                                1,518.78                             -                                          1,518.78                             

15.4 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

15.4.1 Normal concrete m3 721.91                     30,368.00 21,923,027.99 170.37                                122,990.34                         -                                          122,990.34                         
15.4.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           
15.4.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           
15.4.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             
15.4.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             
15.4.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           
15.4.1.6 Site concrete m3 38.11                       30,368.00 1,157,233.98 170.37                                6,492.20                             -                                          6,492.20                             
15.4.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

15.4.2 Precast concrete m3 19.92                       30,368.00 604,866.79 170.37                                3,393.36                             -                                          3,393.36                             
15.4.2.1 Slabs m3 19.92                       37,670.00 750,307.29 211.33                                4,209.30                             -                                          4,209.30                             

15.5 Providing and placing reinforced cement concrete (30MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

15.5.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
15.5.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

15.6
Providing, casting and launching in position prestressed concrete girders (35MPa 
cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer Girder - 19m Long

m3 75.90                       60,027.00 4,555,869.22 336.76                                25,558.87                           -                                          25,558.87                           

15.7
Providing, fabricating, securing and fixing in position mild steel deformed bars of 
420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 170.34                     364,005.00 62,003,016.78 2,042.10                             347,843.01                         -                                          347,843.01                         

15.8
Furnishing and installing RC railing using concrete (21 MPa strength) concrete, 
including cost of all labour, material, reinforcement, and shuttering etc. 
completes as per drawings and specifications

Rm 70.00                       3,030.03 212,102.10 17.00                                  1,189.91                             -                                          1,189.91                             

15.9 Providing and constructing deformation joints as per relevant drawings details 
and specifications

Rm 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

15.10
Providing and fixing elastomeric bearing pads (320mm x 360mm x 100mm), 
including galvanized stell plate, cement mortar as shown on the drawing and as 
per specifications or as directed by the Engineer

No. 8.00                         4.09 32.72 0.02                                    0.18                                    -                                          0.18                                    

15.11
Providing and laying plant pre-mixed 80mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

15.11.1 Sealing layer - 0.5cm m2 135.00                     658.81 88,939.35 3.70                                    498.96                                -                                          498.96                                
15.11.2 Mastic asphalt - 3.5cm m2 135.00                     500.98 67,632.30 2.81                                    379.42                                -                                          379.42                                
15.11.3 Stone mastic asphalt - 4cm m2 135.00                     351.46 47,447.10 1.97                                    266.18                                -                                          266.18                                

15.12 Providing and laying plant pre-mixed of bituminous mastic m3 0.10                         1.31 0.13 0.01                                    0.00                                    -                                          0.00                                    
15.13 Providing and fixing 150mm diameter PVC pipe for surface drainage Rm 7.50                         2,075.16 15,563.70 11.64                                  87.31                                  -                                          87.31                                  
15.14 Providing and installing drainage pots for surface drainage No. 3.00                         15,000.00 45,000.00 84.15                                  252.45                                -                                          252.45                                
15.15 Providing and installing ground wire for electric devices Rm 100.00                     569.92 56,992.00 3.20                                    319.73                                -                                          319.73                                

16 Khel Bhek Bridge along Access Road from Jalkot to Lower Spat Gah Headworks 114,795,223 644,012 - 644,012

16.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

16.1.1 clearing & grubbing m3 59.14                       44.50 2,631.92 0.25                                    14.77                                  -                                          14.77                                  
16.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             
16.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                
16.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

16.2 Providing and placing lining concrete (21 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

16.2.1 Lining concrete m3 19.77                       21,522.00 425,443.28 120.74                                2,386.78                             -                                          2,386.78                             
16.2.2 Leveling concrete m3 12.58                       21,522.00 270,723.34 120.74                                1,518.78                             -                                          1,518.78                             

16.3 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

16.3.1 Normal concrete m3 705.45                     30,368.00 21,422,983.64 170.37                                120,185.04                         -                                          120,185.04                         
16.3.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           
16.3.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           
16.3.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             
16.3.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             
16.3.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           
16.3.1.6 Site concrete m3 21.64                       30,368.00 657,189.64 170.37                                3,686.90                             -                                          3,686.90                             
16.3.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

16.3.2 Precast concrete
16.3.2.1 Slabs m3 11.07                       37,670.00 416,837.39 211.33                                2,338.50                             -                                          2,338.50                             

16.4 Providing and placing reinforced cement concrete (30MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

16.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             
16.4.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

16.5
Providing, casting and launching in position prestressed concrete girders (35MPa 
cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer Girder - 19m Long

m3 42.17                       60,027.00 2,531,038.46 336.76                                14,199.37                           -                                          14,199.37                           

16.6
Providing, fabricating, securing and fixing in position mild steel deformed bars of 
420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 158.53                     364,005.00 57,704,076.96 2,042.10                             323,725.54                         -                                          323,725.54                         

16.7
Furnishing and installing RC railing using concrete (21 MPa strength) concrete, 
including cost of all labour, material, reinforcement, and shuttering etc. 
completes as per drawings and specifications

Rm 46.00                       3,030.03 139,381.38 17.00                                  781.94                                -                                          781.94                                

16.8 Providing and constructing deformation joints as per relevant drawings details 
and specifications

Rm 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

16.9
Providing and fixing elastomeric bearing pads (320mm x 360mm x 100mm), 
including galvanized stell plate, cement mortar as shown on the drawing and as 
per specifications or as directed by the Engineer

No. 8.00                         47,116.80 376,934.40 264.33                                2,114.64                             -                                          2,114.64                             

16.10
Providing and laying plant pre-mixed 80mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

16.10.1 Sealing layer - 0.5cm m2 75.00                       658.81 49,410.75 3.70                                    277.20                                -                                          277.20                                
16.10.2 Mastic asphalt - 3.5cm m2 75.00                       500.98 37,573.50 2.81                                    210.79                                -                                          210.79                                
16.10.3 Stone mastic asphalt - 4cm m2 75.00                       351.46 26,359.50 1.97                                    147.88                                -                                          147.88                                

16.11 Providing and laying plant pre-mixed of bituminous mastic m3 0.05                         1,162.06 63.80 6.52                                    0.36                                    -                                          0.36                                    

16.12
Comaction of black fill around the structures with suitable excavated material 
around the structure in 150mm layers and density of soil must be 90% of 
maximum modified Proctor dry density

16.12.1 Backfill m3 926.80                     1,342.00 1,243,761.31 7.53                                    6,977.62                             -                                          6,977.62                             
16.12.2 Stones with edge length >1m under water m3 271.36                     2,691.58 730,387.15 15.10                                  4,097.54                             -                                          4,097.54                             

16.13 Providing and fixing 150mm diameter PVC pipe for surface drainage Rm 7.50                         1,556.37 11,672.78 8.73                                    65.49                                  -                                          65.49                                  
16.14 Providing and installing drainage pots for surface drainage No. 3.00                         15,000.00 45,000.00 84.15                                  252.45                                -                                          252.45                                
16.15 Providing and installing ground wire for electric devices Rm 100.00                     569.92 56,992.00 3.20                                    319.73                                -                                          319.73                                

17 Construction Road to Spat Gah Headworks Right Bank 1,132,396,046 6,352,853 - 6,352,853

17.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

17.1.1 Clearing & grubbing m3 34,427.32                44.50 1,532,015.66 0.25 8,594.76 -                                          8,594.76
17.1.2 Loose excavation m3 15,492.29                2,364.00 36,623,781.01 13.26 205,463.01 -                                          205,463.01
17.1.3 Ripping excavation m3 20,656.39                577.00 11,918,737.53 3.24 66,865.29 -                                          66,865.29
17.1.4 Blasting excavation m3 61,969.17                5,346.00 331,287,196.78 29.99 1,858,553.70 -                                          1,858,553.70
17.1.5 Soil disposal (hauling distance 0.48 km) m3 133,867.54              342.00 45,782,698.90 1.92 256,845.44 -                                          256,845.44

17.2 Compaction of back fill around the structures with suitable material
17.2.1 15 cm field sod/ top soil + seeding m3 2,700.00                  1,341.45 3,621,915.00 7.53 20,319.30 -                                          20,319.30
17.2.2 60 cm riprap handplaced/ river bank protection m3 270.00                     3,558.45 960,781.50 19.96 5,390.08 -                                          5,390.08
17.2.3 Filling random material m3 399.00                     1,342.00 535,458.00 7.53 3,003.97 -                                          3,003.97
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17.3 Removing trees operation
17.3.1 Trees 150-300 mm girth No. 20.00                       618.96 12,379.20 3.47 69.45 -                                          69.45
17.3.2 Trees 300-600 mm girth No. 10.00                       3,044.67 30,446.70 17.08 170.81 -                                          170.81

17.4 Providing and laying cement stabilised base

17.4.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density m3 155.77                     22,623.08 4,088,632.50 126.92 22,937.63 -                                          22,937.63

17.5 Providing and placing base and sub-base course
17.5.1 15 cm thick granular base course m3 458.88                     2,980.48 1,367,688.62 16.72 7,672.87 -                                          7,672.87

17.5.2 20 cm thick sub-base course m3 659.10                     2,251.41 1,483,913.34 12.63 8,324.90 -                                          8,324.90
17.6 Providing and placing lining concrete (16 MPa cylinder strength)

17.6.1 Using ordinary portland cement as per drawings and specifications m3 -                              -                                          -                                          -                                          -                                          -                                          
17.7 Providing and placing shotcrete (21 MPa cylinder strength)

17.7.1 Using ordinary portland cement as per drawings and specifications m3 492.93                     98,956.00 48,777,908.13 555.15 273,648.85 -                                          273,648.85
17.8 Providing and placing wire mesh

17.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 55.80                       331,200.00 18,481,119.84 1,858.06 103,680.90 -                                          103,680.90

17.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

17.9.1 Maintenance opening every 200 m for drainage pcs 2.40                         15,000.00 35,925.00 84.15 201.54 -                                          201.54
17.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 479.00                     2,075.16 994,001.64 11.64 5,576.45 -                                          5,576.45
17.9.3 Ø150 mm diameter PVC pipe >3% slope m -                                          -                                          -                                          -                                          

17.10 Providing and placing sand
17.10.1 0.73 m each layer m3 -                              1,328.38 -                                          7.45                                    -                                          -                                          -                                          

17.11 Providing and placing twist hexagonal woven wire mesh
17.11.1 Wire mesh Ø3.70 mm ton -                              -                                          -                                          -                                          -                                          -                                          

17.12 Providing and placing steel wire mesh for gabion
17.12.1 For gabion kg 1,815.25                  331,200.00 601,210,800.00 1,858.06                             3,372,851.61                       -                                          3,372,851.61                       

17.13 Providing and placing gabion
17.13.1 Gabion (1.5m x 1m x 1m) m3 262.50                     2,602.04 683,035.50 14.60                                  3,831.90                             -                                          3,831.90                             

17.13.2 Gabion (3m x 1m x 1m) m3 150.00                     2,602.04 390,306.00 14.60                                  2,189.65                             -                                          2,189.65                             

17.13.3 Gabion (2m x 1m x 1m) m3 200.00                     2,602.04 520,408.00 14.60                                  2,919.54                             -                                          2,919.54                             

17.13.4 Gabion (4m x 1m x 1m) m3 400.00                     2,602.04 1,040,816.00 14.60                                  5,839.08                             -                                          5,839.08                             

17.13.5 Gabion (6m x 1m x 1m) m3 450.00                     2,602.04 1,170,918.00 14.60                                  6,568.96                             -                                          6,568.96                             
17.14 Providing and placing drainage gravel

17.14.1 Gravel m3 -                              -                                          -                                          -                                          -                                          -                                          
17.15 Providing and placing stone for the cut slope

17.15.1 Stone m3 -                              -                                          -                                          -                                          -                                          -                                          
17.16 Providing and placing geotextile to the wall

17.16.1 Geotextile m2 699.06                     124.13 86,774.18 0.70                                    486.81                                -                                          486.81                                
17.17 Providing and placing drainage pipe for the cut slope

17.17.1 Perforated PVC pipe and geotextile pipe L=4.50 m No. -                              -                                          -                                          -                                          -                                          -                                          

17.17.2 Unperforated drainage pipe L=1.00 m No. -                              -                                          -                                          -                                          -                                          -                                          

17.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. 124.08                     7,667.29 951,356.85 43.01                                  5,337.21                             -                                          5,337.21                             

17.17.4 Unperforated drainage pipe L=0.70 m No. 124.08                     1,452.61 180,240.10 8.15                                    1,011.16                             -                                          1,011.16                             
17.18 Providing and placing rockbolting for the cut slope

17.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 781.14                     530.41 414,322.66 2.98                                    2,324.39                             -                                          2,324.39                             

17.18.2 Nut M25 + washer No. 781.14                     152.18 118,877.01 0.85                                    666.91                                -                                          666.91                                

17.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 781.14                     7,226.03 5,644,542.64 40.54                                  31,666.44                           -                                          31,666.44                           
17.19 Providing and placing soil nails for the cut slope

17.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. -                              -                                          -                                          -                                          -                                          -                                          

17.19.2 Nut M25 + washer No. -                              -                                          -                                          -                                          -                                          -                                          

17.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. -                              -                                          -                                          -                                          -                                          -                                          

17.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. -                              -                                          -                                          -                                          -                                          -                                          
17.20 Providing and placing guard rail

17.20.1 Guard rail left side m 20.00                       64,657.00 1,293,140.08 362.73                                7,254.64                             -                                          7,254.64                             

17.20.2 Guard rail right side m 30.00                       64,657.00 1,939,710.12 362.73                                10,881.96                           -                                          10,881.96                           
17.21 Rockfall barrier

17.21.1 Barrier m -                              -                                          -                                          -                                          -                                          -                                          
17.22 Providing and placing culverts

17.22.1 Pipe culvert type 1 No. -                              -                                          -                                          -                                          -                                          -                                          

17.22.2 Pipe culvert type 2 No. -                              -                                          -                                          -                                          -                                          -                                          
17.23 Providing and placing PVC cross pipes

17.23.1 PVC cross pipes No. -                              -                                          -                                          -                                          -                                          -                                          
17.24 Providing and placing traffic sign

17.24.1 Traffic sign No. 7.00                         53,320.95 373,246.65 299.14                                2,093.95                             -                                          2,093.95                             
17.25 Providing and placing posts to guide the snow clearing devices

17.25.1 3 m high wooden posts, placed every 10 m No. 47.00                       10,000.00 470,000.00 56.10                                  2,636.75                             -                                          2,636.75                             
17.26 Slope protection to prevent corrosion m² 1,298.09                  6,450.21 8,372,953.10 36.19                                  46,973.09                           -                                          46,973.09                           

18 Access Road to Gabarband Crossing 1,047,819,287 5,878,369 - 5,878,369

18.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

18.1.1 Clearing & grubbing m2 54,871.66                44.50 2,441,788.87 0.25                                    13,698.68                           -                                          13,698.68                           

18.1.2 Loose excavation m3 24,692.25                2,364.00 58,372,471.89 13.26                                  327,475.30                         -                                          327,475.30                         

18.1.3 Ripping excavation m3 32,923.00                577.00 18,996,568.69 3.24                                    106,572.62                         -                                          106,572.62                         

18.1.4 Blasting excavation m3 98,768.99                5,346.00 528,019,009.72 29.99                                  2,962,238.48                       -                                          2,962,238.48                       

18.1.5 Soil disposal (hauling distance 2.75 km) m³ 212,475.06              465.41 98,888,019.51 2.61                                    554,771.50                         -                                          554,771.50                         
18.2 Compaction of back fill around the structures with suitable material

18.2.1 15 cm field sod/ top soil + seeding m3 15,125.00                1,341.45 20,289,431.25                     7.53                                    113,825.70                         -                                          113,825.70                         

18.2.2 60 cm riprap handplaced/ river bank protection m3 10,000.00                3,558.45 35,584,500.00 19.96                                  199,632.54                         -                                          199,632.54                         

18.2.3 Filling random material m3 1,524.41                  1,342.00 2,045,758.22 7.53                                    11,476.90                           -                                          11,476.90                           
18.3 Removing trees operation

18.3.1 Trees 150-300 mm girth No. 105.88                     618.96 65,535.54 3.47                                    367.66                                -                                          367.66                                

18.3.2 Trees 300-600 mm girth No. 45.38                       30,446.70 1,381,585.33 170.81                                7,750.83                             -                                          7,750.83                             
18.4 Providing and laying cement stabilised base

18.4.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 894.34                     22,623.08 23,474,486.57 126.92                                131,694.17 -                                          131,694.17                         

18.5 Providing and placing base and sub-base course
18.5.1 15 cm thick granular base course m3 2,634.63                  2,980.48 7,852,451.46 16.72                                  44,053.02                           -                                          44,053.02                           

18.5.2 20 cm thick sub-base course m3 3,784.18                  2,251.41 8,519,744.37 12.63                                  47,796.60                           -                                          47,796.60                           
18.6 Providing and placing lining concrete (16 MPa cylinder strength)

18.6.1 Using ordinary portland cement as per drawings and specifications m3 -                              -                                          -                                          -                                          -                                          -                                          
18.7 Providing and placing shotcrete (21 MPa cylinder strength) -                                          -                                          -                                          -                                          

18.7.1 Using ordinary portland cement as per drawings and specifications m3 2,600.49                  12,801.51 33,290,200.32                     71.82                                  186,761.29                         -                                          186,761.29                         
18.8 Providing and placing wire mesh

18.8.1 Wire mesh  Ø5 mm, 100 mm x 100 mm, surface application ton 298.76                     331,200.00 98,950,777.13                     1,858.06                             555,123.57                         -                                          555,123.57                         

18.9 Providing and fixing 150 mm diameter PVC pipe >3% slope and maintenance 
opening every 200 m for drainage

18.9.1 Maintenance opening every 200 m for drainage pcs 13.75                       15,000.00 206,259.90 84.15                                  1,157.14                             -                                          1,157.14                             

18.9.2 Ø150 mm PVC pipe >3% slope and maintenance opening every 200 m for drainage m 2,750.13                  2,075.16 5,706,963.92 11.64                                  32,016.63                           -                                          32,016.63                           

18.9.3 Ø150 mm diameter PVC pipe >3% slope m -                              -                                          -                                          -                                          -                                          -                                          
18.10 Providing and placing sand

18.10.1 0.73 m each layer m3 -                              -                                          -                                          -                                          -                                          -                                          
18.11 Providing and placing twist hexagonal woven wire mesh

18.11.1 Wire mesh Ø3.70 mm ton -                              -                                          -                                          -                                          -                                          -                                          
18.12 Providing and placing steel wire mesh for gabion

18.12.1 For gabion kg 1,788.75                  570.75 1,020,929.06 3.20                                    5,727.51                             -                                          5,727.51                             
18.13 Providing and placing gabion

18.13.1 Gabion (1.5m x 1m x 1m) m3 675.00                     2,602.04 1,756,377.00 14.60                                  9,853.45                             -                                          9,853.45                             

18.13.2 Gabion (3m x 1m x 1m) m3 675.00                     2,602.04 1,756,377.00 14.60                                  9,853.45                             -                                          9,853.45                             

18.13.3 Gabion (2m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          

18.13.4 Gabion (4m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          

18.13.5 Gabion (6m x 1m x 1m) m3 -                              -                                          -                                          -                                          -                                          -                                          
18.14 Providing and placing drainage gravel

18.14.1 Gravel m3 -                              -                                          -                                          -                                          -                                          -                                          
18.15 Providing and placing stone for the cut slope

18.15.1 Stone m3 -                              -                                          -                                          -                                          -                                          -                                          
18.16 Providing and placing geotextile to the wall

18.16.1 Geotextile m2 842.65                     124.13 104,597.76 0.70                                    586.80                                -                                          586.80                                
18.17 Providing and placing drainage pipe for the cut slope

18.17.1 Perforated PVC pipe and geotextile pipe L=4.50 m No. 476.00                     11,500.93 5,474,442.20 64.52                                  30,712.16                           -                                          30,712.16                           

18.17.2 Unperforated drainage pipe L=1.00 m No. 476.00                     2,075.16 987,776.16 11.64                                  5,541.52                             -                                          5,541.52                             

18.17.3 Perforated PVC pipe and geotextile pipe L=3.00 m No. 393.39                     7,667.29 3,016,233.64 43.01                                  16,921.37                           -                                          16,921.37                           

18.17.4 Unperforated drainage pipe L=0.70 m No. 393.39                     2,075.16 816,347.19 11.64                                  4,579.79                             -                                          4,579.79                             
18.18 Providing and placing rockbolting for the cut slope

18.18.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 1,663.80                  530.41 882,492.30 2.98                                    4,950.87                             -                                          4,950.87                             

18.18.2 Nut M25 + washer No. 1,663.80                  152.18 253,203.74 0.85                                    1,420.50                             -                                          1,420.50                             

18.18.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 1,663.80                  5,419.52 9,017,004.03 30.40                                  50,586.28                           -                                          50,586.28                           
18.19 Providing and placing soil nails for the cut slope

18.19.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 1,996.00                  530.41 1,058,693.73 2.98                                    5,939.38                             -                                          5,939.38                             

18.19.2 Nut M25 + washer No. 1,996.00                  152.18 303,759.26 0.85                                    1,704.12                             -                                          1,704.12                             

18.19.3 Fully grouted rockbolt Ø25 mm, L=4-8 m No. 1,240.00                  5,419.52 6,720,209.76 30.40                                  37,701.04                           -                                          37,701.04                           

18.19.4 Fully grouted rockbolt Ø25 mm, L=4-16 m No. 756.00                     9,032.54 6,828,600.24 50.67                                  38,309.12                           -                                          38,309.12                           
18.20 Providing and placing guard rail

18.20.1 Guard rail left side m 410.00                     64,657.00 26,509,371.64 362.73                                148,720.18                         -                                          148,720.18                         

18.20.2 Guard rail right side m 25.00                       64,657.00 1,616,425.10 362.73                                9,068.30                             -                                          9,068.30                             
18.21 Rockfall barrier

18.21.1 Barrier m 650.00                     9,604.73 6,243,074.50 53.88                                  35,024.26                           -                                          35,024.26                           
18.22 Providing and placing culverts

18.22.1 Pipe culvert type 1 No. 1.00                         52,142.50 52,142.50 292.52                                292.52                                -                                          292.52                                

18.22.2 Pipe culvert type 2 No. -                              -                                          -                                          -                                          -                                          -                                          
18.23 Providing and placing PVC cross pipes

18.23.1 PVC cross pipes No. 10.00                       2,075.16 20,751.60 11.64                                  116.42                                -                                          116.42                                
18.24 Providing and placing traffic sign

18.24.1 Traffic sign No. 13.00                       53,320.95 693,172.35 299.14                                3,888.76                             -                                          3,888.76                             
18.25 Providing and placing posts to guide the snow clearing devices

18.25.1 3 m high wooden posts, placed every 10 m No. 208.11                     10,000.00 2,081,132.00 56.10                                  11,675.35                           -                                          11,675.35                           
18.26 Slope protection to prevent corrosion m² 7,452.86                  3,558.45 26,520,621.55                     19.96                                  148,783.29                         -                                          148,783.29                         

19 Culverts along of Access Road to Gabarband Crossing 1,150,370 6,454 - 6,454

19.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

19.1.1 Clearing & grubbing m2 9.36                         44.50 416.37 0.25                                    2.34                                    -                                          2.34                                    

19.1.2 Loose excavation m3 4.21                         2,364.00 9,953.62 13.26                                  55.84                                  -                                          55.84                                  

19.1.3 Ripping excavation m3 5.61                         577.00 3,239.28 3.24                                    18.17                                  -                                          18.17                                  

19.1.4 Blasting excavation m3 16.84                       5,346.00 90,037.33 29.99                                  505.12                                -                                          505.12                                
19.2 Providing and placing cast in-situ concrete (21 MPa cylinder strength) 

19.2.1 Using ordinary portland cement as per drawings and specifications m3 14.34                       30,368.00 435,417.30 170.37                                2,442.73                             -                                          2,442.73                             

19.3 Providing and placing Pre-cast unreinforced concrete pipe (28 MPa cylinder 
strength) 

19.3.1 Using ordinary portland cement as per drawings and specifications m3 2.58                         37,669.00 97,247.50 211.33                                545.57                                -                                          545.57                                
19.4 Providing and placing lean concrete (16 MPa cylinder strength) 

19.4.1 Using ordinary portland cement as per drawings and specifications m3 1.83                         21,522.00 39,406.78 120.74                                221.08                                -                                          221.08                                
19.5 Providing and placing riprap at the exit of culvert

19.5.1 Riprap m3 14.35                       3,558.45 51,063.76 19.96                                  286.47                                -                                          286.47                                
19.6 Providing, fabricating, securing and fixing in position mild steel deformed bars

19.6.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 1.10                         364,005.00 400,405.50 2,042.10                             2,246.31                             -                                          2,246.31                             

19.7 Providing and laying cement stabilised base

19.7.1
Providing and laying plant 60 mm thick cement stabilised base, including compaction 
and finishing to required camber, grade and density

m3 0.52                         22,623.08 13,657.23 126.92                                76.62 -                                          76.62                                  
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Bill of Quantities
Infrastructure and Road Works

UNIT PRICE
(PKR)

AMOUNT
(PKR)

UNIT PRICE
(Eq. USD)

AMOUNT
(Eq. USD)

UNIT PRICE
(USD)

 AMOUNT
(USD) 

DESCRIPTION UNIT QUANTITY

ESTIMATE

LCC
TOTAL AMOUNT

LCC + FCC 
(USD)

FCC
No.

19.8 Providing and placing base and sub-base course
19.8.1 15 cm thick granular base course m3 1.53                         2,980.48 4,568.48 16.72                                  25.63                                  -                                          25.63                                  

19.8.2 20 cm thick sub base course m3 2.20                         2,251.41 4,956.70 12.63                                  27.81                                  -                                          27.81                                  

20 Tunnels along Access Road to Gabarband Crossing 1,208,254,644 6,778,427 - 6,778,427

20.1 Unclassified excavation for structures and disposal of surplus material at 
designated locations and dressing of spoil material

20.1.1 Clearing & grubbing m3 11,527.43                44.50 512,970.41 0.25                                    2,877.81                             -                                          2,877.81                             

20.1.2 Loose excavation m3 23,054.85                2,364.00 54,501,665.40 13.26                                  305,759.69                         -                                          305,759.69                         

20.1.3 Ripping excavation m3 34,582.28                577.00 19,953,972.68 3.24                                    111,943.75                         -                                          111,943.75                         

20.1.4 Blasting excavation m3 161,383.95              5,346.00 862,758,596.70 29.99                                  4,840,160.43                       -                                          4,840,160.43                       
20.2 Providing and placing reinforce concrete (21 MPa cylinder strength) 

20.2.1 Using ordinary portland cement as per drawings and specifications m3 1,567.80                  30,368.00 47,610,950.40 170.37                                267,102.11                         -                                          267,102.11                         
20.3 Providing and placing shotcrete (21 MPa cylinder strength) -                                          -                                          -                                          -                                          

20.3.1 Using ordinary portland cement as per drawings and specifications m3 1,532.70                  30,368.00 46,545,033.60 170.37                                261,122.21                         -                                          261,122.21                         
20.4 Providing, fabricating, securing and fixing in position mild steel deformed bars

20.4.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 313.56                     364,005.00 114,137,407.80 2,042.10                             640,322.06                         -                                          640,322.06                         

20.4.2 Wire mesh  Ø5 mm ton 32.56                       331,200.00 10,783,208.47 1,858.06                             60,494.86                           -                                          60,494.86                           
20.5 Providing and fixing 200 mm diameter PVC pipe for surface drainage

20.5.1 PVC pipes m 585.00                     2,075.16 1,213,968.60 11.64                                  6,810.48                             -                                          6,810.48                             
20.6 Providing and installing ground wire for electric devices

20.6.1 Fiber Optic m 1,170.00                  1,230.18 1,439,310.60 6.90                                    8,074.67                             -                                          8,074.67                             

20.6.2 8'' 11kV m 1,170.00                  5,495.00 6,429,150.00 30.83                                  36,068.16                           -                                          36,068.16                           

20.6.3 6'' 400V m 585.00                     3,474.00 2,032,290.00 19.49                                  11,401.35                           -                                          11,401.35                           

20.6.4 6'' spare m 585.00                     3,474.00 2,032,290.00 19.49                                  11,401.35                           -                                          11,401.35                           

20.6.5 2'' spare m 585.00                     44.16 25,833.60 0.25                                    144.93                                -                                          144.93                                
20.7 Providing and placing lighting

20.7.1 Lighting No 290.00                     15,000.00 4,350,000.00 84.15                                  24,403.93                           -                                          24,403.93                           
20.8 Providing and placing rockbolting for the tunnel

20.8.1 Steel plate, anchor plate (150 mm x 150 mm x 10 mm) No. 4,290.00                  530.41 2,275,448.95 2.98                                    12,765.49                           -                                          12,765.49                           

20.8.2 Nut M25 + washer No. 4,290.00                  152.18 652,869.36 0.85                                    3,662.66                             -                                          3,662.66                             

20.8.3 Fully grouted rockbolt Ø25 mm, L=3 m No. 4,290.00                  7,226.03 30,999,677.28 40.54                                  173,911.23                         -                                          173,911.23                         

21 Bridge along Access Road to Gabarband Crossing 135,184,206 758,397 - 758,397

21.1 Unclassified excavation for foundation of structures and disposal of surplus 
material at designated locations and dressing of spoil material

21.1.1 Clearing & grubbing m2 394.30                     44.50 17,546.14 0.25                                    98.44                                  -                                          98.44                                  

21.1.2 Loose excavation m3 177.43                     2,364.00 419,451.23 13.26                                  2,353.16                             -                                          2,353.16                             

21.1.3 Ripping excavation m3 236.58                     577.00 136,505.00 3.24                                    765.81                                -                                          765.81                                

21.1.4 Blasting excavation m3 709.73                     5,346.00 3,794,223.85 29.99                                  21,285.97                           -                                          21,285.97                           

21.2 Providing and placing lining concrete (16 MPa cylinder strength) using ordinary 
portland cement as per drawings and specifications

21.2.1 Lining concrete m3 19.77                       16,225.00 320,733.07 91.02                                  1,799.34                             -                                          1,799.34                             

21.2.2 Levelling concrete m3 12.58                       16,225.00 204,092.85 91.02                                  1,144.98                             -                                          1,144.98                             

21.3 Providing and placing reinforced cement concrete (21MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

21.3.1 Normal concrete
21.3.1.1 Abutment footing m3 252.28                     30,368.00 7,661,178.30 170.37                                42,979.96                           -                                          42,979.96                           

21.3.1.2 Head wall m3 123.85                     30,368.00 3,761,161.83 170.37                                21,100.49                           -                                          21,100.49                           

21.3.1.3 Cross beam m3 18.39                       30,368.00 558,406.78 170.37                                3,132.72                             -                                          3,132.72                             

21.3.1.4 Approach slab m3 37.92                       30,368.00 1,151,442.93 170.37                                6,459.71                             -                                          6,459.71                             

21.3.1.5 Wing wall m3 251.37                     30,368.00 7,633,604.16 170.37                                42,825.27                           -                                          42,825.27                           

21.3.1.6 Site concrete m3 113.85                     30,368.00 3,457,437.98 170.37                                19,396.57                           -                                          19,396.57                           

21.3.1.7 Pile foundation m³ 54.29                       30,368.00 1,648,579.14 170.37                                9,248.69                             -                                          9,248.69                             

21.3.2 Precast concrete
21.3.2.1 Slabs m3 60.64                       37,670.00 2,284,268.87 211.33                                12,814.97                           -                                          12,814.97                           

21.4 Providing and placing reinforced cement concrete (28 MPa cylinder strength) 
using ordinary portland cement as per drawings and specifications

21.4.1 Pier crosshead m3 33.77                       37,670.00 1,272,042.37 211.33                                7,136.28                             -                                          7,136.28                             

21.4.2 Bearing seat m3 0.18                         37,670.00 6,893.61 211.33                                38.67                                  -                                          38.67                                  

21.5
Providing, casting and launching in position prestressed concrete girders (35 
MPa cylinder strength) complete in all respects including post-tensioning, as per 
drawings, specifications and as directed by the Engineer

21.5.1 Girder 27m long m3 180.40                     60,027.00 10,828,870.80 336.76                                60,751.03                           -                                          60,751.03                           
21.6 Providing, fabricating, securing and fixing in position mild steel deformed bars 

21.6.1
Bars of 420 MPa yield strength for reinforced cement concrete including cutting, 
bending, binding, laying and securing in position, making joints and fastening

ton 224.66                     364,005.00 81,778,139.94 2,042.10                             458,783.39                         -                                          458,783.39                         

21.7 Furnishing and installing standart detail barrier

21.7.1
Using concrete (21 MPa strength) concrete, including cost of all labour, material, 
reinforcement, and shuttering etc. completes as per drawings and specifications

m 180.40                     30,368.00 5,478,387.20 170.37                                30,734.29                           -                                          30,734.29                           

21.8 Providing and constructing deformation joints
21.8.1 Joints as per relevant drawings details and specifications m 13.12                       45,981.14 603,272.56 257.96                                3,384.42                             -                                          3,384.42                             

21.9 Providing and fixing elastomeric bearing pads 

21.9.1
Bearing pads (320 mm x 360 mm x 100 mm), including galvanised stell plate, cement 
mortar as shown on the drawing and as per specifications or as directed by the 
Engineer

cm3 92,160.00                4.09 376,934.40 0.02                                    2,114.64                             -                                          2,114.64                             

21.10
Providing and laying plant pre-mixed 80 mm thick of asphaltic material, including 
compaction and finishing to required camber, grade and density including 
bituminous priming coat

21.10.1 Sealing layer - 0.5 cm m2 411.00                     658.81 270,770.91 3.70                                    1,519.05                             -                                          1,519.05                             

21.10.2 Mastic asphalt - 3.5 cm m2 411.00                     500.98 205,902.78 2.81                                    1,155.13                             -                                          1,155.13                             

21.10.3 Stone mastic asphalt - 4 cm m2 411.00                     351.46 144,450.06 1.97                                    810.38                                -                                          810.38                                
21.11 Providing and laying plant pre-mixed of bituminous mastic

21.11.1 Bituminous mastic m3 0.30                         6,357.48 1,912.66 35.67                                  10.73                                  -                                          10.73                                  

21.12 Compaction of back fill around the structures with suitable excavated material 
around the structure

21.12.1 Backfill m3 926.80                     226.70 210,104.83 1.27                                    1,178.71                             -                                          1,178.71                             

21.12.2 Stones with edge length >1 m under water m3 314.16                     2,691.58 845,586.77 15.10                                  4,743.82                             -                                          4,743.82                             
21.13 Providing and fixing 150 mm diameter PVC pipe for surface drainage

21.13.1 PVC pipes m 7.50                         1,375.00 10,312.50 7.71                                    57.85                                  -                                          57.85                                  
21.14 Providing and installing drainage pots for surface drainage -                                          -                                          -                                          -                                          

21.14.1 Drainage pots No. 3.00                         15,000.00 45,000.00                           84.15                                  252.45                                -                                          252.45                                
21.15 Providing and installing ground wire for electric devices

21.15.1 Ground wire m 100.00                     569.92 56,992.00                           3.20                                    319.73                                -                                          319.73                                

22 Contingencies 795,149,627 4,460,867 - 4,460,867

22.1.1. Contingency % 5% 795,149,627.21                   4,460,867.47                       
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Bill of Quantities
Civil Works

UNIT PRICE
(PKR)

AMOUNT
(PKR)

UNIT PRICE
(Eq. USD)

AMOUNT
(Eq. USD)

UNIT PRICE
(USD)

 AMOUNT
(USD) 

B CIVIL WORKS 65,335,460,022 366,538,345 38,423,402 404,961,747

11 Lower Spat Gah Headworks 24,919,702,667 139,801,978 1,693,267 141,495,245

11.1 General Construction 299,358,441 1,679,430 0 1,679,430
11.1.1 Cofferdams

11.1.1.1 Rockfill cofferdams m3 17,273.00 4,230.00 73,064,790 23.7 409,901 - 409,901
11.1.1.2 Clay blanketing cofferdams m3 4,297.00 2,188.84 9,405,435 12.3 52,765 - 52,765
11.1.1.3 Removal of cofferdams m3 21,570.00 1,106.95 23,876,804 6.2 133,951 - 133,951
11.1.1.4 Cut-off wall m3 2,865.50 49,880.00 142,931,140 279.8 801,858 - 801,858

11.1.2 Instrumentation
11.1.2.1 Control & Instrumentation LS 1 - - 0 - 0

11.1.3 Buildings
11.1.3.1 Control / Diesel Generator Building LS 1 5,000,000 - 28,050 - 28,050

11.1.4 Provisions
11.1.4.1 Provison cut-off wall cofferdams, consolidation grouting, and unbilled items % 20% 45,080,273 - 252,905 - 252,905

11.2 Dam 1,183,529,242 6,639,715 18,067 6,657,782
11.2.1 Surface Excavation

11.2.1.1 Clearing & grubbing m2 11,193.00 57.00 638,001 0.3 3,579 - 3,579

11.2.1.2 Loose excavation m3 33,915.00 2,364.00 80,175,060 13.3 449,790 - 449,790

11.2.1.3 Ripping excavation m3 2,119.70 577.00 1,223,067 3.2 6,862 - 6,862

11.2.1.4 Blasting excavation m3 6,359.10 6,682.00 42,491,506 37.5 238,382 - 238,382

11.2.2 Rock Stabilisation & Support

11.2.2.1 Shotcrete C20, surface application m3 80.51 98,956.00 7,967,032 555.2 44,696 - 44,696

11.2.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 805.11 - - - 22.4 18,067.0 18,067

11.2.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 2.48 468,000.00 1,160,640 2,625.5 6,511 - 6,511

11.2.2.4 Surface Drainage m 201.28 5,594.28 1,126,017 31.4 6,317 - 6,317
11.2.3 Drilling & Grouting

11.2.3.1 Consolidation grouting — drilling m 3,500.00 3,000.00 10,500,000 16.8 58,906 - 58,906

11.2.3.2 Consolidation grouting m3 140.00 154,205.00 21,588,700 865.1 121,115 - 121,115
11.2.3.3 Cut-off wall m2 1,175.00 49,880.00 58,609,000 279.8 328,802 - 328,802
11.2.3.4 Grout curtain - drilling m 896.00 3,000.00 2,688,000 16.8 15,080 - 15,080
11.2.3.5 Grout curtain m3 35.84 154,205.00 5,526,707 865.1 31,005 - 31,005

11.2.4 Rockfill Dam

11.2.4.1 Clay m3 40,561.00 2,188.84 88,781,438 12.3 498,073 - 498,073

11.2.4.2 Filter/Transition m3 31,910.00 6,626.58 211,454,168 37.2 1,186,279 - 1,186,279

11.2.4.3 Rockfill m3 100,353.00 4,230.00 424,493,190 23.7 2,381,448 - 2,381,448

11.2.4.4 Rip Rap m3 11,902.00 5,020.06 59,748,784 28.2 335,197 - 335,197

11.2.4.5 Asphalt Road m 151.00 25,549.00 3,857,899 143.3 21,643 - 21,643

11.2.5 Concrete & Reinforcement

11.2.5.1 Mass concrete C15 m3 63.00 29,736.00 1,873,368 166.8 10,510 - 10,510

11.2.5.2 Structural concrete C25 m3 2,390.00 37,669.00 90,028,910 211.3 505,071 - 505,071

11.2.5.3 Reinforcement t 191.20 364,005.00 69,597,756 2,042.1 390,450 - 390,450

11.3 Weir 5,064,737,695 28,413,676 0 28,413,676
11.3.1 Surface Excavation

11.3.1.1 Clearing & grubbing m2 9,616.00 57.00 548,112 0.3 3,075 - 3,075

11.3.1.2 Loose excavation m3 37,646.00 2,364.00 88,995,144 13.3 499,271 - 499,271

11.3.1.3 Ripping excavation m3 -                        - - - 0

11.3.1.4 Blasting excavation m3 -                        - - - 0

11.3.2 Rock Stabilisation & Support

11.3.2.1 Shotcrete C20, surface application m3 -                        - - - 0

11.3.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m -                        - - - 0

11.3.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t -                        - - - 0

11.3.2.4 Surface Drainage m -                        - - - 0

11.3.3 Drilling & Grouting - - - 

11.3.3.1 Consolidation grouting — drilling m 7,500.00 3,000.00 22,500,000 16.8 126,227 - 126,227

11.3.3.2 Consolidation grouting m3 300.00 154,205.00 46,261,500 865.1 259,532 - 259,532

11.3.3.3 Cut-off wall m2 3,961.80 49,880.00 197,614,584 279.8 1,108,637 - 1,108,637

11.3.4 Concrete & Reinforcement

11.3.4.1 Mass concrete, C15 m3 429.00 29,736.00 12,756,744 166.8 71,567 - 71,567

11.3.4.2 Structural concrete C25 m3 61,396.00 37,669.00 2,312,725,924 211.3 12,974,619 - 12,974,619

11.3.4.3 Reinforcement t 6,525.58 364,005.00 2,375,343,748 2,042.1 13,325,912 - 13,325,912

11.3.4.4 Rip Rap m3 1,592.00 5,020.06 7,991,940 28.2 44,836 - 44,836

11.4 Intake and Desander 17,185,424,780 96,411,920 1,594,568 98,006,488
11.4.1 Surface Excavation

11.4.1.1 Clearing & grubbing m2 52,245.00 57.00 2,977,965 0.3 16,707 - 16,707

11.4.1.2 Loose excavation m3 572,525.25 2,364.00 1,353,449,691 13.3 7,592,986 - 7,592,986

11.4.1.3 Ripping excavation m3 104,095.50 577.00 60,063,104 3.2 336,960 - 336,960

11.4.1.4 Blasting excavation m3 364,334.25 6,682.00 2,434,481,459 37.5 13,657,680 - 13,657,680

11.4.2 Rock Stabilisation & Support  

11.4.2.1 Shotcrete C20, surface application m3 6,020.27 98,956.00 595,741,482 555.2 3,342,168 - 3,342,168

11.4.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 56,740.34 - - - - 22.4 1,273,275.5 1,273,275

11.4.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 250.32 468,000.00 117,148,948 2,625.5 657,217 - 657,217

11.4.2.4 Pre-stressed thread bar anchors, surface application m 13,016.00 - - - - 25 321,292.6 321,293

11.4.2.5 Surface Drainage m 8,572.17 5,594.28 47,955,097 31.4 269,033 - 269,033

11.4.3 Drilling & Grouting

11.4.3.1 Consolidation grouting — drilling m 7,837.50 3,000.00 23,512,500 16.8 131,907 - 131,907

11.4.3.2 Consolidation grouting m3 391.88 154,205.00 60,429,084 865.1 339,013 - 339,013

11.4.3.3 Cut-off wall m2 5,188.00 49,880.00 258,777,440 279.8 1,451,767 - 1,451,767

11.4.4 Concrete & Reinforcement

11.4.4.1 Mass concrete, C15 m3 2,074.00 29,736.00 61,672,464 166.8 345,989 - 345,989

11.4.4.2 Structural concrete C25 m3 142,307.00 37,669.00 5,360,562,383 211.3 30,073,281 - 30,073,281

11.4.4.3 Reinforcement t 17,431.36 364,005.00 6,345,102,197 2,042.1 35,596,646 - 35,596,646

11.4.4.4 Free-Draining Backfill m3 113,203.00 4,084.00 462,321,052 22.9 2,593,666 - 2,593,666

11.4.4.5 Rip Rap m3 245.00 5,020.06 1,229,915 28.2 6,900 - 6,900

11.5 Contingencies 1,186,652,508 6,657,237 80,632 6,737,869
11.5.1.1 Contingencies % 5% 1,186,652,508 - 6,657,237 80,632 6,737,869

12 Lower Gabarband Intake 1,667,802,081 9,356,533 168,506 9,525,039

12.1 General 44,265,103 248,332 0 248,332
12.1.1 Cofferdams

12.1.1.1 Rockfill cofferdams m3 4,607.90 4,230.00 19,491,417 23.7 109,349 - 109,349

12.1.1.2 Filter cofferdams m3 569.10 6,626.58 3,771,187 37.2 21,157 - 21,157

12.1.1.3 Rip rap cofferdams m3 568.00 5,020.06 2,851,396 28.2 15,997 - 15,997

12.1.1.4 Clay m3 622.80 2,188.84 1,363,208 12.3 7,648 - 7,648

12.1.1.5 Geomembrane m2 1,726.00 248.26 428,497 1.4 2,404 - 2,404

12.1.1.6 Removal of cofferdams m3 5,745.00 1,106.95 6,359,399 6.2 35,677 - 35,677

12.1.2 Instrumentation

12.1.2.1 Control & Instrumentation LS 1.00 5,000,000 - 28,050 - 28,050

12.1.3 Buildings

12.1.3.1 Control / Diesel Generator Building LS 1.00 5,000,000 - 28,050 - 28,050

12.2 Weir 750,075,959 4,208,000 33,046 4,241,045
12.2.1 Surface Excavation

12.2.1.1 Clearing & grubbing m2 4,003.00 57.00 228,171 0.3 1,280 - 1,280

12.2.1.2 Loose excavation m3 10,006.50 2,364.00 23,655,366 13.3 132,709 - 132,709

12.2.1.3 Ripping excavation m3 714.75 577.00 412,411 3.2 2,314 - 2,314

12.2.1.4 Blasting excavation m3 3,573.75 6,682.00 23,879,798 37.5 133,968 - 133,968

12.2.2 Rock Stabilisation & Support  

12.2.2.1 Shotcrete C20, surface application m3 147.26 98,956.00 14,572,229 555.2 81,752 - 81,752

12.2.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 1,472.60 - - - - 22.4 33,045.7 33,046

12.2.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 9.13 468,000.00 4,272,887 2,625.5 23,971 - 23,971

12.2.2.4 Surface Drainage m 368.15 5,594.28 2,059,530 31.4 11,554 - 11,554

12.2.3 Drilling & Grouting

12.2.3.1 Consolidation grouting — drilling m -                        - - - 0

12.2.3.2 Consolidation grouting m3 -                        - - - 0

12.2.4 Concrete & Reinforcement - - - 

12.2.4.1 Mass concrete, C15 m3 1,516.00 29,736.00 45,079,776 166.8 252,902 - 252,902

12.2.4.2 Structural concrete C25 m3 8,635.00 37,669.00 325,271,815 211.3 1,824,807 - 1,824,807

12.2.4.3 Reinforcement t 811.22 364,005.00 295,288,136 2,042.1 1,656,595 - 1,656,595

12.2.4.4 Free-Draining Backfill m3 3,036.00 4,084.00 12,399,024 22.9 69,560 - 69,560

12.2.4.5 Rip Rap m3 589.00 5,020.06 2,956,817 28.2 16,588 - 16,588

Civil Works Cost Estimate of Lower Spat Gah Hydropower Project
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12.3 Intake and Desander 794,041,872 4,454,653 127,436 4,582,089
12.3.1 Surface Excavation

12.3.1.1 Clearing & grubbing m2 5,465.00 57.00 311,505 0.3 1,748 - 1,748

12.3.1.2 Loose excavation m3 16,543.80 2,364.00 39,109,543 13.3 219,408 - 219,408

12.3.1.3 Ripping excavation m3 2,757.30 577.00 1,590,962 3.2 8,925 - 8,925

12.3.1.4 Blasting excavation m3 8,271.90 6,682.00 55,272,836 37.5 310,086 - 310,086

12.3.2 Rock Stabilisation & Support

12.3.2.1 Shotcrete C20, surface application m3 436.45 98,956.00 43,188,913 555.2 242,294 - 242,294

12.3.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 5,678.86 - -                                    - - 22.4 127,435.9 127,436

12.3.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 19.56 468,000.00 9,155,450 2,625.5 51,363 - 51,363

12.3.2.4 Surface Drainage m 873.01 5,594.28 4,883,885 31.4 27,399 - 27,399

12.3.3 Drilling & Grouting

12.3.3.1 Consolidation grouting — drilling m 196.88 3,000.00 590,625                            16.8 3,313 - 3,313

12.3.3.2 Consolidation grouting m3 9.84 154,205.00 1,517,955                         865.1 8,516 - 8,516

12.3.4 Concrete & Reinforcement

12.3.4.1 Mass concrete, C15 m3 311.00 29,736.00 9,247,896 166.8 51,882 - 51,882

12.3.4.2 Structural concrete C25 m3 6,678.00 37,669.00 251,553,582 211.3 1,411,240 - 1,411,240

12.3.4.3 Reinforcement t 953.43 364,005.00 347,053,287 2,042.1 1,947,003 - 1,947,003

12.3.4.4 Free-Draining Backfill m3 7,392.00 4,084.00 30,188,928 22.9 169,363 - 169,363

12.3.4.5 Rip Rap m3 75.00 5,020.06 376,505 28.2 2,112 - 2,112

12.4 Contingencies 79,419,147 445,549 8,024 453,573
12.4.1.1 Contingencies % 5.00 79,419,147                  - 445,549 8,024                          453,573

13 Power Waterway 27,143,803,283 152,279,401 11,332,568 163,611,969

13.1 Headrace Tunnel 17,477,290,343 98,049,315 6,577,234 104,626,548
13.1.1 Underground Excavation

13.1.1.1 D&B Excavation m3 398,232.81 10,068.00 4,009,407,933 56.5 22,493,172 - 22,493,172

13.1.1.2 Care of water & ventilation % 4% 160,376,317 - 899,727 - 899,727

13.1.2 Rock Stabilisation & Support

13.1.2.1 Shotcrete C20, underground application m3 14,560.09 98,956.00 1,440,808,468 555.2 8,083,077 - 8,083,077

13.1.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 174,328.78 - - - 27.5 4,797,097.8 4,797,098

13.1.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 658.30 468,000.00 308,083,748 2,625.5 1,728,380 - 1,728,380

13.1.2.4 Spiling Ø25 mm, 420 N/mm2 m 34,973.39 - - - - 30 1,058,619.5 1,058,619

13.1.2.5 Steel ribs TH36 t 254.22 - - - 2,838 721,516.4 721,516

13.1.2.6 PVC foil m2 13,392.51 375.00 5,022,193 2.1 28,175 - 28,175

13.1.3 Concrete & Reinforcement

13.1.3.1 Invert Concrete m3 8,600.80 43,319.35 372,580,855 243.0 2,090,215 - 2,090,215

13.1.3.2 Final concrete lining C25 m3 128,552.51 43,319.35 5,568,811,304 243.0 31,241,578 - 31,241,578

13.1.3.3 Reinforcement t 13,895.52 364,005.00 5,058,038,216 2,042.1 28,376,091 - 28,376,091

13.1.3.4 Consolidation and Contact Grouting of Concrete Lining m3 631.14 3,000.00 1,893,430 16.8 10,622 - 10,622

13.1.3.5 Steel lining backfill concrete C20 m3 15,002.16 36,350.00 545,328,653 203.9 3,059,347 - 3,059,347

13.1.3.6 Contact Grouting of Steel Liner m3 45.00 154,205.00 6,939,225 865.1 38,930 - 38,930

13.2 Surge Shaft 642,683,130 3,605,515 423,526 4,029,041
13.2.1 Underground Excavation

13.2.1.1 D&B Excavation m3 18,406.66 10,068.00 185,318,205 56.5 1,039,653 - 1,039,653

13.2.1.2 Care of water & ventilation % 4% 7,412,728 - 41,586 - 41,586

13.2.2 Rock Stabilisation & Support  

13.2.2.1 Shotcrete C20, underground application m3 916.15 98,956.00 90,658,519 555.2 508,603 - 508,603

13.2.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 14,176.07 - - - - 28 390,090.3 390,090

13.2.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 31.95 468,000.00 14,954,195 2,625.5 83,895 - 83,895

13.2.2.4 Steel ribs HEB200 t 11.78 0.00 0 - 0 2,838 33,435.6 33,436

13.2.3 Concrete & Reinforcement  

13.2.3.1 Final concrete lining C25 m3 4,397.01 37,669.00 165,631,116 211.3 929,207 - 929,207

13.2.3.2 Reinforcement t 483.67 364,005.00 176,058,854 2,042.1 987,707 - 987,707

13.2.3.3 Consolidation and Contact Grouting of Concrete Lining m3 17.18 154,205.00 2,649,512 865.1 14,864 - 14,864

13.3 Pressure Shaft 355,843,606 1,996,318 174,655 2,170,972
13.3.1 Underground Excavation

13.3.1.1 D&B Excavation m3 10,239.46 12,585.00 128,863,658 70.6 722,938 - 722,938

13.3.1.2 Care of water & ventilation % 4% 5,154,546 - 28,918 - 28,918

13.3.2 Rock Stabilisation & Support

13.3.2.1 Shotcrete C20, underground application m3 696.94 98,956.00 68,966,010 555.2 386,906 - 386,906

13.3.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 5,380.65 0.00 0 - 0 28 148,062.3 148,062

13.3.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 26.36 468,000.00 12,337,182 2,625.5 69,213 - 69,213

13.3.2.4 Steel ribs HEB200 t 9.37 0.00 0 - 0 2,838 26,592.2 26,592

13.3.3 Concrete & Reinforcement

13.3.3.1 Steel lining backfill concrete C20 m3 3,717.33 36,350.00 135,125,035 203.9 758,065 - 758,065

13.3.3.2 Contact Grouting of Steel Liner m3 35.00 154,205.00 5,397,175 865.1 30,279 - 30,279

13.4 High Pressure Tunnel 102,661,823 575,943 54,611 630,554
13.4.1 Underground Excavation

13.4.1.1 D&B Excavation m3 2,497.62 12,585.00 31,432,534                       70.6 176,340 - 176,340

13.4.1.2 Care of water & ventilation % 4% 1,257,301                         - 7,054 - 7,054

13.4.2 Rock Stabilisation & Support

13.4.2.1 Shotcrete C20, underground application m3 109.28 98,956.00 10,814,102 555.2 60,668 - 60,668

13.4.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 1,333.00 0.00 -                                         - 0 28 36,680.9 36,681

13.4.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 4.77 468,000.00 2,234,447 2,625.5 12,535 - 12,535

13.4.2.4 Spiling Ø25 mm, 420 N/mm2 m 352.26 0.00 -                                         - 0 30 10,662.5 10,663

13.4.2.5 Steel ribs TH36 t 2.56 0.00 -                                         - 0 2,838 7,267.2 7,267

13.4.3 Concrete & Reinforcement

13.4.3.1 Invert Concrete m3 55.30 43,319.35 2,395,622 243.0 13,440 - 13,440

13.4.3.2 Steel lining backfill concrete C20 m3 1,468.26 36,350.00 53,371,280 203.9 299,418 - 299,418

13.4.3.2 Contact Grouting of Steel Liner m3 7.50 154,205.00 1,156,538                         865.1 6,488 - 6,488

13.5 Penstock 96,683,515 542,404 58,854 601,258
13.5.1 Underground Excavation

13.5.1.1 D&B Excavation m3 2,058.99 10,068.00 20,729,895 56.5 116,297 - 116,297

13.5.1.2 Care of water & ventilation % 0.04 829,196 - 4,652 - 4,652

13.5.2 Rock Stabilisation & Support

13.5.2.1 Shotcrete C20, underground application m3 115.69 98,956.00 11,448,635 555.2 64,228 - 64,228

13.5.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 2,138.79 0.00 0 - 0 28 58,854.2 58,854

13.5.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 5.38 468,000.00 2,515,822 2,625.5 14,114 - 14,114

13.5.3 Concrete & Reinforcement

13.5.3.1 Invert Concrete m3 69.98 43,319.35 3,031,401 243.0 17,006 - 17,006

13.5.3.2 Final concrete lining C25 m3 365.75 43,319.35 15,843,836 243.0 88,885 - 88,885

13.5.3.3 Reinforcement t 40.23 364,005.00 14,644,631 2,042.1 82,158 - 82,158

13.5.3.4 Steel lining backfill concrete C20 m3 732.81 36,350.00 26,637,767 203.9 149,440 - 149,440

13.5.3.5 Contact Grouting of Steel Liner m3 6.50 154,205.00 1,002,333 865.1 5,623 - 5,623

13.6 Tailrace Tunnel 2,550,143,874 14,306,558 1,216,411 15,522,969
13.6.1 Underground Excavation

13.6.1.1 D&B Excavation m3 71,583.97 10,068.00 720,707,420                56.5 4,043,239 - 4,043,239

13.6.1.2 Care of water & ventilation % 0.04 28,828,297                  - 161,730 - 161,730

13.6.2 Rock Stabilisation & Support

13.6.2.1 Shotcrete C20, underground application m3 2,081.05 98,956.00 205,932,718 555.2 1,155,303 - 1,155,303

13.6.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 30,189.92 0.00 -                                  - 0 28 830,752.1 830,752

13.6.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 99.77 468,000.00 46,691,449 2,625.5 261,944 - 261,944

13.6.2.4 Spiling Ø25 mm, 420 N/mm2 m 7,552.17 0.00 -                                  - 0 30 228,598.7 228,599

13.6.2.5 Steel ribs TH36 t 55.34 0.00 -                                  - 0 2,838 157,060.4 157,060

13.6.3 Concrete & Reinforcement

13.6.3.1 Invert Concrete m3 1,305.91 43,319.35 56,571,249 243.0 317,370 - 317,370

13.6.3.2 Final concrete lining C25 m3 18,202.71 43,319.35 788,529,705                243.0 4,423,729 - 4,423,729

13.6.3.3 Reinforcement t 1,902.16 364,005.00 692,395,735 2,042.1 3,884,408 - 3,884,408

13.6.3.4 Consolidation Grouting m3 68.01 154,205.00 10,487,302                  865.1 58,835 - 58,835

13.7 Gabarband Intake Tunnel 2,973,079,831 16,679,270 1,447,972 18,127,241
13.7.1 Underground Excavation

13.7.1.1 D&B Excavation m3 102,084.55 10,068.00 1,027,787,281             56.5 5,765,988 - 5,765,988

13.7.1.2 Care of water & ventilation % 0.04 41,111,491                  - 230,640 - 230,640

13.7.2 Rock Stabilisation & Support  

13.7.2.1 Shotcrete C20, underground application m3 3,396.17 98,956.00 336,071,072 555.2 1,885,392 - 1,885,392

13.7.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 44,710.05 0.00 -                                  - 0 28 1,230,310.1 1,230,310

13.7.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 155.34 468,000.00 72,696,846 2,625.5 407,836 - 407,836

13.7.2.4 Spiling Ø25 mm, 420 N/mm2 m 4,539.57 0.00 0 - 0 30 137,409.6 137,410

13.7.2.5 Steel ribs TH36 t 28.28 0.00 -                                  - 0 2,838 80,251.9 80,252

13.7.3 Concrete & Reinforcement

13.7.3.1 Invert Concrete + Fill concrete m3 2,694.90 43,319.35 116,741,209 243.0 654,930 - 654,930

13.7.3.2 Final concrete lining C25 m3 3,333.75 43,319.35 144,415,779                243.0 810,187 - 810,187

13.7.3.3 Reinforcement t 98.68 364,005.00 35,919,624 2,042.1 201,513 - 201,513

13.7.3.4 Backfill concrete C20 m3 1,569.94 36,350.00 57,067,139 203.9 320,152 - 320,152

13.7.4 GRP Pipe

13.7.4.1 GRP Pipe m 2,393.10 476,900.00 1,141,269,390             2,675.5 6,402,633 - 6,402,633
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13.8 Gabarband Crossing - Adit Tunnel Left Bank /Access Tunnel Gabarband Intake 341,034,129 1,913,235 230,894 2,144,128
13.8.1 Underground Excavation

13.8.1.1 D&B Excavation m3 13,323.68 10,068.00 134,142,764                56.5 752,554 - 752,554

13.8.1.2 Care of water & ventilation % 4.00 5,365,711                    - 30,102 - 30,102

13.8.2 Rock Stabilisation & Support  

13.8.2.1 Shotcrete C20, underground application m3 989.23 98,956.00 97,890,125 555.2 549,173 - 549,173

13.8.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 8,390.78 0.00 -                                  - 0 28 230,893.6 230,894

13.8.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 40.60 468,000.00 19,001,990 2,625.5 106,603 - 106,603

13.8.3 Concrete & Reinforcement

13.8.3.1 Invert Concrete m3 251.72 43,319.35 10,904,494 243.0 61,175 - 61,175

13.8.3.2 Final concrete lining C25 m3 613.85 43,319.35 26,591,661                  243.0 149,182 - 149,182

13.8.3.3 Reinforcement t 19.61 364,005.00 7,137,384 2,042.1 40,041 - 40,041

13.8.4 Portal Works

13.8.4.1 Portal & Allied Works LS 1 40,000,000     40,000,000                  224,403.9 224,404 - 224,404

13.9 Gabarband Crossing - Adit Tunnel Right Bank 105,712,511 593,058 56,198 649,255
13.9.1 Underground Excavation

13.9.1.1 D&B Excavation m3 2,522.86 10,068.00 25,400,149                  56.5 142,497 - 142,497

13.9.1.2 Care of water & ventilation % 4.00 1,016,006                    - 5,700 - 5,700

13.9.2 Rock Stabilisation & Support  

13.9.2.1 Shotcrete C20, underground application m3 157.93 98,956.00 15,628,517 555.2 87,678 - 87,678

13.9.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 2,042.25 0.00 -                                  - 0 28 56,197.7 56,198

13.9.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 4.87 468,000.00 2,278,563 2,625.5 12,783 - 12,783

13.9.3 Concrete & Reinforcement

13.9.3.1 Invert Concrete m3 58.54 43,319.35 2,536,110 243.0 14,228 - 14,228

13.9.3.2 Final concrete lining C25 m3 401.48 43,319.35 17,391,766                  243.0 97,570 - 97,570

13.9.3.3 Reinforcement t 4.01 364,005.00 1,461,400 2,042.1 8,199 - 8,199

13.9.4 Portal Works

13.9.4.1 Portal & Allied Works LS 1 40,000,000     40,000,000                  224,403.9 224,404 - 224,404

13.10 Access Tunnel to Surge Shaft Chamber 54,788,487 307,369 20,443 327,812
13.10.1 Underground Excavation

13.10.1.1 D&B Excavation m3 1,318.43 10,068.00 13,273,943                  56.5 74,468 - 74,468

13.10.1.2 Care of water & ventilation % 4.00 530,958                       - 2,979 - 2,979

13.10.2 Rock Stabilisation & Support  

13.10.2.1 Shotcrete C20, underground application m3 97.89 98,956.00 9,686,605 555.2 54,343 - 54,343

13.10.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 742.90 0.00 -                                  - 0 28 20,442.8 20,443

13.10.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 4.02 468,000.00 1,880,320 2,625.5 10,549 - 10,549

13.10.3 Concrete & Reinforcement

13.10.3.1 Invert Concrete m3 24.91 43,319.35 1,079,042 243.0 6,054 - 6,054

13.10.3.2 Final concrete lining C25 m3 60.74 43,319.35 2,631,347                    243.0 14,762 - 14,762

13.10.3.3 Reinforcement t 1.94 364,005.00 706,272 2,042.1 3,962 - 3,962

13.10.4 Portal Works

13.10.4.1 Portal & Allied Works LS 1 25,000,000     25,000,000                  140,252.5 140,252 - 140,252

13.11 Surge Shaft Chamber 18,336,468 102,869 16,125 118,995
13.11.1 Underground Excavation

13.11.1.1 D&B Excavation m3 964.00 10,068.00 9,705,552                    56.5 54,449 - 54,449

13.11.1.2 Care of water & ventilation % 4.00 388,222                       - 2,178 - 2,178

13.11.2 Rock Stabilisation & Support

13.11.2.1 Shotcrete C20, underground application m3 70.32 98,956.00 6,958,586 555.2 39,038 - 39,038

13.11.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 586.00 0.00 -                                  - 0 28 16,125.3 16,125

13.11.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 1.44 468,000.00 672,720 2,625.5 3,774 - 3,774

13.11.3 Concrete & Reinforcement

13.11.3.1 Invert Concrete m3 14.11 43,319.35 611,388 243.0 3,430 - 3,430

13.12 Access Tunnel to Upper Erection & Gate Chamber 380,400,053 2,134,082 219,879 2,353,961
13.12.1 Underground Excavation

13.12.1.1 D&B Excavation m3 14,180.81 10,068.00 142,772,346                56.5 800,967 - 800,967

13.12.1.2 Care of water & ventilation % 4.00 5,710,894                    - 32,039 - 32,039

13.12.2 Rock Stabilisation & Support  

13.12.2.1 Shotcrete C20, underground application m3 1,052.87 98,956.00 104,187,527 555.2 584,502 - 584,502

13.12.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 7,990.51 0.00 -                                  - 0 28 219,879.1 219,879

13.12.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 43.21 468,000.00 20,224,413 2,625.5 113,461 - 113,461

13.12.3 Concrete & Reinforcement

13.12.3.1 Invert Concrete m3 267.92 43,319.35 11,605,995 243.0 65,111 - 65,111

13.12.3.2 Final concrete lining C25 m3 653.34 43,319.35 28,302,338                  243.0 158,779 - 158,779

13.12.3.3 Reinforcement t 20.87 364,005.00 7,596,541 2,042.1 42,617 - 42,617

13.12.4 Portal Works

13.12.4.1 Portal & Allied Works LS 1 60,000,000.00 60,000,000                  336,605.9 336,606 - 336,606

13.13 Upper Erection & Gate Chamber and Mucking Tunnel 330,521,611 1,854,259 117,940 1,972,199
13.13.1 Underground Excavation

13.3.1.1 D&B Excavation m3 11,941.00 10,068.00 120,221,988                56.5 674,457 - 674,457

13.3.1.2 Care of water & ventilation % 4.00 4,808,880                    - 26,978 - 26,978

13.3.2 Rock Stabilisation & Support  

13.3.2.1 Shotcrete C20, underground application m3 513.94 98,956.00 50,857,447 555.2 285,315 - 285,315

13.3.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 4,286.00 0.00 -                                  - 0 28 117,940.1 117,940

13.3.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 17.98 468,000.00 8,413,807 2,625.5 47,202 - 47,202

13.3.3 Concrete & Reinforcement

13.3.3.1 Invert Concrete m3 163.00 43,319.35 7,061,054 243.0 39,613 - 39,613

13.3.3.2 Steel Lining backfill concrete C20 m3 1,965.03 36,350.00 71,428,747 203.9 400,722 - 400,722

13.3.3.3 Reinforcement t 186.07 364,005.00 67,729,688 2,042.1 379,970 - 379,970

13.14 Adit Tunnel to Lower Erection Chamber 105,874,673 593,967 102,572 696,539
13.14.1 Underground Excavation

13.14.1.1 D&B Excavation m3 6,343.85 10,068.00 63,869,882                  56.5 358,316 - 358,316

13.14.1.2 Care of water & ventilation % 4.00 0.00 2,554,795                    - 14,333 - 14,333

13.14.2 Rock Stabilisation & Support

13.14.2.1 Shotcrete C20, underground application m3 299.98 98,956.00 29,684,326 555.2 166,532 - 166,532

13.14.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 3,727.50 0.00 0 - 0 28 102,572 102,572

13.14.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 9.20 468,000.00 4,306,349 2,625.5 24,159 - 24,159

13.14.3 Concrete & Reinforcement

13.14.3.1 Invert Concrete m3 126.03 43,319.35 5,459,321 243.0 30,627 - 30,627

13.15 Lower Erection Chamber (space for tunnel excluded) 316,187,169 1,773,841 75,610 1,849,451
13.15.1 Underground Excavation

13.15.1.1 D&B Excavation m3 7,118.00 10,068.00 71,664,024                  56.5 402,042 - 402,042

13.15.1.2 Care of water & ventilation % 4.00 2,866,561                    - 16,082 - 16,082

13.15.2 Rock Stabilisation & Support

13.15.2.1 Shotcrete C20, underground application m3 183.18 98,956.00 18,126,760 555.2 101,693 - 101,693

13.15.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 2,747.70 0.00 -                                  - 0 28 75,609.9 75,610

13.15.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 2.75 468,000.00 1,285,924 2,625.5 7,214 - 7,214

13.5.3 Concrete & Reinforcement

13.5.3.1 Backfill concrete C20 m3 6,114.00 36,350.00 222,243,900 203.9 1,246,810 - 1,246,810

13.16 Contingencies 1,292,562,061 7,251,400 539,646 7,791,046
13.16.1.1 Contingencies % 5% 1,292,562,061             - 7,251,400 539,646                       7,791,046

14 Gabarband Crossing 603,950,230 3,388,220 54,804 3,443,024

14.1 Gabarband Crossing 575,190,696 3,226,876 52,195 3,279,071
14.1.1 Surface Excavation

14.1.1.1 Clearing & grubbing m2 3,000.00 57.00 171,000 0.3 959 - 959

14.1.1.2 Loose excavation m3 46,616.40 2,364.00 110,201,170 13.3 618,239 - 618,239

14.1.1.3 Ripping excavation m3 2,589.80 577.00 1,494,315 3.2 8,383 - 8,383

14.1.1.4 Blasting excavation m3 2,589.80 6,682.00 17,305,044 37.5 97,083 - 97,083

14.1.2 Rock Stabilisation & Support

14.1.2.1 Shotcrete C20, surface application m3 143.26 98,956.00 14,176,445 555.2 79,531 - 79,531

14.1.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 1,896.78 0.00 -                                         - 0 28 52,194.6 52,195

14.1.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 7.22 468,000.00 3,379,924 2,625.5 18,962 - 18,962

14.1.2.4 Surface Drainage m 265.27 5,594.28 1,483,968 31.4 8,325 - 8,325

14.1.3 Drilling & Grouting

14.1.3.1 Cut-off wall m2 1,665.00 49,880.00 83,050,200 279.8 465,920 - 465,920

14.1.4 Concrete & Reinforcement

14.1.4.1 Mass concrete, C15 m3 350.00 29,736.00 10,407,600 166.8 58,388 - 58,388

14.1.4.2 Structural concrete C25 m3 2,073.00 43,319.35 89,801,013 243.0 503,792 - 503,792

14.1.4.3 Reinforcement t 145.11 364,005.00 52,820,766 2,042.1 296,330 - 296,330

14.1.4.4 Free-Draining Backfill m3 44,672.00 4,084.00 182,440,448 22.9 1,023,509 - 1,023,509

14.1.4.5 Rip Rap m3 1,685.00 5,020.06 8,458,805 28.2 47,455 - 47,455

14.2 Contingencies 28,759,535 161,344 2,610 163,954
14.2.1.1 Contingencies % 5% 28,759,535                  - 161,344 2,610                          163,954

15 Tailrace Outlet Structrure 312,814,808 1,754,922 112,327 1,867,249

15.1 Tailrace Outlet Structure 297,918,865 1,671,354 106,978 1,778,332
15.1.1 Surface Excavation

15.1.1.1 Clearing & grubbing m2 500.00 57.00 28,500 0.3 160 - 160

15.1.1.2 Loose excavation m3 7,419.00 2,364.00 17,538,516 13.3 98,393 - 98,393

15.1.1.3 Ripping excavation m3 3,709.50 577.00 2,140,382 3.2 12,008 - 12,008

15.1.1.4 Blasting excavation m3 25,966.50 6,682.00 173,508,153 37.5 973,398 - 973,398

15.1.2 Rock Stabilisation & Support

15.1.2.1 Shotcrete C20, surface application m3 487.00 98,956.00 48,191,572 555.2 270,359 - 270,359

15.1.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, surface application m 3,887.63 0.00 0 - 0 28 106,977.8 106,978

15.1.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, surface application t 18.75 468,000.00 8,774,766 2,625.5 49,227 - 49,227

15.1.2.4 Surface Drainage m 740.50 5,594.28 4,142,564 31.4 23,240 - 23,240

15.1.3 Concrete & Reinforcement

15.1.3.1 Mass concrete, C15 m3 24.00 29,736.00 713,664 166.8 4,004 - 4,004

15.1.3.2 Structural concrete C25 m3 613.00 43,319.35 26,554,762 243.0 148,975 - 148,975

15.1.3.3 Reinforcement t 42.91 364,005.00 15,619,455 2,042.1 87,627 - 87,627

15.1.3.4 Free-Draining Backfill m3 173.00 4,084.00 706,532 22.9 3,964 - 3,964
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15.2 Contingencies 14,895,943 83,568 5,349 88,917
15.2.1.1 Contingencies % 5% 14,895,943                       - 83,568 5,349                                88,917

16 Powerhouse and Transformer Caverns incl. Access Tunnels 7,748,969,823 43,472,481 2,879,569 46,352,050

16.1 Powerhouse and Transformer Caverns 4,989,447,613 27,991,291 1,031,290 29,022,581
16.1.1 Underground Excavation

16.1.1.1 D&B Excavation - normal m3 52,050.44 10,068.00 524,043,850                56.5 2,939,937 - 2,939,937

16.1.1.2 D&B Excavation - smooth m3 87,823.63 6,050.00 531,332,962                33.9 2,980,830 - 2,980,830

16.1.1.3 Care of water & ventilation % 4.00 42,215,072                  - 236,831 - 236,831

16.1.2 Rock Stabilisation & Support

16.1.2.1 Shotcrete C20, underground application m3 5,422.00 98,956.00 536,539,036 555.2 3,010,037 - 3,010,037

16.1.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 37,477.58 0.00 -                                  - 0 28 1,031,290.4 1,031,290

16.1.2.3 Pre-stressed tendons m 4,200.00 385.00 1,617,000 2.2 9,072 - 9,072

16.1.2.4 Pre-stressed thread bar anchors m 9,746.06 2,580.00 25,144,841                  14.5 141,065 - 141,065

16.1.2.5 Wire mesh 100 mm x 100 mm, underground application t 448.40 468,000.00 209,851,317 2,625.5 1,177,286 - 1,177,286

16.1.3 Concrete & Reinforcement

16.1.3.1 Invert Concrete m3 45.41 43,319.35 1,967,045 243.0 11,035 - 11,035

16.1.3.2 Final concrete lining C25 m3 643.10 44,618.93 28,694,613                  250.3 160,980 - 160,980

16.1.3.3 First Stage Concrete C25 m3 28,004.30 45,957.50 1,287,007,573             257.8 7,220,239 - 7,220,239

16.1.3.4 Second Stage Concrete C25 m3 2,114.00 47,336.22 100,068,776                265.6 561,396 - 561,396

16.1.3.5 Reinforcement t 4,672.21 364,005.00 1,700,709,053 2,042.1 9,541,145 - 9,541,145

16.1.3.6 Consolidation Grouting m3 1.66 154,205.00 256,474                       865.1 1,439 - 1,439

16.2 Main Access & Power Evacuation Tunnel 1,370,539,795 7,688,863 1,124,556 8,813,419
16.2.1 Underground Excavation

16.2.1.1 D&B Excavation m3 65,444.20 10,068.00 658,892,191                56.5 3,696,450 - 3,696,450

16.2.1.2 Care of water & ventilation % 4.00 26,355,688                  - 147,858 - 147,858

16.2.2 Rock Stabilisation & Support

16.2.2.1 Shotcrete C20, underground application m3 1,870.41 98,956.00 185,088,210 555.2 1,038,363 - 1,038,363

16.2.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 27,375.29 0.00 -                                  - 0 28 753,300.4 753,300

16.2.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 97.63 468,000.00 45,690,398 2,625.5 256,328 - 256,328

16.2.2.4 Spiling Ø25 mm, 420 N/mm2 m 7,758.02 0.00 -                                  - 0 30 234,829.6 234,830

16.2.2.5 Steel ribs TH36 t 48.07 0.00 0 - 0 2,838 136,426.0 136,426

16.2.3 Concrete & Reinforcement

16.2.3.1 Invert Concrete m3 1,500.93 43,319.35 65,019,470 243.0 364,766 - 364,766

16.2.3.2 Backfill concrete C20 m3 417.48 36,350.00 15,175,334 203.9 85,135 - 85,135

16.2.3.3 Final concrete lining C25 m3 4,878.55 47,336.22 230,931,915                265.6 1,295,551 - 1,295,551

16.2.3.4 Reinforcement t 119.19 364,005.00 43,386,589 2,042.1 243,403 - 243,403

16.2.4 Portal Works

16.2.4.1 Portal & Allied Works LS 1 100,000,000   100,000,000                561,009.8 561,010 - 561,010

16.3 Emergency & Ventilation Tunnel 547,835,326 3,073,410 491,699 3,565,109
16.3.1 Underground Excavation

16.3.1.1 D&B Excavation m3 22,948.08 10,068.00 231,041,285                56.5 1,296,164 - 1,296,164

16.3.1.2 Care of water & ventilation % 4.00            9,241,651                    - 51,847 - 51,847

16.3.2 Rock Stabilisation & Support

16.3.2.1 Shotcrete C20, underground application m3 1,124.69 98,956.00 111,294,718 555.2 624,374 - 624,374

16.3.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 11,165.22 0.00 -                                  - 0 28 307,239.3 307,239

16.3.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 56.56 468,000.00 26,470,385 2,625.5 148,501 - 148,501

16.3.2.4 Spiling Ø25 mm, 420 N/mm2 m 3,360.07 0.00 -                                  - 0 30 101,706.8 101,707

16.3.2.5 Steel ribs TH36 t 29.16 0.00 0 - 0 2,838 82,752.7 82,753

16.3.3 Concrete & Reinforcement

16.3.3.1 Invert Concrete m3 908.27 43,319.35 39,345,573 243.0 220,733 - 220,733

16.3.3.2 Backfill concrete C20 m3 294.71 36,350.00 10,712,559 203.9 60,099 - 60,099

16.3.3.3 Final concrete lining C25 m3 1,248.36 44,618.93 55,700,412                  250.3 312,485 - 312,485

16.3.3.4 Reinforcement t 38.54 364,005.00 14,028,742 2,042.1 78,703 - 78,703

16.3.4 Portal Works

16.3.4.1 Portal & Allied Works LS 1 50,000,000     50,000,000                  280,504.9 280,505 - 280,505

16.4 Emergency & Power Evacuation Tunnel 95,251,228 534,369 89,501 623,870
16.4.1 Underground Excavation

16.4.1.1 D&B Excavation m3 4,878.75 10,068.00 49,119,255                  56.5 275,564 - 275,564

16.4.1.2 Care of water & ventilation % 4% 1,964,770                    - 11,023 - 11,023

16.4.2 Rock Stabilisation & Support

16.4.2.1 Shotcrete C20, underground application m3 304.43 36,350.00 11,066,176 203.9 62,082 - 62,082

16.4.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 3,252.50 0.00 -                                  - 0 28 89,500.8 89,501

16.4.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 12.84 468,000.00 6,008,309 2,625.5 33,707 - 33,707

16.4.3 Concrete & Reinforcement

16.4.3.1 Invert Concrete m3 169.13 43,319.35 7,326,602 243.0 41,103 - 41,103

16.4.3.2 Final concrete lining C25 m3 353.87 44,618.93 15,789,390                  250.3 88,580 - 88,580

16.4.3.3 Reinforcement t 10.92 364,005.00 3,976,726 2,042.1 22,310 - 22,310

16.5 Emergency Tunnel 6,897,297 38,695 5,400 44,095
16.5.1 Underground Excavation

16.5.1.1 D&B Excavation m3 294.38 10,068.00 2,963,768                    56.5 16,627 - 16,627

16.5.1.2 Care of water & ventilation % 4% 118,551                       - 665 - 665

16.5.2 Rock Stabilisation & Support

16.5.2.1 Shotcrete C20, underground application m3 18.37 98,956.00 1,817,723 555.2 10,198 - 10,198

16.5.2.2 Grouted Rockbolts Ø25 mm, 420 N/mm2, underground application m 196.25 0.00 -                                  - 0 28 5,400.3 5,400

16.5.2.3 Wire mesh Ø5 mm, 100 mm x 100 mm, underground application t 0.77 468,000.00 362,531 2,625.5 2,034 - 2,034

16.5.3 Concrete & Reinforcement

16.5.3.1 Invert Concrete m3 10.21 43,319.35 442,074 243.0 2,480 - 2,480

16.5.3.2 Final concrete lining C25 m3 21.35 44,618.93 952,703                       250.3 5,345 - 5,345

16.5.3.3 Reinforcement t 0.66 364,005.00 239,948 2,042.1 1,346 - 1,346

16.6 Architectural finishing 350,000,000 1,963,534 0 1,963,534
16.6.1.1 Architectural finishing LS 1 350,000,000   350,000,000                1,963,534.4 1,963,534 - 1,963,534

16.7 Fire Fighting System 20,000,000 112,202 0 112,202
16.7.1.1 Water tank LS 1 20,000,000     20,000,000                  112,202.0 112,202 - 112,202

16.8 Contingencies 368,998,563 2,070,118 137,122 2,207,240
16.8.1.1 Contingencies % 5% 368,998,563                - 2,070,118 137,122                       2,207,240

17 Connection Switchyard 105,000,000 589,060 0 589,060

17.1.1.1 Civil Works LS 1 100,000,000   100,000,000                561,009.8 561,010 - 561,010

17.1.1.2 Contingencies % 5% 5,000,000                    - 28,050 - 28,050

18 O&M Staff Colony 713,000,000             4,000,000                 4,000,000                 

18.1.1. O&M Staff Colony LS 713,000,000                4,000,000 4,000,000

19 EPC Contractor Preliminary Works and Camp Establishment Cost 2,120,417,129          11,895,748 22,182,362               34,078,110               

19.1 Buildings Furniture and Fixtures 801,000,000 4,493,689 -                               4,493,689
1.1.1 Offices ft2 25,000 3,500 87,500,000 20 490,884 -                                  490,884

1.1.2 Labour Accomodation ft2 150,000 2,500 375,000,000 14 2,103,787 -                                  2,103,787

1.1.3 Korean Accomodation ft2 20,000 3,500 70,000,000 20 392,707 -                                  392,707

1.1.4 Workshop ft2 12,000 2,000 24,000,000 11 134,642 -                                  134,642

1.1.5 Mosque ft2 2,000 3,500 7,000,000 20 39,271 -                                  39,271

1.1.6 Common Facilities ft2 15,000 3,500 52,500,000 20 294,530 -                                  294,530

1.1.7 Resturants ft2 10,000 3,500 35,000,000 20 196,353 -                                  196,353

1.1.8 Furniture & Fixtures and Office Supplies LS 150,000,000 841,515 -                                  841,515
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19.2 Establishment 1,011,935,879 5,677,060 22,182,362 27,859,421
1.2.1 Batching Plant

1.2.1.1 Batching Plant (2.5 Cubic Meter) No. 1 -                                  -                                  429,730 429,730 429,730

1.2.1.2 Batching Plant (1.5 Cubic Meter) No. 2 -                                  -                                  298,134 596,268 596,268

1.2.2 Concrete Transit Mixers No. 8 -                                  -                                  72,931 583,448 583,448

1.2.3 Concrete Pumps

1.2.3.1 Mobile Pump No. 1 -                                  -                                  235,139 235,139 235,139

1.2.3.2 Stationary Pump No. 2 -                                  -                                  163,951 327,902 327,902

1.2.4 Loader No. 2 -                                  -                                  140,957 281,914 281,914

1.2.5 Towner Crane (16 Tons) No. 1 -                                  -                                  425,245 425,245 425,245

1.2.6 Mobile Crane No. 2 -                                  -                                  420,757 841,514 841,514

1.2.7 Raise Boring Machine (Rent) No. 1 -                                  -                                  71,248 71,248 71,248

1.2.8 Shortcrete Machine No. 2 -                                  -                                  180,926 361,852 361,852

1.2.9 Jumbo Drill No. 3 -                                  -                                  142,853 428,559 428,559

1.2.10 Dozers No. 3 -                                  -                                  85,331 255,993 255,993

1.2.11 Ice Plant No. 1 -                                  -                                  321,344 321,344 321,344

1.2.12 Chiller Plant No. 2 -                                  -                                  83,205 166,410 166,410

1.2.13 QAQC Lab Equipments LS -                                  -                                  152,904 152,904

1.2.14 Workshop equipment LS -                                  -                                  114,766 114,766

1.2.15 Weighing Bridge No. 1 -                                  -                                  172,149 172,149 172,149

1.2.16 Light Construction Equipment LS -                                  -                                  573,829 573,829

1.2.17 Backup Generators MW 4 -                                  -                                  252,945 1,011,780 1,011,780

1.2.18 Excavators No. 6 -                                  -                                  91,813 550,878 550,878

1.2.19 Dump Trucks No. 8 -                                  -                                  57,383 459,064 459,064

1.2.20 Insurances

1.2.20.1 Expat Insurance (required to work overseas) LS -                                  -                                  292,426 292,426

1.2.20.2 Construction Plant & Equipment LS -                                  -                                  228,000 228,000

1.2.20.3 Marine Cargo Insurance LS -                                  -                                  150,000 150,000

1.2.20.4 Group Health and Life Insurance LS -                                  -                                  150,000 150,000

1.2.21 Legal & Professional Charges LS -                                  -                                  250,000 250,000

1.2.22 Communication (Wireless, Telephone and Internet) LS 32,085,000 180,000 -                                  180,000

1.2.23 Rental Equipment LS 84,668,750 475,000 -                                  475,000

1.2.24 Fleet Management Cost LS 26,737,500 150,000 -                                  150,000

1.2.25 Light Vehicles No 8 8,000,000 64,000,000 359,046 -                                  359,046

1.2.26 Meal and Entertainment and Supplies

1.2.26.1 Local LS 360,000,000 2,019,635 -                                  2,019,635

1.2.26.2 Foreigners LS 117,707,129 660,349 -                                  660,349

1.2.27 Health Safety & Environment LS 300,000,000 1,683,029 -                                  1,683,029

1.2.28 International Travelling, Boarding & Lodging LS -                                  -                                  600,000 600,000

1.2.29 Construction Measurement Monitoring System LS -                                  -                                  500,000 500,000

1.2.30 Water Filtration Plant LS -                                  -                                  100,000 100,000

1.2.31 Expat Staff Salaries & Oversees Expenses LS -                                  -                                  11,050,000 11,050,000

1.2.32 Site Drainage System & landscaping LS 26,737,500 150,000 -                                  150,000

1.2.33 Demobilization and Site Cleaning LS -                                  -                                  500,000 500,000

19.3 Electricity (Installation and Operation) 307,481,250 1,725,000 1,725,000
1.3.1 Temporary Electricity Facility LS 89,125,000 500,000 -                                  500,000

1.3.2 Electrical Expenses LS 129,231,250 725,000 -                                  725,000

1.3.3 Diesel for Generator / Construction LS 89,125,000 500,000 -                                  500,000
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C HYDROMECHANICAL EQUIPMENT             - 56,764,521 56,764,521               
21 Lower Spat Gah Headworks - - 22,555,605 22,555,605

21.1
Radial Gates & Ancillaries total size 23.71 m x 9.5 m, incl. embedded parts, lifting beam and 
hoisting system

Set 3                  -                   -                   -                   2,744,757 8,234,270                            8,234,270                                 

21.2 Stoplog Panels 22.98 m x 9.5 m incl. embedded parts and lifting beam Lot 1                  -                   -                   -                   1,935,514 1,935,514                            1,935,514                                 

21.3 Stoplog Panels 3 m x 9.5 m incl. embedded parts and lifting beam Lot 1                  -                   -                   -                   110,553 110,553                               110,553                                    

21.4 Environmental flow release including intake, piping system and valves DN = 0.8 m Lot 1                  -                   -                   -                   117,016 117,016                               117,016                                    

21.5 Gantry crane with capacity of 35 t No. 1                  -                   -                   -                   613,000 613,000                               613,000                                    

21.6 Trashrack Panels 6.6 m x 14.1 m incl. embedded parts Set 3                  -                   -                   -                   262,500 787,500                               787,500                                    

21.7 Trashrack Cleaning Machine No. 1                  -                   -                   -                   949,000 949,000                               949,000                                    

21.8 Sliding gates 6.6 m x 7.0 m incl. embedded parts and hoisting system Set 3                  -                   -                   -                   1,037,939 3,113,817                            3,113,817                                 

21.9 Stoplog Panels 6.6 m x  7.0 m incl. embedded parts Set 1                  -                   -                   -                   504,575 504,575                               504,575                                    

21.10 Calming racks Set 6                  -                   -                   -                   186,667 1,120,000                            1,120,000                                 

21.11 Sliding gates 1.0 m x 1.3 m incl. embedded parts and hoisting system Set 12                -                   -                   -                   36,128 433,541                               433,541                                    

21.12 End sill roller gates 6.15 m x 5.1 m incl. embedded parts and hoisting system Set 6                  -                   -                   -                   681,114 4,086,683                            4,086,683                                 

21.13 Contingencies % 2.5% -                   -                   -                   550,137                               550,137                                    

22 Lower Gabarband Intake - 1,399,032 1,399,032
22.1 Radial Gate 7.08 m x 4.0 m incl. embedded earts and hoisting system Set 1                  -                   -                   -                   154,328 154,328                               154,328                                    

22.2 Stoplog Panels 6.1 m x 4.0 m incl. embedded parts and lifting beam Lot 1                  -                   -                   -                   88,865 88,865                                 88,865                                      

22.3 Environmental flow release including intake, piping system and valves DN = 0.3 m Lot 1                  -                   -                   -                   9,794 9,794                                   9,794                                        

22.4 Trashrack Panels 2.5 m x 4.2 m incl. embedded parts Set 2                  -                   -                   -                   52,500 105,000                               105,000                                    

22.5 Trashrack Cleaning Machine No. 1                  -                   -                   -                   858,000 858,000                               858,000                                    

22.6 Fixed-wheel gates 2.0 m 1.4 m incl. embedded parts and hoisting system Set 2                  -                   -                   -                   34,662 69,324                                 69,324                                      

22.7 Stoplog Panels 2.0 m 1.4 m incl. embedded parts Lot 1                  -                   -                   -                   5,905 5,905                                   5,905                                        

22.8 Calming racks Set 6                  -                   -                   -                   9,333 56,000                                 56,000                                      

22.9 Sliding gates 1.0 m x 1.0 m incl. embedded parts and hoisting system Set 2                  -                   -                   -                   4,423 8,847                                   8,847                                        

22.10 Tunnel intake fixed-wheel gate 2.1 m x 2.1 m incl. Embedded parts and hoisting system Set 1                  -                   -                   -                   8,847 8,847                                   8,847                                        

22.11 Contingencies % 2.5% -                   -                   -                   34,123                                 34,123                                      

23 Power Waterway - 32,809,884 32,809,884
23.1 Fixed wheel gate 5.3 m x 5.3 m incl. embedded parts and hoisting system Set 1                  -                   -                   -                   982,835 982,835 982,835

23.2 Stoplog Panels 5.3 m x 5.3 m incl. embedded parts Set 1                  -                   -                   -                   370,920 370,920 370,920

23.3 Headrace tunnel steel liner Gabarband crossing, D= 4.0 m, Length=762 m t 1,365           -                   -                   -                   6,823 9,312,713 9,312,713

23.4 Surge shaft to pressure shaft steel liner, D=4.0 m t 159              -                   -                   -                   6,823 1,084,778 1,084,778

23.5 Headrace Tunnel Butterfly valve DN = 4.0 m No. 1                  -                   -                   -                   2,798,781 2,798,781 2,798,781

23.6 Valve chamber bridge crane, lifting capacity 60 t No. 1                  -                   -                   -                   135,086 135,086 135,086

23.7 Pressure shaft steel liner, D= 4.0 m, Length=497 m t 1,673           -                   -                   -                   6,823 11,414,043 11,414,043

23.8 High pressure tunnel steel liner, D= 4.0 m, Length=95 m t 401              -                   -                   -                   6,823 2,735,823 2,735,823

23.9 Penstock t 422              -                   -                   -                   6,823 2,879,095 2,879,095

23.10 Gabarband Intake Tunnel steel pipe t 10                -                   -                   -                   6,823 68,225 68,225

23.11 Gabarband Intake Tunnel Butterfly valve DN = 1.5 m No. 1                  -                   -                   -                   209,345 209,345 209,345

23.12 Gabarband Junction Chamber hand chain hoist, lifting capacity 15 t No. 1                  -                   -                   -                   18,000 18,000 18,000

23.13 Contingencies % 2.5% -                   -                   -                   800,241 800,241

D ELECTRO-MECHANICAL EQUIPMENT             - 223,111,105 223,111,105
31 Mechanical Equipment Powerhouse - 83,674,535 83,674,535

31.1 Pelton Turbines, Governors & MIV (3 x 159.4 MW) No. 3                  -                   -                   -                   23,507,400 70,522,200 70,522,200

31.2 Auxiliary Equipment LS 1                  -                   -                   -                   3,647,700 3,647,700 3,647,700

31.3 Powerhouse Overhead Crane LS 1                  -                   -                   -                   3,726,116 3,726,116 3,726,116

31.4 Fire Fighting System LS 1                  -                   -                   -                   342,073 342,073 342,073

31.5 Air Conditioning & Ventilation System LS 1                  -                   -                   -                   3,395,603 3,395,603 3,395,603

31.6 Contigencies % 2.5% -                   -                   -                   2,040,842 2,040,842

32 Electrical Equipment Powerhouse - 114,209,664 114,209,664
32.1 Generators (3 x 190 MVA) No. 3                  -                   -                   -                   21,949,697 65,849,091 65,849,091

32.2 Main Unit Transformers No. 3                  -                   -                   -                   6,746,894 20,240,682 20,240,682

32.3 Switchgears and Cables LS 1                  -                   -                   -                   10,733,357 10,733,357 10,733,357

32.4 Control & Protection System LS 1                  -                   -                   -                   3,343,725 3,343,725 3,343,725

32.5 Auxiliary Equipment LS 1                  -                   -                   -                   11,257,208 11,257,208 11,257,208

32.6 Contingencies % 2.5% -                   -                   -                   2,785,602 2,785,602

33 Switchyard/GIS - 18,688,313 18,688,313
33.1 220 kV Gas isolated switchgear (GIS) in transformer cavern LS 1                  -                   -                   -                   10,132,500 10,132,500 10,132,500

33.2 220 kV HV Cable in Tunnel and to Connection Switchyard m 2,050           -                   -                   -                   3,000 6,150,000 6,150,000

33.2 220 kV Connection Switchyard Equipment LS 1                  -                   -                   -                   1,950,000 1,950,000

33.3 Contingencies % 2.5% -                   -                   -                   455,813 455,813

34 Auxiliary Supply Equipment Portal/Access Area - 3,156,289 3,156,289
34.1 11 kV Cable in Power Evacuation Tunnel m 1,170           -                   -                   -                   143 167,890 167,890

34.2 11 kV Cable in Main Access tunnel m 1,520           -                   -                   -                   143 218,113 218,113

34.3 MV Switchgear with 7 circuit breakers and complete with accessories No. 1                  -                   -                   -                   110,381 110,381 110,381

34.4 1,000 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   2,207,626 2,207,626 2,207,626

34.5 1,000 KVA rating 11/0.4kV Emergency Diesel Generator Set No. 1                  -                   -                   -                   331,144 331,144 331,144

34.6 Bus tie Bus LV switchgear with 8 circuit breakers No. 1                  -                   -                   -                   44,153 44,153 44,153

34.7 Contingencies % 2.5% -                   -                   -                   76,983 76,983

35 Auxiliary Supply Equipment Upper Erection Chamber/Surge Tank - 161,238 161,238
35.1 11kV Overhead Line from Portal/Acces Area to Upper Erection Chamber m 1,560           -                   -                   -                   37 57,962 57,962

35.2 25 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   55,191 55,191 55,191

35.3 LV switchgear with 4 circuit breakers No. 1                  -                   -                   -                   44,153 44,153 44,153

35.4 Contingencies % 2.5% -                   -                   -                   3,933 3,933

36 Auxiliary Supply Equipment Lower Spat Gah Headworks - 1,088,294 1,088,294
36.1 11kV Overhead Line from Portal/Acces Area to Lower Spat Gah Headworks Area m 16,990         -                   -                   -                   37 631,263 631,263

36.2 160 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   353,220 353,220 353,220

36.3 Bus tie Bus LV switchgear with 8 circuit breakers No. 1                  -                   -                   -                   44,153 44,153 44,153

36.4 100 KVA rating 11/0.4kV Emergency Diesel Generator Set No. 1                  -                   -                   -                   33,114 33,114 33,114

36.5 Contingencies % 2.5% -                   -                   -                   26,544 26,544

37 Auxiliary Supply Equipment Lower Gabarband Intake - 2,132,772 2,132,772
37.1 11kV Overhead Line from Gabarband Confluence to Gabarband Crossing m 2,830           -                   -                   -                   37 105,149                               105,149                                    

37.2 MV Switchgear with 5 circuit breakers and complete with accessories No. 1                  -                   -                   -                   110,381 110,381                               110,381                                    

37.3 100 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   220,763 220,763                               220,763                                    

37.4 LV switchgear with 4 circuit breakers No. 1                  -                   -                   -                   44,153 44,153                                 44,153                                      

37.5 11 kV Cables from Gabarband Crossing to Gabarband Intake area m 2,730           -                   -                   -                   287 783,486                               783,486                                    

37.6 MV Switchgear with 3 circuit breakers and complete with accessories No. 1                  -                   -                   -                   110,381 110,381                               110,381                                    

37.7 25 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   55,191 55,191                                 55,191                                      

37.8 LV switchgear with 4 circuit breakers No. 1                  -                   -                   -                   44,153 44,153                                 44,153                                      

37.9 160 KVA rating 11/0.4kV dry type transformer No. 1                  -                   -                   -                   353,220 353,220                               353,220                                    

37.10 11 kV Circuit Breakers provided at HV side of 160 KVA rating 11/0.4kV dry type transformer No. 2                  -                   -                   -                   22,076 44,153                                 44,153                                      

37.11 Bus tie Bus LV switchgear with 8 circuit breakers No. 1                  -                   -                   -                   44,153 44,153                                 44,153                                      

37.12 500 KVA rating 11/0.4kV Emergency Diesel Generator Set No. 1                  -                   -                   -                   165,572 165,572                               165,572                                    

37.13 Contingencies % 2.5% -                   -                   -                   52,019                                 52,019                                      

INSURANCE FREIGHT
Delivery Cost Insurance Freight of HM & E&M Works 19,591,294 19,591,294
Delivery Cost Insurance Freight of EMH Works including contigency % 7% 19,591,294                          19,591,294                               

HM & E&M Cost Estimate of Lower Spat Gah Hydropower Project

DESCRIPTION UNIT QUANTITY
LCC FCC

ESTIMATE
TOTAL AMOUNT

LCC + FCC 
(USD)

No.
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LSG HYDROPOWER PROJECT
FINANCIAL PROJECTIONS
MODEL ASSUMPTIONS

Project capital cost (Amounts in USD) Operating costs US$/annum US Cent/KWh Key project indicators
Taxation 0%

1. EPC Cost Water Use Charge 4,590,954        0.2384                Levelized Tariff (US cents/KWh) 8.6094              
Onshore Works 515,266,178              Variable O&M 1,937,053        0.1006                Levelized Tariff (Rupees/KWh) 15.3462           
E&M - Offshore 299,466,920              Fixed O&M - Foreign 60% 8,933,368        0.4640                EPC Cost per MW (US$ m) 1.73                  
Sub Total 814,733,097              Fixed O&M - Local 40% 5,955,579        0.3093                Project Cost per MW (US$ m) 2.31                  

Insurance during Operations 8,147,331        0.4231                
2. Lenders Fees 18,040,791                Project IRR 9.56%
3. Agency & Advisory Costs 7,755,328                   Project NPV @ WACC - (US$ m) 111.51              
4. Engineering Supervision 34,998,402                Plant out-up & general assumptions Project Payback - Years 6.76                  
5. Land Acquisition & Resettlement 7,824,235                   
6. Insurance During Construction 24,500,000                Net Generation per annum (Gwh) 1,925.5               Equity IRR 17.00%
7. O&M Mobilization 4,626,524                   Minimum E-Flows (cusecs) 1.3                       Equity NPV @ WACC  - (US$ m) 256.06              
8. Customs Duties and Taxes 16,575,494                Gross Capacity at Generator Terminal (MW) 470                      Equity Payback - Years 3.38                  
9. Project Development Cost 38,971,603                Net Capacity at Metering System (MW) 451                      
10. Environment & Ecology 9,616,490                   Exchange rate (1 US$ = Rupees) 178.25                Minimum DSCR 1.77x                
11. Legal Cost 2,679,520                   Water Use charge (Rupees/KWh) 0.425                  Minimum LLCR 1.87x                
Total General & Non EPC Costs 20.3% 165,588,387              Equity IRR 17.0%

Discount Rate 10.0% Sensitivity scenarios - with tariff adjustment 
Base Project Cost 980,321,484              Total Project Life (years) 30                        
Negative cost overruns -                               Operations Insurance p.a. (% of EPC Cost) 1.00% Project Capacity
Add: Interest During Construction 104,832,000              Variable Cost (US cents per kWh) 0.1006                
Total Cost for EPC Stage Tariff 1,085,153,484           O&M Cost per MW (US$ p.a.) 35,800                Project Capital Costs 

Project OPEX
Financing structure  (Amounts in USD) Equity & Loan Drawdown Pattern

Debt 75% 813,865,113              Months Equity Debt Sensitivity scenarios - without tariff adjustment 
Equity 25% 271,288,371              1.00% 0.00%

1,085,153,484           3.00% 0.00% Project Capacity
20.00% 0.00%

Foreign financing terms 6                          0.00% 14.00% Project Capital Costs 
12                        0.00% 10.00%

Foreign Debt (percentage) 100% 18                        6.50% 6.50% Project OPEX
LIBOR 0.3% 24                        9.50% 9.50%
Spread per annum 4.6% 30                        10.00% 10.00%
Total Interest Rate (p.a.) 4.9% 36                        10.00% 10.00% Working capital & other assumptions
WHT rate on interest payments 0.0% 42                        10.00% 10.00%
Grossed up rate for WHT 4.9% 48                        10.00% 10.00% Receivables Period - Days -                    
Debt - Door to Door Tenure - Years 17                                54                        10.00% 10.00% Payables Period - Days -                    
Debt Availability Period - Years 5                                  60                        10.00% 10.00% Depreciation rate - annual 3.30%
Debt Repayment Tenure - Years 12                                100.00% 100.00% Cash reserve requirement - USD M -                    

 Pre-FC 30 
months period 
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