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Map to Kurram Tangi Dam Project Documents

Shown below is the suite of documents submitted to USAID under Contract AID-391-C-13-00002
for the KTDP. This report is shaded in red in order to show its relationship to the full set of
documentation.

ENVIRONMENTAL ASSESSMENT

VOLUME |: MAIN REPORT
VOLUME II: PROJECT ECONOMIC BENEFITS
VOLUME Ill: MAPS

ENVIRONMENTAL MITIGATION AND MONITORING PLAN

MAIN REPORT

ANNEX |: HEALTH AND SAFETY PLAN FRAMEWORK
ANNEX I1: WATERSHED MANAGEMENT PLAN

ANNEX Ill: WASTE MANAGEMENT PLAN

ANNEX IV: FISHERIES MANAGEMENT PLAN

ANNEX V: EMERGENCY PREPAREDNESS PLAN

ANNEX VI: INSTRUMENTATION AND MONITORING PLAN

LAND ACQUISITION AND RESETTLEMENT

RESETTLEMENT POLICY FRAMEWORK
RESETTLEMENT ACTION PLAN (COMPONENT 1)

CULTURAL HERITAGE PRESERVATION PLAN
VULNERABLE TRIBES PLAN
GENDER PLAN

KEY SUPPORTING TECHNICAL REPORTS
SUPPLEMENTAL REPORT ON GEOLOGY

SUPPLEMENTAL REPORT ON SEISMIC HAZARD
SUPPLEMENTAL REPORT ON HYDROLOGY
SUPPLEMENTAL REPORT ON CLIMATE CHANGE

All documents may be read as stand-alone documents, but the reader should be aware of the full set
of documents available. Any one document may reference other documents in the suite in order to
avoid duplication.
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List of Acronyms

Acronym Term

CFRD Concrete Faced Rock fill Dam
CGD Concrete Gravity Dam

DDR Detailed Design Report

ECRD Earth Core Rock fill Dam

GSI Geological Strength Index

KTD Kurram Tangi Dam

KTDP Kurram Tangi Dam Project

PH Power House

RCCD Roller Compacted Concrete Dam
RMR Rock Mass Rating

RQD Rock Quality Designation

SPT Standard Penetration Test

UCsS Unconfined Compressive Strength
USACE United States; Army Corp of Engineers
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Unit Conversion Tables

Length
3.28 | ft I | m
5,280 | ft I | mile
I | km 0.62 | miles
| | yard 091 | m
I | inch 254 | mm
Area
| | acre 43,560 | ft2
|| fe2 0.09 | m2
Pressure
| | MPa 145.038 | psi
| | GPa 1000 | MPa
1 | Kg/em2 0.098 | MPa
Volume
| | acre-ft 43,560 | ft3
27 | ft3 || yd?
353 | ft3 | | m3
| | Imperial gallon 4.55 | Liters
| | Gallon 3.79 | Liters
Others
| | cusecs | | cfs
| | ton (US) 2,000 | Ibs (US)
Liter/minute/m
| | Lugeon I | at 10 kg/ecm?
pressure
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I INTRODUCTION

The geotechnical aspect of the proposed Kurram Tangi Dam Project (KTDP) has been reviewed as
part of the Kurram Tangi Environmental Assessment Project. This review follows up the earlier
Scoping Statement which was finalized in March 2013. The Scoping Statement reviewed of the
geotechnical aspects of the proposed KTDP. It included the preliminary review of the available
geological and geotechnical data from the Project Feasibility Report, Detail Design Report (DDR)
and other related documents. These documents were studied to assess whether sufficient sub-
surface information, geotechnical design parameters and geotechnical design details, in support of the
design of the project and the tender documents, were available. The preliminary review comments
were outlined in the scoping statement under significant scoping issues, additional data required, fatal
flaws, etc.

Further study of the available documents and information available was carried out to further assess
significant scoping issues. The results of this study are discussed under the headings of Baseline data,
Geological Assessment and Evaluation, their impacts on the project, and their Mitigation and
Recommendations.

For the ease of construction purposes the KTDP was divided in to three (3) components which are
given as follows:

Component |
a) Kaitu Weir
b) Head regulator-| for Sheratalla canal on the right flank of the weir
c) Head regulator-2 for Spaira Ragha canal on the left flank of the weir

d) Head regulator-3 for feeder channel / tunnel to carry the surplus flows for storage in
Kurram Tangi Reservoir.

e) A sediment excluder at the off-take point of the feeder channel / tunnel
f) Feeder tunnel (Length = 6100 ft and Diameter = |4 ft)
g) Sheratalla canal on the right flank of the weir
h) Spaira Ragha Canal on the left flank of the weir
i) Powerhouse No. IV (18 MW) near downstream end of feeder tunnel
j) Powerhouse No. V(0.4 MW) on Sheratalla Canal
Component 2
a) Reservoir
b) Main dam/Saddle dam
c) Diversion tunnels (14 & 20 ft diameter)
d) Weirll &Il
e) Tunnell
f) Powerhouses No. |, Il, and Ill
Component 3
a) Proposed Thal canal
b) Remolding of existing Marwat canal

c) Remolding of existing Civil canal
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2 DATA REVIEWED

The data sources identified, made available and consulted regarding the geotechnical studies and
design carried out to date for the project are summarized in Table 2-1.

Table 2-1: Data Sources Consulted

No. | Document Reference Chapter No. Remarks
I Feasibility Annexure to the | CH — | : Introduction | Feasibility report comprises of
Report Main Report. CH - 2: Geology and | a Main Report, Annexures and
Geotechnical Studies | Appendices. The findings of
Annexure - | feasibility studies are given in
CH-5: Dam the main report while details
Appurtenant of the studies and analyses are
Structures and Power | provided in the Annexures
Houses and Appendices. Complete
CH-6: Kaitu Weir Feasibility Report is available.
and its Irrigation
System
CH-7: Civil Canal
System and Thal
Canal System
2 Detail Volume — I : Main | CH — I: Introduction | The Detailed Engineering
Engineering Report CH - 3: Geology Design Report consists of
Design Report | Volume-II : CH - 4: Volume — | (text) and Volume
Drawings Construction - 2 (drawings). Complete
Materials Detailed Engineering Design
CH-5: River Report is available.
Diversion and
Construction Planning
CH-6: Main Dam
CH-7: Spillway
CH-8: Outlet Works
and Power Houses
CH-12 Kaitu Weir
3 Tender Volume 3C: Bid | All Bid Drawing for Tender Documents comprises
Documents Drawings for Lot | Civil Works seven (07) volumes wherein
ClI, C2,C3 and Volume 3C is related to the
C4 Civil Bid Drawings. All
Drawings are available
4 PC -1 All Available
5 Rapid All Available
Assessment of
Kurram Tangi
Dam
Construction
— Final Report

2-1
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3 BASELINE DATA AND DUE DILIGENCE

In order to review the geotechnical design of Components I, 2, and 3 the following available
documents were reviewed in detail:

a) Feasibility Report

b) Detailed Engineering Design Report

c) Tender Documents

d) Rapid Assessment of Kurram Tangi Dam Construction

The geotechnical and geological information for each structure within Components |, 2, and 3 was
gathered. A detailed review of the referenced documents is discussed in this section.

3.1 Component I: Kaitu Weir and Allied Structures
3.1.1 Kaitu Weir

The Kaitu River is a tributary of the Kurram River, joining it about 3 miles (5 km) downstream of the
proposed Kurram Tangi Dam site. It is proposed to construct a 20 ft (6 m) high weir, at about 250
feet (76 m) upstream of the existing bridge on Kaitu River. The main purpose of this weir is to use
its water, particularly during flood events, for irrigation purposes as well as for power generation;
however surplus water will be diverted into the Kurram Tangi Reservoir through a tunnel or
channel.

Kaitu Weir consists of two sections: (1) an overflow section (about 300 feet (91 m) long) which is
placed on overburden with a positive cutoff wall, and (2) a gated sluice structure (about 70 feet (21
m) long) the foundation of which is partially placed on bedrock where available and on Roller
Compacted Concrete (RCC) where bedrock is not available.

Three boreholes KW-1, KW-2 and KW-3 (drilling depths of 60, 50, and 71 feet (18.3, 15.2 and 21,6
m), respectively) were drilled at the original weir alignment, some 200 to 300 ft downstream of the
current alignment. The boreholes were located in the river channel and one on the right abutment.
Two additional boreholes, KW-7 and KW-8 (having depths of 75 feet each), were then drilled along
the new axis of Kaitu Weir. The location of Kaitu Weir boreholes are marked on Drawing No.
KTDP102-GEO-025 (Sheet | of 6) in Annexure A. Available information for boreholes and
laboratory test results is summarized in Table 3-1 and marked on Figure | (Sheet | of 5).

Table 3-1: Summary of Borehole Data Available for Review at Kaitu Weir

Borehole Designation Borehole Log | Field Test Laboratory
Results Test Results

KW-I (Vertical) / 60 feet (18.3 m)Depth v v v
KW-2(Vertical) / 50 feet (15.2 m) Depth v v v
KW-3(Vertical) / 71 feet (21.5 m)Depth v v v
KW-7(Vertical) / 75 feet Depth (22.9 m)

(New Axis) v v x
KW-8(Vertical) / 75 feet Depth (22.9 m)

(New Axis) v v X
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The engineering properties of sub-surface soil/rock are summarized in Table 3-2

Table 3-2: Summary of Reviewed Geotechnical Engineering Properties at Kaitu Weir

Sr. | Description Engineering Characteristics
No.
A Overburden
Thickness 2 ft to 42.5 ft (0.6 to 13 m)
Description Sandy gravel with few boulders. Gravels are
rounded to sub-rounded with fine to medium sand.
Field permeability | x 10-' cm/sec to Ix 10-6cm/sec
Depth of groundwater 5 ft (1.5 m) below the river bed level
B Sandstone
Description fine to medium grained, massive, moderately hard
to hard and homogeneous in nature
RQD (%) 75 to 90
Unconfined Confined Compressive 14 to 71 MPa
Strength (UCS)
Lugeon value 5 to 30
Modulus of elasticity 246 x 103to 4.79 x 104MPa
Poisson’s Ratio 0.236 to 0.678
C Shale
Description Soft to moderately hard
RQD (%) 65 to 80
Unconfined Compressive Strength * 5 MPa
Lugeon value Up to 4

Geotechnical Design Aspects. For Kaitu Weir, the following geotechnical design aspects were
gathered from the feasibility and detail engineering design studies:

e Seepage analyses of the free over flow weir structure were performed to evaluate the
effectiveness of the cutoff; however the seepage model and the results of the seepage analyses
were not provided in the feasibility and detailed engineering design reports.

e The cutoff for the overflow weir and chute slab portion is proposed to be tied to the RCC by
tapering it over a slope of IH:1V near the under sluice portion.

e To further reduce the uplift pressure a drainage gallery in the center portion of the weir body
was proposed, which will collect the seepage through perforated Polyvinyl Chloride (PVC) pipes.

e A typical drainage mesh (a network of embedded drainage pipes) has been laid below the chute
slab, starting immediately after the chute blocks at the end of the weir to further provide
adequate seepage control. Seepage analyses of the drainage network were performed for the
foundation treatments; however the results of seepage analysis are not provided.

e The drainage mesh was supplemented by an alternate arrangement of relief wells. The relief well
depths were kept 2 ft (0.6 m) above the underlying bedrock.

e To further overcome any chances of excessive exit gradients, an arrangement of riprap underlain
by an inverted filter, downstream of the chute slab, is placed to join the river bed. The drains
will collect seepage and guide it under the slab into the inverted filter which will safely release it
into the river through the riprap.

e Beneath the foundation of the stilling basin, a cross drainage system along with perforated PVC
pipes was provided.
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e A two staged river diversion scheme was proposed by constructing temporary cofferdams
(earthen embankments). The first stage would lead to the construction of the undersluice
portion. The flow would thus be diverted to the right of the delta, within the natural river. After
construction of the undersluice, the temporary embankment would be reconstructed to close
the natural river path, and the flow redirected through the undersluice. The temporary
embankment would finally be demolished on completion of the weir.

e The permanent river training embankment structure, which is about 275 ft (84 m) long and
about 35 ft (10.7 m) high, will be constructed of compacted random fill with an inclined core of
rolled shale. Most of the embankment will be founded on alluvium with a 2 ft (0.6 m) deep key
trench into the foundation. A free draining fill is provided on the outer shoulders of the
embankment. The material gradations are provided in the detailed design. Slope stability
analyses were conducted to ensure the stability of the embankment; however the corresponding
results were not provided. Stability analyses should be performed for an earthquake hike from
0.2g to 0.8g considering the liquefaction potential of the foundation material.

3.1.2 Head Regulators

e A total of three head regulators will be constructed. Two of them will be constructed to control
the flow into Sheratalla Canal and Spaira Ragha Canal and one will be constructed at the feeder
channel / tunnel to carry surplus flows from Kaitu River into Kurram Tangi Reservoir for
storage. Hydraulic design concepts and guidelines are discussed in the reports but geotechnical
design aspects for the head regulators have not been enlightened completely.

e Geotechnical investigations and laboratory testing was not carried out for any of the head
regulator sites. Geotechnical design details for the head regulator have also not been provided.

e According to the geological map of Kaitu Weir (Refer to Figure No 2.10, Annexure A) river bed
material is comprised of silty sandy gravel and cobbles. However, the foundations of Kaitu Weir
and its head regulators will be founded on rock.

3.1.3 Feeder Tunnel

A Feeder Channel/ Tunnel, about 6,100 feet 1859 m) long and 14 feet (4.26 m) in diameter, will be
constructed from Kaitu Weir up to Olam Algad to carry the surplus flows from Kaitu River to
Kurram Tangi Reservoir. The gravity type tunnel will mostly pass through the shale strata.

Two boreholes KW-4 and KW-6 (having depths of 74 and 108 feet, (22.6 and 32.9 m) respectively)
were vertically drilled along the tunnel during the feasibility study; however laboratory test results
for these two boreholes were not provided. For further confirmation of the substrata, during the
feasibility study three (3) more boreholes KW-9, KW-10 and KW-11 (each having a depth of 125 ft
(38.1 m)) were proposed along the tunnel alignment to be carried out during detail design study.
During detail design, KW-10 and KW-1| | were drilled but laboratory test results were not provided.
Borehole KW-9 does not appear to have been drilled. The location of the feeder tunnel boreholes
is marked on Drawing No. KTDP102-GEO-025 (Annexure A).

Auvailable information for boreholes and laboratory test results is summarized in Table 3-3 and are
also marked on Figure | (Sheet 2 of 5).

Table 3-3: Summary of Borehole Data Available for Review at Feeder Tunnel

Borehole Designation E(c:;ehole :i;ljl;l;ests kz:::lrt':tory Test
KW-4(Vertical) / 74 feet (22.6 m)Depth v v X
KW-6 (Vertical) / 108 feet (32.9 m) Depth | v/ v %
KW-9 (Vertical) / 125 feet (38.1 m) Depth | X % %
KW-10 (Vertical) / 125 feet (38.1 m) Depth | v/ v X
KW-I1 (Vertical) / 125 feet (38.1 m) Depth | v/ v %
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Geotechnical design parameters which were gathered from Chapter |2 of the detailed engineering

design report are summarized on Table 3-4.

Table 3-4: Summary of Reviewed Geotechnical Engineering Properties at Feeder

Tunnel
Sr. | Description Engineering Characteristics
No.
A Overburden
Thickness 25 to 30 ft (7.6 to 9.1 m)
Description Fine to medium sand and poorly graded angular to
sub-rounded gravels.
Field permeability Ix10-'cm/sec to Ix10-6cm/sec
Depth of groundwater Not encountered
B Sandstone
Description Fine to medium grained, moderately hard to hard
with sparsely placed joints
RQD (%) 75 to 90
Unconfined Confined Compressive [4-71 MPa
Strength (UCS)
C Shale
Description Soft to moderately hard
RQD (%) 30 to 99
Unconfined Compressive Strength Slightly over 6 MPa
Lugeon value I5 tests show Below |, 6 tests shows values b/w |
&3

Geotechnical Design Aspects. For the feeder tunnel, the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:

e Rock load calculations for the tunnel were carried out but the referred table 3 is missing.

¢ No information is provided for the stress-strain analysis of the tunnel.

e To control seepage and external water pressures, pressure relief holes are provided in the
crown and upper walls of the tunnel.

e As mentioned in the detail design report “The rock mass around the Feeder Tunnel is closely to
very closely jointed as indicated by the dominant Class IV Rock from the tunnel profiles”, but
there is no provision for grouting.

e 35 to 60 Rock Mass Rating (RMR) is stated in the detail engineering design report to design the
rock supporting system for the tunnel area. However, relevant geologic data is not available for
estimation of RMR.

e The three different categories of tunnel rock supports i.e. rock bolts (20 mm diameter, fully
bounded), shotcrete, and steel sets are designed on the basis of different RMR values, and are
given in Table 3-5.
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Table 3-5: Rock Supports Arrangement for Feeder Tunnel (Reference: Table 6.11,
Empirical Methods for Tunnel Design)

Supports
Rock Mass Excavation Rock bolts (20mm
Classification diameter, fully Shotcrete :teel
ets
bounded)
RMR Top heading and bench: 1.5-- | Systematic bolts 4m | 50 to 100 mm | None
41-60 3 m advance in top heading; long spaced |.5m-- in crown and
Commence support after 2m in crown and 30 mm in walls
each blast; Complete support | walls with wire mesh
[0Om from face in crown
RMR Top heading and bench: 1.0-- | Systematic bolts 4m-- | 100 to I50mm | Light ribs
21-40 [.5m advance in top heading; | 5m long spaced Im-- | in crown and spaced
Install support concurrently [.5m in crown and 100 mm in I.5m
with excavation -10m from walls with wire mesh | walls where
face in crown required

3.1.4 Spaira Ragha and Sheratalla Canals

The Spaira Ragha Canal (length= 8 miles (5.0 km)) is proposed on the left flank and the Sheratalla
Canal (length= 16 miles (8.3 km)) is proposed on the right flank of the weir. Both canals are
concrete lined with the provision of 1.5 ft (0.5 m) free board and the bed width to depth ratio varies
from 1.0 to 1.5. Geotechnical Investigations were not carried out for canals, and information about
the depth to groundwater is not available along the canals. The geology of the area is assessed based
on satellite imagery, detail of which is given under geology section for the command area.

3.1.5 Powerhouse No.IVand V

Due to time constraints, no geotechnical investigations were carried out for these structures.
Geotechnical design parameters were based on available information from nearby boreholes and site
visit observations. Detailed investigations will be required at the construction stage.

Powerhouse No. IV (Installed Capacity=18 MW)

Powerhouse No. IV, with an installed capacity of 18 MW, is located at the downstream end of the
Feeder Tunnel which will divert flood water from Kaitu River to Olam Aglad. Borehole KW-6 is
considered for the Powerhouse No. IV location. It was drilled along the Feeder Tunnel about 350
feet (107 m) before the outlet of Feeder Tunnel. Powerhouse No. IV is planned near the outlet of
the Feeder Tunnel. However, the distance from borehole KW-6 to Powerhouse No. IV isn’t
mentioned as the exact location of Powerhouse No. IV cannot be located on any of the layout
drawings. Laboratory results are not provided for borehole KW-6.

A layout plan and cross sections for Powerhouse No. IV was not provided in the feasibility and
detailed engineering design reports.

The geotechnical properties assumed for the geotechnical design of Powerhouse No. IV are given in
Table 3-6.

Table 3-6: Summary of Reviewed Geotechnical Engineering Properties at Powerhouse
No. IV

Sr. | Description Engineering Characteristics
No.
A Overburden
Thickness 8-28 ft
Description Gravel and boulders embedded in silty sandy

matrix, clay content increases toward the
periphery of the reservoir

3-5



Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

Field permeability 2.077 x 105 to 1.75x10-6 cm/sec
Depth of groundwater Not encountered
B Shale

Description Light green to brownish green and grey to dark
grey, slightly weathered on exposed surface, soft
to moderately hard, sparsely jointed and
fragmented

RQD (%) 50 to 93

Lugeon value Less than 2

Powerhouse No. V (Installed Capacity=0.4 MW)

Powerhouse No. V (0.4 MW) is planned on Sheratalla Canal at RD 38+000 to utilize a fall of 112 ft
(34.1). Borehole KPH-3(2a) was drilled for Powerhouse No. lll of Component 2 and is about 15.5
miles (9.6 km) from Powerhouse No. V. Due to lack of borehole information for Powerhouse No.
V borehole KPH-3(2a) was used to determine the sub-surface rock conditions for the powerhouse
location.

The geotechnical properties assumed for the geotechnical design are given in Table 3-7.

Table 3-7: Summary of Reviewed Geotechnical Engineering Properties at Powerhouse

No.V

Sr. | Description

Engineering Characteristics

No.
A Overburden
Thickness 25 ft (7.6 m)
Description Gravel and boulders embedded in clayey silty

matrix

Field permeability

2.1 x 10" to 2.2 x 10! cm/sec

Depth of groundwater

45 ft (1.4 m)

B Sandstone

Description Light grey to brownish grey, moderately hard,
sparsely jointed and fragmented (thickness about 8
ft)

RQD (%) 40 to 96

Lugeon value max 4.3

C Shale

Description Light brown to brownish green, slightly weathered
on exposed surface, soft to moderately hard,
sparsely jointed and fragmented

RQD (%) 70 to 95

Unconfined Confined Compressive max 8 MPa

Strength (UCS)

Modulus of elasticity

8.79x102 to 1.57x103MPa

Poisson’s Ratio

0.218 to 0.323

Lugeon value

maximum 2

Geotechnical Design Aspects. For Powerhouses No. IV and V, the following geotechnical design
aspects were gathered from the feasibility and detail engineering design studies:

¢ Foundation design for the powerhouses considered dynamic loading (DDR: 8.4.6). Details of this

were not given in the report.

e Excavation and backfill material details are given in the tender drawings for Powerhouse No. V.
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3.2 Component 2: Main Dam and its Allied Structures and Powerhouse No. I, Il and
i

3.2.1 Main Dam
Main Dam

According to the pre-feasibility report, four dam type alternatives were considered; Concrete
Gravity Dam (CGD), Roller Compacted Concrete Dam (RCCD), Concrete Faced Rockfill Dam
(CFRD), and Earth Core Rockfill Dam (ECRD). Of these four options, a CFRD was selected for
detailed engineering design.

The proposed CFRD dam is 295 ft (89.9 m) high and 93 Ift (283.8 m) in length, and a major portion
of the dam is placed on sound bedrock.

Geotechnical investigations were carried out during the pre-feasibility and feasibility stages. Out of a
total 25 boreholes, 12 boreholes were drilled during the pre-feasibility study and 13 boreholes
during the feasibility study.

Laboratory testing was carried out for select boreholes. A summary of available information for
borehole logs and field and laboratory testing results are given in DDR Tables A, A-1, A-2, B, B-1,
and B-2 (Annexure B). The laboratory test results reveal that sufficient sub-surface information is
available for establishing the geotechnical engineering parameters. Geological sections and profiles
were also produced and were available for this review.

Nullah Bed at Dam Site

Eight (08) boreholes (KTV-I to KTV-8 having depths that range from 100 (30 m) to 304 ft (93 m))
were vertically drilled in the nullah bed. Four (04) of these (KTV-1, 3, 5, and 6) were located in the
dam foundation footprint (refer to Drawing No. KTDP-DDR- 3.1 (Annexure A)).

Awvailable information for boreholes and laboratory test results is summarized in Table 3-8 and is also
marked on Figure 2.

Table 3-8: Summary of Borehole Data Available for Review at Nullah Bed, Dam Site

Borehole Designation Borehole Log ;ieeslﬂh':l;ests .I;_Zt;:';::uzs
KTV-I (Vertical) / 202 feet (61.6 m)Depth | v/ v v
KTV-2 (Vertical) / 252 feet (76.8 m) Depth | X v v
KTV-3 (Vertical) / 150 feet (45.7 m)Depth | v/ v X
g:;/t: (Vertical) / 101.5 feet (30.9 m) v v v
KTV-5 (Vertical) / 304 feet (92.7) Depth v v v
KTV-6 (Vertical) / 151 feet (46.0 m) Depth | v/ v v
KTV-7 (Vertical) / 200 feet (61.0 m) Depth | v/ v v
KTV-8 (Vertical) / 100 feet ( 30.5 m) Depth | v/ v v

Based on available data and Drawing No. KTDP-DDR-3.2 (Annexure A), geotechnical properties of
subsurface strata are summarized in Table 3-9.

Table 3-9: Summary of Reviewed Geotechnical Engineering Properties at
Nullah Bed, Dam Site

Sr. | Description Engineering Characteristic
No.
A Overburden (Nullah bed)

Thickness | Up to 20 ft (6 m) in the nullah bed
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Description

Sandy gravel boulders, poorly graded

Field permeability

1.7 x 10-5 to 6.0 x 10-! cm/sec

Depth to groundwater

0.5to0 3.5 (0.15to |.Im)

Bedrock

Description

Sandstone associated with thin
alternating beds of shale, massive and
fine to medium grained. Inter-bedded
beds of sandstone, limestone and
siltstone/shale. at the upstream end of
the valley along the strike direction

RQD (%)

Generally 50% to 100%, at some places
0 to 40%

Unconfined Confined Compressive
Strength (UCS)

3.5 to 60.0 MPa

Modulus of elasticity 0.8 to 100 GPa
Poisson’s Ratio 0.053 to 0.49
Lugeon value 0 to 55

Dam - Right Abutment

Ten (10) boreholes, KTR-1 to KTR-3, KTR-3A, and KTR-4 to 9, having depths that range from |10
(33.5 m) to 300 ft (91.4 m), were drilled on the right abutment of the main dam. Available
information for boreholes and laboratory test results is summarized in Table 3-10 and is also marked
on Figure 2.

Table 3-10: Summary of Borehole Data Available for Review at Dam Right Abutment

Borehole Designation

Field Tests
Results

Borehole
Log

Laboratory
Test Results

KTR-1 (Vertical) / 300 feet (91.4) Depth

KTR-2 (Vertical) / 251 feet (76.5 Depth

KTR-3 (Vertical) / 110 feet (33.5 m) Depth

KTR-3A (Vertical) / 122 feet (37.2 m)Depth

KTR-4(30° with vertical) / 300 feet (91.4 m) Depth

KTR-5(30° with vertical) / 300 feet (91.4 m)Depth

KTR-6(30° with vertical) / 150 feet (45.7 m)Depth

KTR-7(30° with vertical) / 300 feet (91.4 m)Depth

KTR-8(30° with vertical) / 150 feet (45.7 m)Depth

KTR-9 (30° with vertical) / 150 feet (45.7 m)Depth

NN N NN X &S
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The geotechnical information in Table 3-11 has been gathered based on the available data described

above.

Table 3-11: Summary of Reviewed Geotechnical Engineering Properties at

Dam Right Abutment

Sr. | Description
No.

Engineering Characteristic

A Overburden

Description

The abutment consists mostly of
exposed bedrock outcrops with a few
thin patches of stony overburden at

some locations.
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Bedrock

Description Thin beds of siltstone, conglomeratic
sandstone and silty sandstone inter-
bedded with main sandstone. The
bedding strike is normal to river flow
and the dip is towards the downstream
direction (Dips N 60° E/ 70° to 80° SE).

RQD (%)

Depth of groundwater

Not encountered

Unconfined Compressive Strength
(UCS)

22.9 to 40.7 MPa

Modulus of elasticity

2.31 to 849 GPa

Poisson’s Ratio

0.090 to 0.29

Lugeon value

Up to 170 ft (52 m) depth; varies b/w 2
to 51, below 170 ft (52 m ) depth; less
than |

Dam - Left Abutment

Seven (07) boreholes KTL-I to 4, and 4A to 6 (having depths that range from |10-300 ft) were
drilled. Geologic section CC (refer to Drawing No. KTDP-DDR- 3.1 (Annexure A)), for the left
abutment, was not provided for this review. Two boreholes, KTL-1 (drilled vertically during pre-
feasibility) and KTL-6 (drilled during feasibility study), were drilled close to the dam axis and
therefore are considered for evaluation of geotechnical parameters for the left abutment.

Information derived from boreholes, and field and laboratory test results are summarized in Table
3-12 and marked on Figure 2.

Table 3-12: Summary of Borehole Data Available for Review at Dam Left Abutment

Borehole Designation E(c:;ehole 'II:'I:s:::is 'I;'Z::r;:;)ul]);s
Results
KTL-1 (Vertical) / 300.5 feet (91.6 m)Depth X v v
KTL-2 (Vertical) / 235 feet (71.6 m) Depth X v X
KTL-3 (Vertical) / 300 feet (91.4 m) Depth X v %
KTL-4 (Vertical) / 163 feet (49.4 m) Depth X v X
KTL-4A (Vertical) / 135 feet (41.1 m) Depth X v %
KTL-5 (Vertical) / 110 feet (33.5 m) Depth X v %
KTL-6(30° with vertical) / 200 feet (61.0 m)Depth | v~ v X

Geotechnical design parameters are summarized on Table 3-13.

Table 3-13: Summary of Reviewed Geotechnical Engineering Properties at
Dam Left Abutment

Sr. | Description Engineering Characteristic
No.
A Overburden
Description The abutment consists mostly of exposed
bedrock outcrops with a few thin patches
of stony overburden at some locations.
B Bedrock
Description Sandstone is dominant with thin inter-

bedded beds of limestone, siltstone shale
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and sandstone at upstream side of major
sandstone bed almost of similar nature
and thin inter-bedded formation is also
exposed in the downstream side of the
main sandstone bed.

Depth of groundwater Not encountered
RQD (%) 63 to 100

Unconfined Confined Compressive 3.45 to 60.06 MPa
Strength (UCS)

Modulus of elasticity 0.95 to 25.0 GPa
Poisson’s Ratio 0.092 to 0.449
Lugeon value 0.1 to 52 at 0 to 225 ft (0 to69 m) depth

below 225 ft (m ) dephh; less than |

Geotechnical Design Aspects. The following geotechnical design aspects were gathered from the
feasibility and detail engineering design studies:

e The face slab of the dam was designed as reinforced concrete, between 0.8 ft (0.25 m) and 2 ft
(0.6 m) thick, with vertical, and some horizontal joints, along the perimeter; to accommodate
deformation which occurs during construction and when the water load is applied.

e The adopted panel width for the KTD face slab is 30 ft (9.1 m).

e The overall reinforcement provided for the concrete face slab of KTD is 0.4% of the gross area
for each way at the centerline.

e Spacing between vertical joints is 30 ft (9.1 m).
e Horizontal joints in KTD are provided at |/3 of the face slab maximum length.

e A varied toe slab width of 20-30 ft (6.1 to 9.1 m) is provided with intermediate transitions at
change of rock profile.

e The toe slab of KTD is proposed to be 2 ft (0.6 m)thick.

e Considering stability against horizontal water thrust without the rockfill support, it is proposed
that six rows of |5 ft deep anchors be provided.

e The proposed depth of consolidation grout holes at the KTD toe slab is 25 ft (7.6 m).
e The proposed depth of grout curtain is 50 ft (15 m) under the plinth beam.

e Zone 2 is comprised of transition rockfill processed for grading from silt to cobble size. It shall
be placed in horizontal layers about 15 ft (4.6 m) thick.

e Zone 3 is comprised of selected fine rockfill. Zone 3 acts as a filter transition between Zone 2
and Zone 4A in the event of leakage through the dam, and provides compatibility and limits the
voids adjacent to Zone 2. It shall be placed in horizontal layers of about 15 ft (4.6 m)thick.

e Zone 4A is the primary rockfill material for the dam body, and is proposed to be provided from
required excavations or quarry run. It is a free draining rockfill that will be placed in layers about
[.5 ft (0.5 m) thick. This zone provides the main support for the face slab.

e Zone 4B is a coarser rockfill from the required excavations or quarry run. It forms the main
rockfill towards the downstream side of the main dam body. It is a free draining material that is
placed in layers of about 3 ft (0.9 m) thick.

e Zone 5Ais a low permeability earthfill, silt or fine sand, placed upstream of the face. It acted as
face slab or perimeter joint healer, in the event of leakage.
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e Zone 5B is comprised of random earthfill, and acts as a support zone for Zone 5A. It will be

provided at the upstream toe of the dam.

e Deformations related to rockfill settlement after construction and during earthquake (0.2g) were
checked as given in the detailed engineering design (Section 6.1 1, Vol.-I). However, neither
drawings nor the related model were provided in the report.

o Sufficient preliminary information regarding instrumentation is available (Drawing No. KTDP-
DDR-6.7 to KTDP-DDR-6.1 | (Annexure A).

3.2.2 Dam Spillway and other Allied Structures

The spillway facility, consisting of a gated overflow type spillway with standard ogee shaped weir,
chute and stilling basin, has been located on the right abutment of the main dam.

Three (3) boreholes KTR-2 (in crest area), KTR-7 (in chute area) and KTV-7 (in river bed) were
drilled in the spillway area during the feasibility study stage. The geologic section SS for the spillway
is shown on Drawing No. KTDP-DDR- 3.4 (Annexure A). For the location of section SS and
boreholes refer to Drawing No. KTDP-DDR- 3.1 (Annexure A).

Awvailable information for boreholes, field and laboratory test results is summarized in Table 3-14 and

is marked on Figure 2.

Table 3-14: Summary of Borehole Data Available for Review at Spillway

Borehole Designation Borehole Field Tests | Laboratory
Log Results Test Results

KTR-2 (Vertical) / 251 feet (76.5 m) Depth X v v

KTR-7 (30° with vertical) / 300 feet (91.4 m)Depth | v/ v X

KTV-7 (Vertical) / 200 feet (81.0 m) Depth v v v

Geotechnical design parameters are summarized in Table 3-15

Table 3-15: Summary of Reviewed Geotechnical Engineering Properties at

Spillway
Sr. | Description Engineering Characteristic
No.
A Overburden
Thickness 0 (KTR-7), 18 ft (5.5 m)in nullah
bed(KTV-7)
Description Loose to dense, fine to Medium

grained, Coarse Material = 65% fine
Material = 35%.

Field permeability

No test available

Depth of groundwater

3.5 ft (1.1 m) in KTV-7 in nullah bed

Bedrock

Description

Thick massive sandstone bed is
available under the spillway crest as
well as under the greater part of the
chute. However some part of chute
together with stilling basin is founded
on alternating siltstone/shale and
sandstone beds.

RQD (%)

20 to 95

Unconfined Confined Compressive
Strength (UCS)

9 to 40 MPa (Table A-2)
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Modulus of elasticity 2.27 to 18 GPa (Table A-2)
Poisson’s Ratio 0.133 to 0.480 (Table A-2)
Abrasion Resistance 3.04 to 6.84 (Table A-2)
Lugeon value 0.2-180 (Table A-I)

Geotechnical Design Aspects. The following geotechnical design aspects were gathered from the
feasibility and detail engineering design studies:

Spillway. Spillway geotechnical design aspects include the following:

The spillway is proposed to be founded mostly on sound thick Sandstone bedrock; however,
some part of the spillway foundation rests on alternating beds of Shale and Sandstone. (Refer
to Drawing no. KTDCI01-GEO-058 (Annexure A)).

Dental concreting and grouting were proposed where weak and shear zones are
encountered.

The bedding strike is almost normal to river flow, generally recorded as N65°E and the dips
of the bedding dips range from 65¢ to 70° towards the downstream direction in the crest
and chute areas. In the stilling basin area the bedding strike is parallel to the flow because of
river meandering.

A huge excavation (El. 2060 ft to El. 2250 ft, El 628 to 659 m) is required in the crest and
downstream areas. The excavation plan is not available for this area.

Chute Slab. Chute slab geotechnical design aspects include the following:

The thickness of proposed 200-foot-wide chute slab is 3 ft (0.9 m).

The spillway chute is proposed to be on the same sandstone bedrock of main dam/spillway
crest except for a small downstream portion adjacent to the stilling basin.

The chute slab was checked for uplift pressure during spillway loading conditions. The
spillway chute floor slab was designed to withstand a minimum of 5 ft (1.5 m) of differential
hydrostatic uplift when constructed on earth foundations as recommended by the U.S Army
Corps of Engineers (USACE, 1990), (although in our case, there exists rock in the
foundation).

The sliding stability of the chute slab was checked.

A drainage system was provided to reduce the uplift pressure. A mesh of slotted PVC pipes
was spread under the slab. The 6" (15 cm) slotted PVC pipe was proposed to be laid
horizontally while the 4 (10 cm) slotted PVC pipe along the length of the chute slab. A drain
pipe was also provided along the width of the chute slab. Drainage galleries were provided
on each side of the slab.

#14 anchors with || ft spacing were provided on both sides of chute slab for the drainage
failure condition. Anchor lengths were |3 ft, 3 ft in the slab and 10 ft in the rock.

|3 feet high guide walls were provided on both sides of the chute. The minimum thickness of
the walls is 3 ft.

Weep holes were provided at 9.75 ft vertical spacing for safe release of accumulated water
pressure in the retaining soil.

Stilling Basin. Stilling basin geotechnical design aspects include the following:

A stilling basin 200 ft (61 m) wide and 290 ft (88 m)long is proposed at the base of the

spillway chute. The stilling basin has an elevation of 1780 ft (543 m), and a normal thickness
of 10 ft (3 m).
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e Chute blocks were proposed at the start of stilling basin to protect from slab erosion, and a
dentate sill is provided at the end of stilling basin slab.

e The foundation of the stilling basin, as proposed, is mostly on sound sandstone rock;
however a portion of the downstream foundation would be on alternating beds of shale and
sandstone.

e The stilling basin slab was checked for uplift pressure loading.

e A drainage system is provided under the stilling basin slab to reduce uplift pressures. A mesh
of slotted PVC pipes is spread under the slab. Slotted 6" (15 cm) diameter PVC pipe is laid
horizontally while the 4" (10 cm) diameter slotted PVC pipe is laid along the length of the
stilling basin. Drainage galleries were also proposed, one on each side of the slab.

e #14 typical anchors were provided at 6 ft (1.8 m) spacing on both sides of the stilling basin
for the drainage failure condition. Anchor lengths were |3 ft 4.0 m), 3 ft (I m) in the slab
and 10 ft (3 m) in the rock.

e 70 feet (21.3 m) high guide walls were provided on both sides of the chute. The elevation of
the stilling basin is 1850 ft (564 m) above amsl. The minimum thickness of the walls varied
from 4 ft (1.8 m) at top to 18 ft (5.5 m)down in the base area. The width of the wall then
varies uniformly up to 20 ft (6 m) at a depth of 50 ft (15 m). The guide walls were designed
with a uniform width for the length of the stilling basin parallel to the flow direction.

e 4’ (10 cm) diameter weep holes were provided at a spacing of 9.75 ft vertically (3.0 m)and
30 ft (9.1 m) horizontally for safe release of accumulated water pressure in the retaining soil.

3.2.3 Diversion Tunnels

Two diversion tunnels, 20 ft(6.1 m) and 14 ft (4.3 m) diameter, were proposed on the right bank of
Kurram River between the spillway and main dam. These would be constructed by conventional
drill-blast methods. The twin tunnels are closely spaced and the overall geology would be same for
both. After the completion of the construction phase, the 20 ft (6.1 m) diameter tunnel.) will be
converted into a power tunnel for power generation and the 14 ft (4.3 m) diameter tunnel will be
plugged with a bulk head gate.

Four boreholes, listed in Table 3-16, were drilled at or near the proposed diversion tunnels location
during the feasibility stage. Available borehole information, and field and laboratory test results are
summarized in Table 3-16 and marked on Figure 2.

Table 3-16: Summary of Borehole Data Available for Review at Diversion Tunnels

. . Borehole Field Tests | Laboratory

Borehole Designation Log Results Test Results
KTR-I (Vertical) / 300 feet (91.4 m)Depth v v v

KTR-5 (30° with vertical) / 300 feet (91.4 m)Depth | v* v X

KTR-8 (30° with vertical) / 150 feet (45.7 m) v v x

Depth

KTR-9 (30° with vertical) / 150 feet (45.7 m) v v %

Depth

The geologic section AA for the diversion tunnels is shown on Drawing No. KTDP-DDR-3.3
(Annexure A). For the location of section AA and the boreholes refer to Drawing No. KTDP-DDR-
3.1 (Annexure A).

(a) Inlet Portal

Borehole KTR-8 was drilled at the proposed inlet portal location to a depth of 150 ft (45.7 m). This
was drilled during the feasibility stage at an angle of 30° to vertical in a direction against bedding dip.
Field and laboratory results are not available for KTR-8. Borehole KTV-2, was drilled during the
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pre-feasibility study to a depth of 252 ft 76.8 m) in the river bed in the same rock strata as the
tunnel portal, and is used to estimate parameters at this site.

Geotechnical design parameters that were gathered from available data are summarized in Table
3-17.

Table 3-17: Summary of Reviewed Geotechnical Engineering Properties at
Inlet Portals of Diversion Tunnels

Sr. | Description Engineering Characteristic
No.
A Overburden
Description Mostly exposed bedrock outcrops
with a few thin patches of stony
overburden at some locations
B Bedrock
Description Sandstone: hard, fine to medium
grained, sparsely jointed and
fragmented, well cemented, angular
gravels are embedded in it.
Shale: soft to moderately hard
RQD (%) Top 30 ft (9 m) , 0-28;
Below 30 ft (9m), 30 to 97
Unconfined Confined Compressive Sandstone: 26.8 to 55.3MPa (ignoring
Strength (UCS) highest value), (values up to depth
192)
Siltstone: 37.2and 20.4 MPa
Shale:10.0 to 18.6 MPa
Modulus of elasticity 3.49 to 33.50 GPa (up to depth 192ft,
(58.5 m))
Poisson’s Ratio 0.164 to 0.335 (up to depth 192 ft
(58.5 m))
Lugeon value 75 above 50 ft (25 m depth;
Below the 50 ft (25 m) depth
fluctuates from O to 4

(b) Tunnel Alignment

During the pre-feasibility study borehole KTR-Iwas drilled for the tunnel alignment to a depth of
300 ft. Laboratory test results are available for this borehole. The geotechnical design parameters
that were gathered from available data are summarized in Table 3-18.

Table 3-18: Summary of Reviewed Geotechnical Engineering Properties for
Diversion Tunnels Alignment

Sr. | Description Engineering Characteristic
No.
A Overburden

Description Mostly exposed bedrock outcrops

with a few thin patches of stony
overburden at some locations.

B Bedrock
Description Major sandstone bedrock is medium
hard to hard, blocky and sparsely
jointed
RQD (%) Generally 50% to 100%, at some

places 0 to 44%
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Unconfined Confined Compressive
Strength (UCS)

20.9 to 40.7MPa

Modulus of elasticity

4.18 to 8.49 GPa

Poisson’s Ratio

0.09 to 0.29

Lugeon value

Above 60 ft (18.3 m) depth, fluctuates
from 2 to 51;
Below the 60 ft (18.3 m) depth, less

than |

(c) Outlet Portal

During the feasibility study borehole KTR-9 was drilled to a depth of 150 ft (45.7 m) at the outlet
portal area. This borehole was inclined 30° to vertical and aligned opposite of bedding dip direction.

Laboratory results are not available for KTR-9.

Geotechnical design parameters were gathered from available data including the laboratory results
from borehole KTR-6 (DDR Table B-2) that was drilled at the Powerhouse No. | area. The design

parameters are summarized in Table 3-19.

Table 3-19: Summary of Reviewed Geotechnical Engineering Properties at

Outlet Portals of the Diversion Tunnels

Sr. | Description Engineering Characteristic
No.
A Overburden
Description Mostly exposed bedrock outcrops with
a few thin patches of stony overburden
at some locations.
B Bedrock
Description Inter-bedded sandstone and shale.
Sandstone: hard, fine to medium
grained, sparsely jointed and
fragmented, well cemented, with
embedded angular pebbles.
Shale: soft to moderately hard with
occasional very hard zones, moderately
weathered near the surface and slightly
weathered to fresh in depth, closely to
moderately jointed and fragmented
near the surface or in weathered zone,
moderately to sparsely jointed &
fragmented at depth.
Alternate beds of Sandstone and Shale
containing thin siltstone beds
RQD (%) 18 to 97 (KTR-9)
Unconfined Confined Compressive (Inferred from KTR-6)
Strength (UCS) Sandstone: 25.8MPa
Siltstone: 20.5 MPa
Shale:10 to 18.6 MPa
Modulus of elasticity (Inferred from KTR-6)
Sandstone: 2.85GPa
Siltstone: 2.15 GPa
Shale: 2.18 & 1.33 GPa
Poisson’s Ratio (Inferred from KTR-6)
Sandstone: 0.184
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Siltstone: 0.207

Shale: 0.193 & 108

Lugeon value Above 15 ft (4.5 m) depth: 14,
Below 15 ft (4.5 m ) depth: : varies
from 0.2 to 6 (KTR-9)

Geotechnical Design Aspects. Related to the diversion tunnels, the following geotechnical
design aspects were gathered from the feasibility and detail engineering design studies:

The greater part of the diversion tunnels is proposed in major sandstone beds, which are sound
and of good quality. Sections will run through alternating beds of sandstone and shale.

Rock supports were proposed to be installed, as required, during tunnel excavation.
Grouting will be needed where weak zones are encountered.

Since groundwater was not encountered during drilling to depths of up to 300 ft (90 m) depth,
minimal seepage is expected during excavation.

Three types of rock supports for the power tunnel are provided (Details are shown in Drawing
No. KTDP-DDR-8.6 (Annexure A).

Rock support type-A is comprised of 1.5 ft (0.45 m) of RCC lining. Rock bolts are also provided
where required.

Rock support type-B is comprised of wire mesh (No. 3 bars, spaced 4” c/c) reinforced
shotcrete. A 2” (5 cm) layer of shotcrete shall be sprayed on the wire mesh. On top of the
shotcrete a |.5 ft thick concrete lining shall be placed. Rock bolts are also provided where
required.

Rock support type-C is comprised of steel ribs W.8 x 35 @ 3 ft (0.9 m) tentative spacing with a
1.5 ft (0.45 m) thick concrete lining provided on the surface.

Similarly, the three types of rock supports for were also provided for the 14 ft (4.3 m) diameter
diversion tunnel (Typical details of the tunnel support measures are shown in Drawing No.
KTDP-DDR-8.20 (Annexure A).

3.2.4 Powerhouse No. | (Installed Capacity 36.5 MW)

Powerhouse No. | is proposed at the foot of the main dam on the right bank of Kurram River. The
20 ft (6.1 m) diameter diversion tunnel will be converted to a pressure tunnel to supply Powerhouse
No. |. Borehole KTR-6 was drilled to a depth of 150 ft (45.7 m) during the feasibility study (Drawing
No. KTDP-DDR-3.1(Annexure A)). Boreholes log, field and laboratory test results are available for
KTR-6.

The engineering characteristics of overburden and rock encountered during drilling of borehole
KTR-6 are summarized in Table 3-20.

Table 3-20: Summary of Reviewed Geotechnical Engineering Properties at
Powerhouse No. |

Sr. | Description Engineering Characteristic

No.

A Overburden
Thickness 9 ft (2.7 m) (ref: KTR-6 log)
Description Upper 5 feet (1.5 m) of overburden

consists of sandstone, loose and highly
weathered. Below 5 feet (1.5 m ) and
up to 9 feet (2.7 m) depth; silty sandy
gravels are present; heterogeneous in
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origin, sub rounded to round, angular,
medium to course gravels, fine to
medium, loose silty sand.

Field permeability No test available for overburden
Depth of groundwater Not mentioned
B Bedrock
Description Sandstone: moderately weathered, hard

to very hard, fine grained, well
cemented, thickly bedded, sparsely
jointed and fragmented. Sandstone
encountered between depth range of 0
to 46 ft (0 to 14 m), 107 ft to 130 ft (33
to 40 m)

Shale: moderately hard to hard,
moderately weathered, sparsely jointed
and fragmented. Shale is sandy. Shale
encountered between depth range of
46 to 70 ft (14 to 21 m), 81 ft to 104ft
(25 to 32 m) and 130 ft to drilling
depth.

Silty sandstone: hard, moderately
weathered, fine grained, sparsely
jointed, sparsely fragmented, having
intercalations of silt. Silty sandstone
encountered between depth range of
70 to 81 ft (21 to 25 m)

RQD (%) Generally 50-100%, at some locations
0-30%

Unconfined Compressive Strength Sandstone: 25.9MPa

(UCS) Siltstone: 20.4MPa
Shale:10 to 18.6 MPa

Modulus of elasticity Sandstone: 2.85 GPa

Siltstone: 2.15 GPa
Shale: 2.18 to 1.33 GPa
Poisson’s Ratio Sandstone: 0.184
Siltstone: 0.207

Shale: 0.193 & 0.108
Lugeon value maximum 2

Geological sections and joint survey data are not available for the penstock and powerhouse areas.

Geotechnical Design Aspects. For Powerhouse No. | the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:

e The powerhouse foundation is proposed to be founded primarily on sandstone bedrock.

e Consolidation grouting is proposed for the foundation to make it stronger and sound before
erecting the structure.

e The penstock is placed in an open cut within a rock mass.
e The maximum surface excavation height along the penstock is 170 ft (52 m).
e The rock cut slope along the penstock will be inclined at a maximum gradient of 8V:1H.

e The maximum surface excavation height for the powerhouse foundation is of 75 ft (23 m).
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3.2.5 Weir-ll

The weir for Powerhouse No. Il, Weir Il is located approximately 8,000 ft downstream of the main
dam, and the total structure is 640 ft (195 m) long and 20 ft (6.1 m) high. The weir itself will be
about 544 ft long, while rest of the length i.e. 96 feet will be closed by an embankment.

Three (03) boreholes were drilled at the weir location and include KTPT-1, KTPT-2 and KTPT-3
(See Drawing No. KTDP-DDR-3.5 (Annexure A)). Available information for boreholes, field and
laboratory test results is summarized in Table 3-21and marked on Figure 3.

Table 3-21: Summary of Borehole Data Available for Review at Weir Il

. . Field Tests | Laboratory
Borehole Designation Borehole Log Results Test Results
KTPT-1 (20° with vertical) / 103 (31.4 m)
feet Depth v v v
KTPT-2 (Vertical) / 60 feet (18.3 m) Depth | v/ v v
KTPT-3 (Vertical) / 65 feet (19.8 m) Depth | v/ v v

Geotechnical design parameters information has been gathered from available data sources and is
summarized in Table 3-22.

Table 3-22: Summary of Reviewed Geotechnical Engineering Properties at
Weir Il

Sr. | Description Engineering Characteristic

No.

A Overburden
Thickness 24 to 32 ft (7.3 to 9.8 m) (in riverbed)
Description Sandy gravel and boulders, loose, sub-

rounded to rounded. Gravels and
boulders are of Sedimentary
metamorphic and volcanic origin. Sand
is brownish grey to grey, fine to
medium grained (loose to semi
consolidated sandy gravels)

Field permeability 247 x 102 to 2.22 x 105 cm/sec

Depth of groundwater Varies from 3 to 29 ft (0.9 to 9 m)
based on GL

B Bedrock

Description Alternating beds of sandstone and shale
on both the banks

RQD (%) 6 to 80 %

Unconfined Confined Compressive Sandstone: 2 to 27 MPa and

Strength (UCS) Shale: +6 MPa

Modulus of elasticity Sandstone: 1.08 to 11.3 GPa
Shale: 1.33 to 2.35 GPa

Poisson’s Ratio Sandstone: 0.041 to 0.24
Shale: 0.297 to 0.475

Lugeon value Max. 2

Geotechnical Design Aspects. For Weir ll, the following geotechnical design aspects were
gathered from the feasibility and detail engineering design studies:

e The foundation of Weir Il is proposed to be placed on overburden material.
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e For control of seepage and uplift pressures a slurry trench cutoff tied to the bedrock is provided
under the structure. Additionally, relief wells at 25 ft (7.6 m) spacing had also been provided.
These would be installed ina 5 x 7 ft (1.5 x 2.1 m) gallery located in the structure (DDR:
8.4.2.2).

e A cross drainage system (PVC pipe meshing) and relief wells were provided under the stilling
basin.

3.2.6 Power Tunnel-ll

The power tunnel for Powerhouse No. Il is a horseshoe shaped tunnel, 16 ft dia. and 5,400 ft long.
Borehole KTPT-1 is located at the tunnel inlet, KTPT-4 is located along the tunnel alignment, and
KTPT-5 is located at the tunnel outlet. All three boreholes were drilled during the feasibility study
(Drawing No. KTDP-DDR-3.7 (Annexure A)).

Awvailable information for boreholes, field and laboratory test results is summarized in Table 3-23.

Table 3-23: Summary of Borehole Data Available for Review at Power Tunnel Il

Borehole Designation E(c:;ehole :i::jl;l;ests 'I;'?e::?::url)t':s
KTPT-1 (20° with vertical) / 103 feet (31.4 m) Depth | v/ v v
KTPT-4 (30 with vertical) / 100 feet (30.5) Depth v v v
KTPT-5 (30° with vertical) / 100 feet (30.5 m) Depth | v/ v v

Tunnel Alignment

Geotechnical design parameter information, which is based on information from borehole KTPT-4
(100 ft or 30.5 m depth, inclined 30° with vertical), was drilled during feasibility study (DDR Table D-
| & 2), and is summarized in Table 3-24.

Table 3-24: Summary of Reviewed Geotechnical Engineering Properties at
Power Tunnel Il Alignment

Sr. | Description Engineering Characteristic
No.
A Overburden
Description Mostly exposed bedrock outcrops with a

few thin patches of stony overburden at
some locations.

B Bedrock

Description Alternating beds of sandstone and shale
all along the tunnel alignment. Sandstone
is more dominant

Depth to groundwater Not encountered

RQD (%) 13 to 98

Cohesion (c) and angle of internal Sandstone: ¢=7.4 MPa, $=30.9 deg

friction (¢) (Triaxial Test) Shale: ¢=8.5 MPa, ¢=23.8 deg

Lugeon value Max 2 Lugeon; but at 10 ft depth, 185

Lugeon and 26 Lugeon at 54 ft depth
were observed.

Tunnel Inlet

Borehole KTPT-1 was drilled at the tunnel inlet during the feasibility study. This borehole was
advanced to a depth of 103 ft (31.4 m)and was inclined 20° to vertical. Geotechnical design
parameter information, gathered from this borehole, is summarized in Table 3-25.
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Table 3-25: Summary of Reviewed Geotechnical Engineering Properties at
Power Tunnel Il Inlet

Sr. | Description

Engineering Characteristic

No.
A Overburden
Description Mostly exposed bedrock outcrops
with a few thin patches of stony
overburden at some locations
B Bedrock
Description Predominantly sandstone with

subordinate thin beds of shale

Depth to groundwater

Not encountered

RQD (%) 43 to 96
Unconfined Confined Compressive 10 to 20 MPa
Strength (UCS)

Modulus of elasticity .72 to 5.91 GPa
Poisson’s Ratio 0.113 to 0.859

Lugeon value

<I, at 10 ft (3 m) depth, 5.38

Tunnel Outlet

Borehole KTPT-5 was drilled at the tunnel outlet during the feasibility study. This borehole was
drilled to a depth of 100 ft (30.5 m) and inclined 30¢ to vertical. Geotechnical design parameter
information that was gathered from available data is summarized in Table 3-26.

Table 3-26: Summary of Reviewed Geotechnical Engineering Properties at
Power Tunnel Il Outlet

Sr. | Description

Engineering Characteristics

No.
A Overburden
Description Mostly exposed bedrock outcrops with
a few thin patches of stony overburden
at some locations
B Bedrock
Description Alternating beds of sandstone, silty

sandstone and shale/siltstone

Depth to groundwater

Not encountered

RQD (%)

Above |5 ft (4.6 m) depth; 10 to 30,
Below |5 ft (4.6 m) depth; 58 to 100

Unconfined Confined Compressive
Strength (UCS)

5 to 27 MPa

Modulus of elasticity

3.27 to 12.6 GPa

Poisson’s Ratio

0.636 to 0.891

Lugeon value

Max of 1.5 above 80 ft (24 m)depth; b/w
80 to 90 ft (24 to 27 m) depth, 8 to 12
Lugeon and 0.0l Lugeon below 90 ft (27
m) depth

Geotechnical Design Aspects. For Power Tunnel Il, the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:
e The tunnel for Powerhouse No. Il would pass through inter-beds of sandstone and shale of

varying thickness.

e The RMR classification was used to design the tunnel rock support system.
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e Drill and blast methods are proposed for excavation of the tunnel.
e The rock support system proposed is comprised of rock bolts, shotcrete, wire mesh, steel ribs
and | ft of concrete lining.

Penstock

The penstock for Powerhouse No. Il will be constructed in rock cut about |5 ft (4.6 m)deep. The
side slopes of the rock cut were fixed at 4V:1H; however there is no information about the geology
along the alignment of the penstock and it is unclear whether this cut will be backfilled or remain
open.

3.2.7 Powerhouse No. Il (Installed Capacity 10.5 MW)

The proposed Powerhouse No. Il is located approximately 13,500 ft downstream of Powerhouse
No. I. During the feasibility study, borehole KTPT-6 was vertically drilled to a depth of 100 ft in the
powerhouse area to develop an understanding of the substrata. Available information for boreholes,
field and laboratory test results is summarized in Table 3-27.

Table 3-27: Summary of Borehole Data Available for Review at Powerhouse No. Il

. . Borehole Field Tests Laboratory
Borehole Designation Log Results Test Results
KTPT-6 (Vertical) / 100 feet (30.5 m) Depth | v/ v v

The following geotechnical design parameters information has been gathered from available data in
Table 3-28.

Table 3-28: Summary of Reviewed Geotechnical Engineering Properties at
Powerhouse No. Il

Sr. Description Engineering Characteristic
No.
A Overburden
Description Mostly exposed bedrock outcrops with a
few thin patches of stony overburden at
some locations.
B Bedrock
Description Sandstone bed with thin shale/ siltstone

layers. Sandstone is moderately hard to
hard fine to medium grained
Not encountered

Depth to groundwater

RQD (%)

Sandstone: 60 to 93
Shale: 25 to 88

Unconfined Confined Compressive
Strength (UCS)

Sandstone: | | to 17 MPa
Shale/Siltstone: 21.9 MPa

Modulus of elasticity

Sandstone: 0.858 to 1.54 GPa
Shale/Siltstone: 2.38 GPa

Poisson’s Ratio

Sandstone: 0.208 to 0.226
Shale/Siltstone: 0.157

Lugeon value

Max 2.67, above 65 ft (20 m)depth; below
this max 6.21

Geotechnical Design Aspects. For Powerhouse No. I, the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:

e The powerhouse is located on thickly bedded sandstone, with a thin shale bed within the main

mass of sandstone.
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e The surficial weathered bedrock is proposed to be excavated to expose fresh and competent
rock for the foundation.

e The proposed 60 ft x 78 ft x 34 ft (18.3 x 23.8 x 10.4 m) forebay will be constructed on shale.

e The powerhouse is provided with an under-drainage system to take care of seepage and uplift
pressures. This proposed under-drainage system will be comprised of horizontal and vertical
drains.

e The current design includes consolidation grouting of the foundation before erecting the
structures.

e Stability analyses were carried out to ensure the safety of structure.
3.2.8 Weir-lll

The weir for Powerhouse No. lll, Weir lll, will be a 1,434 ft (437 m) long and 75 ft (23 m) high RCC
structure. The proposed weir will be located on Kurram River approximately 22,000 ft downstream
of the Weir |l (for Powerhouse No. Il).

Three (3) boreholes, KPH3-1, KPH3-2, and KPH3-2A, were vertically drilled during the feasibility
study. These boreholes were located in Kurram River to determine the subsurface conditions.
Drawing No. KTDP-DDR-3.8 and KTDP-DDR-3.9 (Annexure A) shows the geological section for
Weir lll. Laboratory test results are summarized in the Tender documents Annexure Table-3.

Available boreholes information, and field and laboratory test results are summarized in Table 3-29
and are marked on Figure 4.

Table 3-29: Summary of Borehole Data Available for Review at Weir Il

Borehole Designation Borehole Field Test Laboratory
Log Results Test Results

KPH3-1 (Vertical) / 100 feet (30.5 m) depth v v v

KPH3-2 (Vertical) / 101 feet (30.8 m) depth X v v

KPH3-2A (Vertical) / 101 feet (30.8 m) depth v v v

Geotechnical design parameters, gathered from available data, is summarized in Table 3-30.

Table 3-30: Summary of Reviewed Geotechnical Engineering Properties at
Weir Il

Sr. | Description Engineering Characteristic
No.
A Overburden
Thickness Up to 25 ft (7.6 m) beneath the
Kurram riverbed.
Description semi consolidated alluvial material,

mostly sandy gravels, cobbles and
occasional boulders

Field permeability Up to lcm/sec
Depth of groundwater 36to4.5ft (1.1 to 1.4 m)
B Bedrock
Description Alternating sandstone and shale beds.

Sandstone is moderately hard to hard
but shale is comparatively softer. The
general bedding strike direction is
normal to river flow and the strata dip
from 500 to 75e.

RQD (%) 40 to 96

3-22



Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

Unconfined Confined Compressive Sandstone: | to 1.5 MPa

Strength (UCS) Shale: 0.2 to 0.4MPa

Modulus of elasticity Sandstone: 0.879 to 3.14 GPa
Shale: 0.008 to 0.026 GPa

Poisson’s Ratio Sandstone: 0.18 to 0.33
Shale: 0.498 to 0.582

Lugeon value <5

Geotechnical Design Aspects. For Weir lll, the following geotechnical design aspects were
gathered from the feasibility and detailed engineering design studies:

e The weir foundation is proposed to be placed on bedrock. The bedrock surface will be exposed
by excavating up to 40 ft (12 m) of overburden (refer to Drawing No. KTDP10|-CIVIL-661
(Annexure A)).

e The upstream slope for excavation for weir structure is proposed to be IH: 8V.

e Drainage galleries with relief wells are proposed within the structure to control uplift pressures.
e A cross drainage system and relief wells is provided under the stilling basin.

3.2.9 Power Tunnel-lll

The power tunnel for Powerhouse No. Il, Power Tunnel lll, has a design width of 16 ft (4.9 m) and a
length of 3250 ft (991 m). Three boreholes, KPH3-3 at the inlet, KPH3-4 along the tunnel, and
KPH3-5 at the outlet, were proposed at the locations shown on Drawing No. KTDP-DDR-3.10 and
KTDP-DDR-3.1'l (Annexure A). Borehole KPH3-3 was drilled afterwards. The drilling of other
boreholes is needed to confirm the present assessment during next stage of studies.

Available information for boreholes, and field and laboratory test results are summarized in Table
3-31 and are marked on Figure 5.

Table 3-31: Summary of Borehole Data Available for Review of Power Tunnel Il

Borehole Designation Borehole Field Tests | Laboratory Test
Log Results Results

KPH3-3 (Vertical) / 100 feet (30.5 m) Depth | v/ v X

KPH3-4 (Proposed) X X 4

KPH3-5 (Proposed) X X 4

The layout plan and section figures, referred in Chapter 8 of the detailed engineering design report.
Borehole information is not available at this time.

Geotechnical Design Aspects. For Power Tunnel lll, the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:

e The tunnel would pass through alternating beds of sandstone and shale of varying thickness.

e The tunnel is proposed to be excavated with conventional drill-blast methods and provided with
a support system consisting of rock bolts, shotcrete, wire mesh and steel ribs where required
with 1” thick concrete lining (DDR: 8.4.3.3).

Penstock

Most of the penstock will have a rock cover of 12.5 ft (3.8 m) ; however there is no information
about the geology along the alignment of penstock.

3.2.10 Powerhouse No. llI (Installed Capacity 16 MW)

Powerhouse No. lll is located approximately 4.8 miles (7.74 km) downstream of Powerhouse No. II.
A geotechnical investigations has not been carried out for this facility. One borehole KPH3-6 was
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proposed to evaluate the rock properties of the powerhouse area. This work is recommended
during the next study. Figures 5.16 and 5.17 in Chapter 8 of the detailed engineering design report
show a typical plan and section of Powerhouse No. lll. These figures were not available for review.

Geotechnical Design Aspects. For Powerhouse No. I, the following geotechnical design aspects
were gathered from the feasibility and detail engineering design studies:

e The powerhouse is provided with an under-drainage system to take care of seepage and uplift

pressures. This under-drainage system is comprised of horizontal and vertical drains (refer DDR:
8.4.3.4).

e Consolidation grouting of foundations before erecting the structure is proposed.

e The stability of the powerhouse was assessed under sliding and overturning for both static and
earthquake conditions.

e Powerhouse No. lll construction will involve, on average, 75 ft (23 m) of rock excavation (refer
to Drawing No. KTDPI0I-CIVIL-706 (Annexure A)).

3.2.11 Saddle Dam

In the Feasibility Report (2004) and Detail Engineering Design (201 1) there was no discussion
regarding the need of a Saddle Dam at the northeast side of the reservoir rim. It was first indicated
in the Preamble of the Initial Review Report (2012) by MMP (Pvt) Ltd. As follows:

“The Major finding of this Initial Design Review is the identification of a low survey point in
the North East of Reservoir rim. This essentially will require a saddle dam to close the low
peripheral space for which the ground investigation and topographic survey will be very
important and essentially needed”.

This statement clearly indicates that a low survey point for the construction of a saddle dam was not
studied during the Feasibility and Detail Design stage; hence no geological and geotechnical
investigation data is available for the saddle dam.

It is proposed that for the saddle dam a topographic survey, geotechnical investigations and detailed
design should be carried out during the mobilization period of the main contractor during the
construction phase.

3.3 Component3
Component 3 consists of the following:

a) A new head regulator at the Kurram Garhi Headworks on its left abutment.

b) A canal known as Thal Canal will take-off from this new head regulator. It will be 198,000 ft
(37.5 miles, 60.3 km) long and will have a full supply discharge of 343.6 cusecs. The canal
system will have 14 distributaries, 7 minors and 2 sub-minors of about 73 miles (I 18 km).
The canal will irrigate about 68,000 acres of the Thal Plains.

c) Remodelling of Existing Civil and Marwat Canals: Civil canals with collective length of 200
miles (323 km) were done many years ago by land owners. They are to be renovated and
remodeled. Concrete lining of main canal including improvement of structures is part of the
Project scope.

No geological and geotechnical investigation has been carried out, to date, for Component 3.
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4 ASSESSMENT AND EVALUATION
4.1 Component |
4.1.1 Kaitu Weir and Allied Structures

Two boreholes, KW-7 at right abutment and KW-8 in the nullah bed, were drilled at the new (final)
weir axis. These boreholes were each drilled to depth of 75 ft. A histogram of RQD values from
these two boreholes is plotted on Figure 6. This figure shows that RQD values range from 88% to
99% in the right abutment, and from 82% to 94% in the rock mass under the river bed. This indicates
that the overall rock mass has very good to excellent quality.

The subsurface strata from boreholes KW-1 to KW-3, which were drilled along the old weir axis,
were compared with the subsurface strata of KW-7 and 8 (at the new axis) to evaluate the adequacy
of the boreholes at the new weir axis. A geotechnical assessment of Kaitu Weir and allied structure
is as follows:

I. The overburden thickness in the riverbed is variable. In borehole KW-I(river bed, old axis) the
overburden is 20 ft (6 m) and in borehole KW-8 (new axis) overburden is 40 ft (12 m).
Overburden thickness in borehole KW-3 (right abutment, old axis) is 22 ft (6.7 m) which is
noticeably more than overburden thickness of 4 ft (1.2 m) in borehole KW-7(right abutment,
new axis). These great reverse variations of overburden thicknesses indicate that borehole KW-
2 (left abutment, old axis) cannot be used to ascertain the sub-surface strata parameters for the
left abutment at the new weir axis. Additional boreholes at the left abutment of new axis are
required.

2. Since laboratory tests have not been carried out for boreholes KW-7 and KW-8, geotechnical
design parameters for the new axis cannot be established with site specific data. However, a few
laboratory test results of boreholes KW-1, 2, and 3 (old axis) are available (See Table C-2 of the
feasibility study report). Detail of RQDs and core recovery for boreholes KW-7 and KW-8
show that sufficient cores are available for laboratory testing. During the next phase of design,
there should be a complete laboratory testing program for boreholes KW-7 and KW-8 and for
additional required boreholes to establish geotechnical design parameters for Kaitu Weir.

3. Gradation analyses of overburden material have not been carried out for any samples. In order
to design the filter system under the stilling basin, gradation analysis of base soil must be
available.

4. Two head regulators (one for Spaira Ragha Canal and other for Feeder Canal), a sediment
excluder, and a retaining wall are all situated at left abutment of Kaitu Weir, therefore exact
subsurface information should be available to establish the geotechnical design parameters.

5. The foundation of the free overflow section of the weir has been placed on overburden material;
therefore in-situ compactness should be determined. Standard penetration test (SPT’s) or insitu
field density tests have not been performed at any location of river bed. The relative density and
degree of compaction of the foundation material is not known and settlement of the weir
structure may be possible.

6. Groundwater was encountered at El. 2333 ft (El. 71| m) in borehole KW-8 (river bed).The
foundation of the free overflow weir structure has been placed at El. 2323 ft (El. 708 m), 10 ft (3
m)below this level; therefore dewatering measures will be necessary during foundation
excavation and construction.

7. The proposed elevation of the stage Il river diversion cofferdam is El. 2355 ft (El. 717.8 m)
(Section 5.5.2 in detailed engineering design report). According to the topographic survey,
contour values downstream of weir axis vary between EIl. 2335 ft (711.7 m) and El. 2340 ft
(713.3); therefore a downstream cofferdam will also need to be constructed.

8. In order to provide seepage defenses for the embankment, a cutoff trench (5 ft to 8 ft or 1.5 to
2.4 m) should be constructed.
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9. A seepage analysis of Kaitu Weir has been carried out with GeoStudio2007 to verify the given
concrete floor thicknesses against uplift pressures. Figure 7 shows the section of weir along with
uplift pressures which was assessed and showed that provided concrete floor thicknesses are
sufficient to hold the uplift pressures.

10. Based on the preliminary seismic assessment the design earthquake is much higher
(magnitude=0.8g) than was assumed for the feasibility study (i.e. magnitude= 0.2g). It would be
much better if this embankment could be founded entirely on bedrock to make it more resistant
to earthquake. However, stability studies are needed to (a) assess the stability of the
embankment when subjected to earthquake shaking and (b) a liquefaction assessment of the
embankment foundation material.

I'l. The bearing capacity of overburden has not been assessed.
12. Backfilling details behind the retaining walls was mentioned.
4.1.2 Kaitu Feeder Tunnel

According to the information given in the detailed engineering design report, four boreholes, KW-4,
KW-6, KW-10 and KW-I 1, were drilled in the Kaitu Feeder Tunnel area. The boreholes
encountered shale; however the detailed engineering design report (geology section 12.2.4.1)
indicates that this tunnel will be constructed in sandstone with a UCS=14 to 71 MPa. This is
contrary to the borehole logs and should be resolved during the next study phase.

The boreholes indicate that the tunneling condition will be very different from the conditions
indicated in the detailed engineering design report. The unconfined compressive strength of 6 MPA
is provided for shale (as given in detailed engineering design report ) and this material is described a
as a soft rock. Similarly RQD values from all the four boreholes were plotted as a histogram (See
Figure 8) which also shows that average value of RQD varies from 40 to 70, describing the rock
(shale) as poor to fair in term of strength.

According to Table 12.3 of the detailed engineering design report, the rock support system of the
feeder tunnel was designed using the RMR classification (After Bieniawski 1989). Bieniawski meant
for this recommendation to be used for a 33 ft (10.0 m) tunnel; therefore it doesn’t apply to this
much smaller tunnel. It isn’t possible to excavate a 14 ft (4.3 m) tunnel by heading and bench,
because there isn’t enough room. Therefore, it is recommended to conduct full face heading
irrespective of RMR values for smaller diameter tunnels than 33 ft. Moreover, the basis of fixing the
RMR values was not given in the report therefore its evaluation should be considered for
completion of detailed design study. The rock support system should be redesigned accordingly.

Keeping in view the soft nature of shale, the following geotechnical design aspects should be
considered during detailed engineering design:

I.  Estimation of high in-situ horizontal stresses.
2. Time dependent deformation subsequent to rock excavation.
3. Efficient initial support system.

A two dimensional, plain strain finite element model should be used to calculate the stresses and
deformation with and without the proposed rock support system for tunnels.

4.1.3 Powerhouse No. IV and V
Powerhouse No. IV

The layout plan, cross sections and geological profiles and sections were not provided in the
feasibility and detailed engineering design report. Information for only one borehole (KW-6) was
provided, and laboratory testing was not been provided. A geotechnical assessment of Powerhouse
No. IV cannot be carried out without this information.
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Powerhouse No. V

Powerhouse No. V comprises the following components, for which a geotechnical assessment has
been made:

I. Inlet and Outlet Portal

2.  Tunnel

3.  Open Channel
4. Forebay

5. Penstock

6. Powerhouse No. V

In the detailed engineering design report, borehole KPH-3 (2a), which was drilled for Weir llI
(Component 2), has been used as a reference borehole for Powerhouse No. V. Due to the large
horizontal distance of about 15 miles (25 km) between Powerhouse No. lll and V, sub-surface
information from KPH-3 (2a) cannot be used to establish the geotechnical engineering design
parameters of Powerhouse No. V.

According to the tunnel profile (refer to Drawing No. KTDP102-CIVIL-781 (Annexure A)), the
tunnel passes under a maximum overburden/rock cover of 67 ft (20 m). However, due to non-
availability of borehole information at this location, it is not possible to ascertain the rock types and
exact thicknesses of overburden and rock along the tunnel alignment. At least one borehole at
maximum overburden cover should be drilled to investigate the sub-surface strata along the tunnel.

The foundation of the Forebay is placed at maximum depth of 7 ft (2.1 m) below ground surface;
therefore at least one test pit should excavated to determine the in-situ properties of the material in
this area.

A 2,000 ft (610 m) long surface penstock has been proposed. Geological information about the
thickness and characteristics of overburden and rock is not available. It is therefore necessary to
excavate at least three test pits at equal distances along the length of the penstock. The foundations
of the concrete thrust blocks should be placed on ground with sufficient load bearing capacity.

The proposed foundation of Powerhouse No. V has been placed 17 ft (5 m) below the natural
ground surface. Without borehole at this location, it is difficult to establish the bedrock level and
establish the appropriate foundation designs. The foundation bedrock of Powerhouse No. V should
be sound enough to withstand the static and dynamic loading effect of turbines and other
components of the powerhouse. Therefore, at least one borehole should be drilled in order to
properly investigate the sub-surface strata and design the powerhouse foundation. Due to the
absence of in-situ information the proposed foundation design cannot be checked at this time.

4.1.4 Sheratalla and Spaira Ragha Canals Systems

Geotechnical investigations were not carried out for any portion of the Sheratalla and Spaira Ragha
Canal systems; therefore a geotechnical assessment could not be made without sub-surface
information.

4.2 Component 2
4.2.1 Main Dam

As discussed under Section 3.2, a sufficient number of boreholes were drilled at the dam site and
laboratory testing on selected rock samples was also carried out. On the basis of field investigation
and laboratory testing results, the following geotechnical assessment of foundation and abutments
conditions and dam design has been formulated:
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Right Abutment:

I. Right abutment borehole RQD values plotted on Figure 9 show great variation of RQD values.
Few RQD values are less than 20 at depths of up to 50 ft (I5 m) ; therefore consolidation
grouting up to 50 ft (15 m) deep will be required.

2. Unconfined compressive strength varies from 10 to 25 MPa, which shows that strength of rock
is medium.

3. Lugeon values were plotted along the drilling depth (See Figure 10) which shows that Lugeon
values are decreasing along the depth; however in the upper horizon (up to 50 ft (15 m) depth)
Lugeon values range up to a maximum value of 50. Therefore, the grout curtain along the right
abutment should be greater than 50 ft (15 m).

Left Abutment:

I. Left abutment borehole RQD values, plotted on Figure 9, show that RQD’s values are greater
than 80. This indicates that sound bedrock is available, suitable for the foundation of the
proposed dam. In this region, consolidation grouting to 25 ft (7.6 m) depth will be sufficient.

2. Twenty one (21) unconfined compressive strength (UCS) tests were performed on sandstone
and siltstone. UCS values vary from 40 MPa to 74 MPa. Lugeon values plotted along the drilling
depth (See Figurel0) show that Lugeon values are less than 2 throughout the tested area. High
RQD values also confirm these low permeability results. Reduced grout curtain depths may be
considered.

Valley Bed:

I. Valley bed borehole RQD values, plotted on Figure 9, show great variation of RQD values. The
RQD values are less than 40 at a depth of 100 ft (30 m) where curtain grouting up to 100 ft (30
m) depth is required.

2. Unconfined compressive strength varies from 0.8 MPa to 48.2 MPa. At the upstream toe of the
dam, UCS values vary from 0.8 MPa to 10.7 MPa in the depth range of 30 to 60 ft (9 to 18 m).

3. Lugeon values were plotted along the drilling depth (See Figure 10) which shows Lugeon values
as high as 75 at a drilling depth of 100 ft (30 m); therefore, in order to avoid excessive
underground seepage, a grout curtain with a minimum depth of 100 ft (30 m) is required in the
deepest section of river valley.

4. Gradation envelops for zone materials (Zone-2, 3, 4A and 4B) are given in the detailed design;
however the basis of these envelopes or a gradation analysis of quarry material along with
laboratory testing results of these zone materials is not given.

4.2.2 Spillway

The foundation condition of the spillway has been assessed using RQD values obtained from
available boreholes logs KTR-7 (drilled at chute) and KTV-7 (drilled at stilling basin). RQD values
were plotted along the drilling depth as shown on Figure I'| which shows that RQD values at the
chute location are generally greater than 60, whereas RQD values at the stilling basin vary from 20
to 100 at different depth horizon. These overall RQD values show that the rock mass quality is fair
and can bear the structural load after providing the consolidation grouting at the crest area.

Lugeon values obtained from drilling of boreholes (KTV-7, KTR-7 and KTR-2) at the proposed
spillway location were plotted on Figure | |. This plot shows that up to 50 ft (I5 m) depth, the
Lugeon values range from 20 to 40; therefore the grout curtain should be extended to at least 50 ft
(15 m) depth below the foundation level.

No laboratory testing for samples from borehole KTR-7 (drilled at chute and near to crest) was
carried out; therefore rock strength parameters cannot be established for this critical location which
will be heavily loaded with gates, piers and other loading structures.
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Provision of drainage galleries, relief wells, and drainage mesh seems to be sufficient to control the
uplift pressures and seepage control.

4.2.3 Diversion and Power Tunnels

As mentioned above, three boreholes (KTR-I, KTR-8 and KTR-9) were drilled at the tunnels site.
Due to non-availability of laboratory test results for KTR-8 and KTR-9, laboratory test results of
borehole KTR-I were used to evaluate and assess the geotechnical design of the tunnels. To analyze
the tunnels either by using full implementation of generalized Hoek-Brown failure criterion or Mohr
Coulomb, requires extensive data for rock mass characterization (RMR or GSI classification).
Various in-situ and laboratory strength test would also be desirable but to date have not been
carried out.

Based on the engineering judgment, available borehole information, and considering the RMR
classification as mentioned for the Component | feeder tunnel, the rock mass characterization
parameters identified in Table 4-1 were established for Generalized Hoek-Brown failure criterion.

Table 4-1: Rock Mass Parameters Established for Generalized Hoek-Brown Failure
Criterion for Diversion Tunnels

Material Unit Young's | Poisson’s | Failure Intact RM GSI
weight | Modulus | Ratio Criterion Compressive | R
(kN/m3) | (GPa) strength
(MPa)
Sandstone | 24.6 418 0.09 Generalized " 5, 40 35
Hoek-Brown

Strength factors with and without the proposed rock support systems (Support Type A, B and C),
along the excavated tunnel surface, were estimated using the software Rocscience Phase? v 7.0.
Figure 12 shows the strength factors for both the tunnels considering no support system. The
contour of strength factor 1.00 around the tunnel in Figure 12 shows that supports are required all
along the periphery of the tunnels cross section. The three proposed rock support types have then
been analyzed at the excavated tunnel surface and their influence on strength factors is shown on
Figures 13, 14 and |5, respectively. Figures 13, 14 and |5 show that even after applying the
proposed support types, the bottom face of both tunnels have a strength factor less than 1.00 which
indicates possible heaving (inward deformation) of the tunnel invert; therefore redesign of the rock
support system by firming up the RMR values and based on tunneling experience in that area is
recommended.

4.2.4 Powerhouse No. |
(a) Penstock for Powerhouse No. |

Sub-surface information for Powerhouse No. | and its penstock was been obtained from borehole
KTR-6, which was drilled to a depth of 150 ft (45.7 m). The various design drawings (Refer to
Drawings No. KTDP101-CIVIL-402 to 407 (Annexure A)) show that the penstock will be placed in a
100 (30 m) to 140 ft (43 m) deep rock. Borehole information of KTR-6 encountered shale bedrock
below 46 ft depth at this location. It means that major portion of the penstock will be placed on
shale.

The shale is weak with an unconfined compressive strength of 10 to 19 MPa. The design slope of
8V:IH may be too steep for this rock mass. Stability analyses will need to be carried and the
excavated slope may need to be flattened to a gradient of about 2V:IH. No information for the
backfill of the penstock trench is available. It is noted that this portion of the penstock is a part of
the main dam downstream shell, which should be filled with compatible material.

(b) Powerhouse No. |

The excavation drawings (refer drawings no. KTDPI0I-CIVIL-411 to 413 (Annexure A)) show that
the powerhouse excavation depth at the centerline ranges from 54 ft to 81 ft. Borehole KTR-6
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indicates that shale bedrock has been encountered at this depth range. The bearing capacity of
foundation rock should high enough to support the dynamic loading of turbine vibration.
Consequently, it may be necessary to carry out consolidation grouting to strengthen the foundation
rock.

Rock cut slopes are kept at 8V:1H which seems quite steep from a stability point of view; therefore
it is suggested that rock cut slope should not be steeper than 4V:IH. The design of rock cut slopes
along the periphery of the powerhouse has not been carried out.

4.2.5 Weir, Power Tunnel and Powerhouse No. Il
(a) Weir- 1l

The foundation of the weir is placed on overburden with an adequate drainage system; however to
design the filter system under the foundation, gradation analyses of base material (alluvium) should
be available. In addition, in order to assess the in-situ compactness of overburden material, field
density tests should be carried out during the excavation of test pits.

Test pits investigations, field density tests, and analyses were not carried out during feasibility and
detailed engineering design stages.

Based on the available data of RQDs and Lugeon values, the provided slurry cutoff wall seems
sufficient.

Details of the embankment (98 ft or 30 m wide) design adjacent to the weir structure have not been
provided. Typical section details, instrumentation details, zoning details and foundation design of the
embankment should be designed on the basis of available construction material and foundation
conditions. Stability and seepage analyses for the embankment have not been given.

The foundation of the weir is placed over the silty sandy gravelly strata; therefore it is anticipated
that with the higher earthquake magnitude of 0.8g, liquefaction potential exists. Liquefaction
potential should be assessed in next stage of studies.

(b) Power Tunnel -1l

A horseshoe shape power tunnel (16 ft (4.8 m) diameter and 5,400 ft (1645 m) long) has been
proposed to convey the water from the right abutment intake to the penstock. This tunnel passes
through alternating beds of sandstone and shale. The sandstone beds predominate. Based on the
data from three boreholes (KTPT-1, KTPT-4 and KTPT-5) the following geotechnical evaluation and
assessment were made:

RQD’s, Lugeon and UCS values obtained from the drilling of three boreholes was plotted along the
drilling depth and are given on Figure 16, which shows that most of the RQD values at the elevation
of the tunnel cross section varies from 20 to 60. Low RQD values show that rock is poor to fair
quality. Lugeon values at the tunnel elevation are less than 4, which shows that rock is impervious
and potential seepage problems will be low. Similarly, UCS values at tunnel elevation varies from 10
to 20 MPa, which are also adequate to sustain tangential and radial stresses along the excavated
tunnel surface, provided with the recommended support systems.

However, RMR classification for the design of rock support system, details of rock mass
characterization and strength parameters are required which have not been carried out during
feasibility and detailed engineering design. The recommended rock support design as given in
drawing KTDPIOI-CIVIL-539 (Annexure A) generally seems adequate.

(c) Forebay for Powerhouse No. Il

The Powerhouse No. Il forebay foundation has been placed in a 63 to 68 ft (19.2 to 20.7 m) depth
rock excavation (Refer drawing no. KTDP [01-CIVIL-57| to 572 (Annexure A)). Drawings show
that rock is excavated at an angle of 8V:IH, which seems too steep. A angle of 4V:IH may be more
appropriate.
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No boreholes have been drilled for the forebay area; therefore, it is difficult to predict the type of
bedrock, which may be either shale or sandstone. No information about the backfill material around
the forebay is given. Plans for treatment of excavated rock slope along the periphery of forebay have
also not been given. Depending upon the rock encountered, it may be necessary to provide rock
bolts and/or shotcrete at selected locations along the rock slope.

(d) Penstock for Powerhouse No. Il

No borehole or geology information is available for the penstock area. Excavation drawing (KTDP
101- CIVIL- 586 (Annexure A)) is available and shows that a maximum excavation of about 23 ft to
26 ft (7 to 8 m) will be required. Information for backfilling of the excavation cut and rock slope
treatment is not available at this time.

(a) Powerhouse No. Il

The excavation plan and cross section drawings for Powerhouse No. || (KTDP 101-CIVIL-591 to 594
(Annexure A)) indicate that Powerhouse No. Il will be founded on bedrock at the base of an 80 to
90 ft deep excavation. No boreholes were drilled in the vicinity of the powerhouse area to obtain
sub-surface geological and geotechnical information.

4.2.6 Weir, Power Tunnel and Powerhouse No. Ill
(2) Weir-lll

Data i.e. RQD’s, Lugeon and UCS values from boreholes (KPH-I, KPH-2 and KPH-2A) were plotted
on Figure 17 which shows that Lugeon values below the foundation of the weir vary between | to
5 up to the depth of 22 ft (7 m). This indicates a low permeable strata and the provided drainage
system seems sufficient. UCS data plot on Figure 17 shows that UCS values are less than 2 MPa
below the foundation level. The test data available to evaluate the UCS of rock seems insufficient.
More laboratory tests should be carried out. Based on available UCS, consolidation grouting may be
required to strength the rock mass; however RQD values are above 40 below the weir foundation
level showing fair to good quality rock. Adequate drainage systems and relief wells are provided to
control the uplift pressures.

Diversion and care of water during construction were not considered during design of the weir. A
two staged cofferdam diversion system needs to be planned and designed.

(b) Power Tunnel- 1l

A circular shape power tunnel (16 ft (4.9 m) diameter and 3,250 ft (990 m) long) has been proposed
to convey water from the intake to the penstock. The tunnel alignment passes through alternating
beds of sandstone and shale with a dominant portion of sandstone (Refer to Drawing No. KTDP-
DDR-3.1l (Annexure A)). Little drilling has been carried out to confirm bedrock characteristics. On
the basis of available data, the following geotechnical evaluation and assessment were made:

Borehole data (RQD’s and Lugeon values and borehole log) from the nearby powerhouse, borehole
KPH3-3, was plotted on Figure 18. This figure indicates that most of the RQD values at the tunnel
elevation vary from 60 to 80, which show that rock is of good quality. Lugeon values at tunnel
elevation are less than 2, which indicates low permeability and that seepage into the tunnel will be
minor. No site specific rock strength testing has been carried out.

RMR classification for design of the rock support system, details of the rock mass characterization,
and strength parameters were not carried out during feasibility and detailed engineering design.
However, the recommended rock support design as given in drawing KTDPI0I-STR-693
(Annexure A) seems to be adequate.

(c) Penstock for Powerhouse No. Il

Borehole and site specific geological information are not available for the penstock. The excavation
drawings (KTDP101-CIVIL-703 and 704 (Annexure A)) and penstock alignment drawing (KTDP101-
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CIVIL-706 (Annexure A)) show that the maximum excavation at centerline will be about 20 ft to 40
ft.

(d) Powerhouse No. Il

The excavation plan and cross section drawings of Powerhouse No. lll (Refer to Drawings No.
KTDPIOI-CIVIL-711 to 714, 720, 721, and 725 to 732 (Annexure A)) show that this structure will
be placed at the base of a rock excavation that will have an average depth of about 75 ft (23 m). No
boreholes were drilled at this site to get the sub-surface geological and geotechnical information.

Since the rock type in the area is generally comprised of alternating beds of sandstone and shale, it is
important to know whether the foundation rock type for the Powerhouse No. lll is in shale or
sandstone so that appropriate foundation treatment may be designed.

Rock cut slopes were kept at 4V:IH which seems reasonable from a stability point of view.

4.2.7 Saddle Dam

It is proposed that a topographic survey and geotechnical investigations should be carried out during
the construction phase mobilization period to allow for detailed design of the saddle dam.

4.3 Component 3

Geotechnical investigations have not been carried out for any portion along the canals; therefore
geotechnical assessment without sub-surface information could not be made.
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5 IMPACTS

An adequate geotechnical field investigation, sufficient laboratory testing, and the selection of
appropriate geotechnical design parameters play an important role during the detailed analyses and

design of the project features to ensure that the project is both safe and economical.

In view of the above, geotechnical impacts in term of magnitude, extent, duration and probability of
likelihood were evaluated on the basis of insufficient geotechnical investigation, testing information
available, and the design and analyses of project components.

5.1
5.1.1

Component |

Impacts during Design Phase

The impacts considered for design phase of Component| are summarized in Table 5-1.

Table 5-1:Geotechnical Impacts of Component | during Design Phase

Sr. | Description Magnitude Extent Duration Probability
No. of
Likelihood

a) | Kaitu Weir and Allied Structures

I Insufficient geotechnical | High/major (H) | Site Specific Long-Term Medium to
investigation and (LT) High
laboratory testing for
head regulators

2 Establishment of High/major (H) | Site Specific Long-Term High
geotechnical design (SP) (LT)
parameters

3 Stability and seepage High/major (H) | Site Specific Long-Term Probable
analysis (SP) (LT)

4 Bearing capacity High/major (H) | Site Specific Long-Term Probable
analyses for foundations (SP) (LT)

5 Stability analyses for High/major (H) | Site Specific Long-Term Probable
retaining walls (LT)

b) | Kaitu Feeder Tunnel

I All laboratory test High/major (H) | Local (L) Long-Term High
results are missing (LT)

2 Inadequate RMR Moderate (M) | Site Specific Medium-term | Probable
Classification (SP) (MT)
Design of Rock support
system

3 Stress analysis of tunnel | High/major (H) | Site Specific Long-Term Probable
not performed (SP) (LT)

c) Powerhouse No. IV and V

I No geotechnical High/major (H) | Site Specific Long-Term Highly
investigation and (SP) (LT) probable
laboratory testing

2 Non-availability of High/major (H) | Site Specific Long-Term Highly
geological information (SP) (LT) probable

3 No static and dynamic High/major (H) | Site Specific Long-Term Highly
analyses of powerhouse (SP) (LT) probable or
foundation has been definite
performed

d) | Sheratalla and Spaira Ragha Canals Systems
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I Non-availability of High/major (H) | Site Specific Long-Term Highly
geotechnical (SP) (LT) probable or
investigation and definite
laboratory testing

2 Stability analyses have High/major (H) | Site Specific Long-Term Highly
not been performed (SP) (LT) probable or

definite
5.1.2 Impacts during Construction Phase

The impacts considered during the construction phase of Component | are summarized in Table

5-2.

Table 5-2: Geotechnical Impacts of Component | during Construction Phase

Sr. | Description Magnitude Extent Duration Probability of

No. Likelihood

I Downstream High/major (H) | Regional Medium-term | Highly probable
cofferdam for Kaitu (MT) or definite
Weir has not been
considered

2 Dewatering issues not | High/major (H) | Regional Medium-term | Highly probable
discussed (MT)

3 Installation of tunnel High/major (H) | Local Short-Term Highly probable
lining and rock (ST)
support system

4 Disposal of excavated | Moderate (M) Local Short-Term | Probable
material/ suitability to (LT)
be used in
construction of
cofferdams

5.2 Component 2

5.2.1

Impacts during Design Phase

The impacts considered for the design phase of Component 2 are summarized in Table 5-3.

Table 5-3: Geotechnical Impacts of Component 2 during Design Phase

Sr. Description Magnitude Extent Duration Probability
No. of Likelihood
a) Main Dam and Spillway
I Consolidation Grouting | High/major (H) | Regional Long-Term Highly
(LT) probable or
definite
2 Establishment of Moderate (M) Site Specific | Long-Term Probable
geotechnical design (SP) (LT)
parameters
3 Stability and seepage Moderate (M) Site Specific | Long-Term Probable
analysis (SP) (LT
4 Bearing capacity Moderate (M) Site Specific | Long-Term Probable
analyses for foundations (SP) (LT)
5 Design of filters Moderate (M) Site Specific | Long-Term Probable
(SP) (LT)
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b) Diversion and Power Tunnel

I Insufficient laboratory High/major (H) | Local (L) Long-Term Highly
test results (LT) probable or

definite

2 Design of Rock support | Moderate (M) Site Specific | Medium-term | Probable
system (SP) (MT)

3 Development of design | Moderate (M) Site Specific | Medium-term | Probable
parameters (SP) (MT)

4 Stress analysis of tunnel | High/major (H) | Site Specific | Long-Term Probable

(SP) (LT)

c) Powerhouses

I Insufficient geotechnical | High/major (H) | Site Specific | Long-Term Highly
investigation and (SP) (LT) probable
laboratory testing

2 Stability and seepage Moderate (M) Site Specific | Long-Term Probable
analysis for weirs (SP) (LT

3 Static and dynamic High/major (H) | Site Specific | Long-Term Highly
analyses of powerhouse (SP) (LT) probable or
foundation definite

5.2.2 Impacts during Construction Phase

The impacts considered during construction phase of Component 2 are summarized in Table 5-4.

Table 5-4: Geotechnical Impacts of Component 2 during Construction Phase

Sr. Description Magnitude Extent Duration Probability of

No. Likelihood

I Installation of tunnel High/major (H) Local Short-Term Highly
lining and rock support (ST) probable
system

2 Disposal of excavated Moderate (M) Local Short-Term Probable
material/ suitability to (LT
be used in construction
of cofferdams

3 Rock cut slope stability | Moderate (M) Local Short-Term Probable
analyses (LT)

5.3 Component 3

5.3.1 Impacts during Design Phase

The impacts considered for the design phase of Component 3 are summarized in Table 5-5.

Table 5-5: Geotechnical Impacts of Component 3 during Design Phase

Sr. Description Magnitude Extent Duration Probability
No. of Likelihood
I Non-availability of High/major (H) | Regional Long-Term Highly
geotechnical (LT) probable
investigation and
laboratory testing
information
2 Establishment of Moderate (M) Site Specific | Long-Term Probable
geotechnical design (SP) (LT)
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parameters

3 Stability and seepage Moderate (M) Site Specific | Long-Term Probable
analysis (SP) (LT)

5.3.2 Impacts during Operation Phase

The impacts considered for the operation phase of Component 3 are summarized in Table 5-6.

Table 5-6: Geotechnical Impacts of Component 3 during Operation Phase

Sr. Description Magnitude Extent Duration Probability

No. of Likelihood

I Loss of water due to High/major (H) | Regional Long-Term Highly
seepage and its effect on (LT) probable

surrounding areas
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6 MITIGATION AND RECOMMENDATIONS
6.1 Components | and 2

Sufficient geological investigations were carried out for the Components | and 2 schemes to
establish overall project feasibility and enable realistic cost estimates; however there is insufficient
data and analysis for a final design effort.

The current review has not identified any fatal flaws and the level of geological detail supports the
current project layouts and structure designs. Project planning may proceed on the basis of existing
information; however further field investigations, including additional geological mapping and
boreholes are needed to enable detailed design to be completed. It is noted that further work is
needed to evaluate the reservoir area at the main dam of Component 2, but current assessments of
the satellite imagery and regional geology maps indicate that there are no significant unfavorable
issues except the addition of a saddle dam. Project designs are reasonable and appropriate for this
level of study; however, as noted in the preceding chapters, design reviews, additional analyses and
detailing work are still needed. Major items of work to be completed to finalize the design include
the following:

I. Carry out additional field investigations as noted in this review document.

2. Carry out additional design work as recommended.

3. Perform seismic stability analyses using the new ground motion parameter i.e. 0.8g.
4

Review the foundation designs of structures which are founded on overburden material. These
should be revised and rock foundations should be used wherever possible. In general, it is
expected that all major weirs and other water retaining structures can be placed on bedrock
foundations. If still foundations are placed on overburden, liquefaction potential of foundation
strata should be assessed and the design should be revised accordingly.

5. Assess the reservoir geology using published geological maps, topographic plans and satellite
imagery. This task will establish the principal geology units and define major structure in the
area to be flooded. Reservoir assessments will include the classification of lands to be flooded,
landslide hazard assessment and confirmation that the reservoir will be acceptably watertight.

6. Assemble and assess the various missing data items that are noted in this report. This includes
feasibility study borehole logs and laboratory testing data and all other geotechnical information
noted herein in previous sections. This information should be incorporated into the existing
database and assessed in light of the current geotechnical designs. Design revisions should be
made if warranted by the new information.

7. The Saddle dam, cofferdams and diversion system needs to be planned and designed.
6.2 Component 3

No geological site investigations were carried out for this scheme. Based on experience in this area,
the overall scheme is reasonable and the conceptual layouts and designs are appropriate; however
feasibility level designs and more accurate cost estimates must be verified by a field investigation
program that includes drilling, geological mapping and a construction materials assessment.
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KURRAM TANGI DAM PROJECT
HISTOGRAMS

Figure 6
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Kaitu Weir Longitudinal Section
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Figure 7: Uplift Pressure Graph for Kaitu Weir
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Figure 8
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KURRAM TANGI DAM PROJECT (Dam Site)

Lugeon value Vs Depth

Figure 10
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Figure 11
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Figure 12: Strength factors for Diversion Tunnels without support system
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Figure 13: Strength factors for Diversion Tunnels with Support Type A
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Figure 14: Strength factors for Diversion Tunnels with Support Type B
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Figure 15: Strength factors for Diversion Tunnels with Support Type C



Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



Figure 16
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KURRAM TANGI DAM PROJECT
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Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

Annexure A: Drawings and Figures from Detailed Design Report and Feasibility Study

Figure No. 2.10, “Geological Map of Kaitu Weir”

KTDPI0I-CIVIL-402, “Power House-l Penstock Excavation Plan”
KTDPI10I-CIVIL-403, “Power House-l Penstock Cross Section A-A Excavation”
KTDPI10I-CIVIL-404, “Penstock Cross Section B-B Excavation Power House-I”
KTDPI10I-CIVIL-405, “Penstock Cross Section C-C Excavation Power House-I”
KTDPI10I-CIVIL-406, “Penstock Cross Section D-D Excavation Power House-I”
KTDPI10I-CIVIL-407, “Penstock Cross Section E-E Excavation Power House-I”
KTDPI101-CIVIL-41 1, “Power House-| Longitudinal Section A-A Excavation”
KTDPI0I-CIVIL-412, “Power House-| Excavation Section B-B”
KTDPI0I-CIVIL-413, “Power House-l Excavation Section C-C”
KTDPI101-CIVIL-539, “Weir-ll Typical Cross Sections of Tunnel & Support Measure”
KTDPI101-CIVIL-571, “Power House-Il Forebay Excavation Section A-A”
KTDPI101-CIVIL-572, “Power House-Il Forebay Excavation Section B-B”
KTDPI10I-CIVIL-586, “Power House-ll Penstock Excavation Sections”
KTDPI10I-CIVIL-591, “Power House-ll Excavation Plan”

KTDPI10I-CIVIL-592, “Power House-ll Excavation Section A-A”
KTDPI10I-CIVIL-593, “Power House-ll Excavation Section B-B”
KTDPI10I1-CIVIL-594, “Power House-ll Excavation Section C-C”
KTDPI10I-CIVIL-661, “Weir-lll Excavation Section A-A”

KTDPI0I-CIVIL-703, “Power House-lll Penstock Excavation Plan”
KTDPI10I-CIVIL-704, “Power House-lll Penstock Excavation Sections”
KTDPI101-CIVIL-706, “Power House-lll Penstock Alignment”
KTDPIOI-CIVIL-71 1, “Power House-lll Excavation Plan”

KTDPI0I-CIVIL-712, “Power House-lll Excavation Section A-A”
KTDPI0I-CIVIL-713, “Power House-lll Excavation Section B-B”
KTDPIOI-CIVIL-714, “Power House-lll Excavation Section C-C”
KTDP101-CIVIL-720, “Power House-lll Drainage Arrangement Plan”
KTDPI0I-CIVIL-721, “Power House-lll Drainage Arrangement Section A-A”
KTDPI0I-CIVIL-725, “Power House-lll Plan at El. 1576.55’ Concrete Outline”
KTDPI0I-CIVIL-726, “Power House-lll Plan at El. 1584.75’ Concrete Outline”
KTDPI0I-CIVIL-727, “Power House-lll Plan at El. 1594.25’ Concrete Outline”
KTDPI10I-CIVIL-728, “Power House-lll Roof Plan at El. 1607.55’ Concrete Outline”
KTDPI10I1-CIVIL-729, “Power House-lll Roof Plan at El. 1653.94’ Concrete Outline”
KTDPI101-CIVIL-730, “Power House-lll Cross Section A-A Concrete Outline”
KTDPIOI-CIVIL-731, “Power House-lll Cross Section B-B Concrete Outline”
KTDPI0I-CIVIL-732, “Power House-lll Cross Section C-C Concrete Outline”
KTDPI102-CIVIL-781, “Power House-V Tunnel and Penstock Profile”
KTDP101-STR-693, “Weir-Ill Typical Tunnel Details”

KTDP102-GEO-025, “Surface Geological Map” (6 sheets)

KTDCI01-GEO-058, “Geological Section (C-C) Along Spillway”
KTDP-DDR-3.1, “Surface Geological Map of Dam Site”

KTDP-DDR-3.2, “Geological Section Along Dam Axis (D-D)

KTDP-DDR-3.3, “Geological Section Right Abutment (A-A)”

KTDP-DDR-3.4, “Geological Section Along Spillway (S-S)”

KTDP-DDR-3.5, “Geological Map of Weir for Power House-II”
KTDP-DDR-3.7, “Geological Section Along Power Tunnel-II”

KTDP-DDR-3.8, “Geological Map of Weir for Power House-III”
KTDP-DDR-3.10, “Geological Map of Power Tunnel-IlI”

KTDP-DDR-3.11, “Geological Section (BB’) Along Tunnel-IlI”

KTDP-DDR-6.10, “Main Dam Instrumentation Section 3-3”

KTDP-DDR-6.11, “Main Dam Instrumentation Section 4-4”

KTDP-DDR-8.6, “Power Tunnel Typical Cross Sections of Tunnel & Support Measure”
KTDP-DDR-8.20, “Diversion Tunnel and Tunnel Support Measures Typical Details”



Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



N—1084,300
N—1084,200
N-1084,100
=S ===
7 \\ 23731
N—1084,000
1
7 ;
V iy
1
72.{
T2 ]
X
N-1083,90
#
b
2 T e G/
7‘7 7
—
68
—a
N-1083,800" = S
o (=]
8 n g
3 3
o o P
M N
M b

:é’fg

E—3244,400

2350

2350

X

1l

2350

E—-3244,500

E—-3244,600

7
77

f00.1

lm.7/<-53'
s
| ok
% Ao
An- 2558
\'\>l, )
bV
X
|~
S
7
7,
29
N
2 %%
23488 \
X
8
~
3
5
NOTES

ALL COORDINATES ARE IN YARDS
ALL TOPOGRAPHY ARE IN FEET

E-3244,800

LEGEND

SANDSTONE
SHALE+SILTSTONE

OVERBURDEN
(SCREE, ALLUVIUM)

OVERBURDEN (COmpucted)
(SAND, GRAVE

SAND STONE GRITTY

RIVER CHANNEL
(SAND, GRAVELS, BOULDERS)

80 BN

///////

BORE HOLE COMPLETED ®
80

DIP STRIKE OF JOINTS -

DIP STRIKE OF BEDS /(87'

CHANNEL
CUT & COVER CONDUIT

200

400 FEET|

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

GEOLOGICAL MAP OF
KAITU WEIR

KURRAM TANGI DAM CONSULTANTS
188 -, COMMERCIAL AREA, PHASE-I,
D.HA, LAHORE.




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



EXCAVATION LINE

POWERHOUSE

Iy
@ Lafbn

iy ITy
~LT]
m’.""‘z’l""""lln

+1861.9

PENSTOCK EXCAVATION PLAN

REFERENCE DRAWINGS

1. FOR LOCATION OF POWER HOUSE SEE DWG. NO.
KTDP101—CIVIL—401

FOR SECTION A—A SEE DWG. NO. KTDP101-CML—-403

FOR SECTION B—B SEE DWG. NO. KTDP101-CIVIL-404

FOR SECTION C—C SEE DWG. NO. KTDP101-CIML-405

FOR SECTION D-D SEE DWG. NO. KTDP101-CIVIL—406

FOR SECTION E—E SEE DWG. NO. KTDP101-CMIL—407

FOR PENSTOCK L—PROFILE SEE DWG. NO. KTDP101-—CIVIL—408

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

NoorunN

1] LY, 2007| MODIFICATION FOR INCREASE IN DAM HEIGHT ZN/SA
S.NO. DATE DESCRIFTIONS CHECK

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

POWER HOUSE-I
PENSTOCK EXCAVATION PLAN

KURRAM TANGI DAM CONSULTANTS

-[ ;OMOA-WEWERM AREA, PHASE-IL




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

2010

2000

1990

1980

1970

1960

1950

1940

1930

1920

1910

1900

1890

1880

1870

1860

1850

1840

1830

1820

1810

1800

|

1
EL.1813.42

__ | | 5 | | 5 | | ) | | 14'-3" 14'-3" s | 5 | 5 | 5 5 | | 5 | | __
3-1"/ 3-2 3'-2" \3'-2" g \& -2t \3'=2" \3'=2" \3'-2" \2'-7"
60 ;0 JO ;0 ;0 JO 0o 1% ;0 ;O Jo go ;0 JO 80

DISTANCE IN FEET.

PENSTOCK CROSS SECTION A—A

1930

1920

1910

1900

1890

1880

1870

1860

1850

1840

1830

1820

1810

1800

REFERENCE DRAWINGS

1

FOR LOCATION OF SECTION SEE DWG. NO. KTDP101-CIVIL—402

NOTES

ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

1

25 50 FEET

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

POWER HOUSE-I
PENSTOCK

CROSS SECTION A—A EXCAVATION

KURRAM TANGI DAM CONSULTANTS

188 -Y, COMMERCIAL AREA, PHASE-N,
D.HA, LAHORE.

[DRAWN: MNAEEN NINHAS 2005
—HASSAN [DRAWING NO.

CHECKED: D.K.KIRMANI

[APFROVEDT —| NI ANWER KTDP101-CVIL-403




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

1960 —

1950 —

1940 —

1930

1920

1910

1900 —

1890 —

1880 —

1870

1860 —

1850 —

1840 —

1830 —

1820

1810

1800

¢

EL1811)

— 1960

—1— 1950

- 1940

—1930

1920

—1910

1900

1890

—1880

1870

- 1860

I~ 1850

1840

- 1830

1820

—1810

1800

60

50

_|7'I
3-3"

T
40

5|
T

30

5 5 8'-3"
3-2" \3-2" \3-2"
T T
0 1

2 0 0 10 20 30 40 50

DISTANCE IN FEET.

PENSTOCK CROSS SECTION B-B

110

REFERENCE DRAWINGS

1. FOR LOCATION OF SECTION SEE DWG. NO. KTDP101-CML—402

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

20 40 FEET

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

PENSTOCK
CROSS SECTION B—B EXCAVATION
POWER HOUSE-I

[DRAWN: MNAEEN NINHAS
—HASSAN
CHECKED: D.K.KIRMANI
|APPROVED: JAML ANWER

T KURRAM TANGI DAM CONSULTANTS
[ 188 -Y, COMMERCIAL AREA, PHASE-IN,
D.HA, LAHORE.

KTDP101—CIVIL—404




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



ELEVATION IN FEET.

1930 —

1920 —

1910 —

1900 —

1890 —

1880 —

1870 —

1860 —

1850 —

1840 —

1830 —

1820 —

1810 —

1800

1 1
EL.1809

” 5 | | 5 5 | 8-3" 8'-3"
1

5
|3"_2' B FC T 35_2- ' 3'._2- \

— 1930

[~ 1920

— 1910

— 1900

— 1890

— 1880

— 1870

— 1860

— 1850

— 1840

— 1830

— 1820

—1810

50

T | T T T T I !
40 30 20 10 0 10 20 30 40

DISTANCE IN FEET.
PENSTOCK CROSS SECTION C-C

1800
80

REFERENCE DRAWINGS

1. FOR LOCATION OF SECTION SEE DWG. NO. KTDP101-CIVIL—402

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

0 15 30 _FEET

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

PENSTOCK
CROSS SECTION C—C EXCAVATION
POWER HOUSE-I

T KURRAM TANGI DAM CONSULTANTS
n[ s.ullu.h_mm AREA, PHASE-IN,

[DRAWN: MNAEEN NINHAS
SHT-UL-HASSAN
CHECKED: D.K.KIRMANI
|APPROVED: JAML ANWER

KTDP101—CIVIL-405




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



ELEVATION IN FEET.

1920

1910

1900

1890

1880

1870

1860

1850

1840

1830

1820

1810

1800

—1920

—1910

— 1900

—1890

—1880

—1870

—1860

—1850

—1840

—1830

—1820

—1810

1800

¢
/
—_—
—_—
—_—
1
EL.1806.75)

|5 | | s | | s | [e5 [e5 | | 5| | 5| |
6_-/‘ -_2-] 32" 3'=2"] [3=2" 3—2" ‘_v,-_z-
I I I I I I I | I

60 50 40 30 20 10 3} 10

PENSTOCK CROSS SECTION D-D

DISTANCE IN FEET.

70

REFERENCE DRAWINGS

1. FOR LOCATION OF SECTION SEE DWG. NO.
KTDP101-CVIL—402

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

PENSTOCK
CROSS SECTION D—D EXCAVATION
POWER HOUSE-I

T KURRAM TANGI DAM CONSULTANTS
n[ s.ullu.h_mm AREA, PHASE-IN,

[DRAWN: WNAEEN_NINHAS REV. No.
SHT-UL-HASSAN DRAWNG NO.

CRECKED: RN

e KTDP101-CIVIL—406




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

1920 —1920
1910 1910
1900 1900
N €
~N
1890 | N 1890
4 | AN L
1880 N 1880
- \ -
~
1870 I ~ 1870
~~
\\
i | — L
\
1860 | ~— L1860
4 | | T — _ -
1850 | | L4850
| Js i
1840 -] ] L1840
J | I L
1830 I 1830
1820 — s[ | I J s 1820
7 1 /1 r
EL.1809.75 - - - - 1
1810 B 7 @ N 1810
1800 — | |8'_2'. 5 | | 5 | | I 31" 31° ] | | 5 | | 5 I 1800
2'-3" 321 3-2 —9" 5'-9" -2 [r—2"\a" |
1790 - 1790
1780 ] I 1780
1770 1770
i | L
1760 -] L1760
1750 T T T T T T T T T T T T T T T T T T T T T 1750
90 8 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

DISTANCE IN FEET.
PENSTOCK CROSS SECTION E—-F

REFERENCE DRAWINGS

1. FOR LOCATION OF SECTION SEE DWG. NO. KTDP101-CIVIL—402

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

50 FEET

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

PENSTOCK
CROSS SECTION E—E EXCAVATION

KURRAM TANGI DAM CONSULTANTS
188 -, COMMERCIAL AREA, PHASE-I,
D.HA, LAHORE.

POWER HOUSE-I
€

[DRAWN: MNAEEN NINHAS
—HASSAN
CHECKED: D.K.KIRMANI
|APPROVED: JAML ANWER

KTDP101=CIVIL-407|




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

1900 ~1900
1890 | 1890
1880 | - 1880
1870 | T L1870
1860 S5 | — S L 1860
-
-
-
-
1850 | _— \ L1850
|
1840 - I S~— L1840
— _— — P
8\\ — - —
1830 | L1830
i 1826.17 | —
1820 | L1820
1810 | { | J s L1810
8
1
1800 1 179471 L1800
| .
1790 | S 1790
"
1780 | | L1780
56' 46'—6"
1770 [ T ,'-Zl 102'-6" 50'-5" | -1770
VARIES “\-VARIES
1760 | | L1760
1750 T T T T T T T T T T T T T T T T T T T T T T T T 1750
120 110 100 90 8 70 60 50 40 30 20 10 O 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150
0 25 50 FEET
f
[
LONGITUDINAL SECTION A—A REFERENCE DRAWINGS [ e SEx

1. FOR LOCATION OF SECTION A—A SEE DWG. NO. KTDP101-CIVIL—410

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

POWER HOUSE-I
LONGITUDINAL SECTION A-A
EXCAVATION

KURRAM TANGI DAM CONSULTANTS
188 —Y, COMMERCIAL AREA, PHASE-II,
D.HA, LAHORE.

EB REV. No.
[DRAWING NO.

KTDP101-CIVIL-411

IDRAWN: NADEEM
[DESIGN: 'SIBT—UL—HASSAN
[CHECKED: D.KKIRMAND
[APPROVED: JAMIL ANWER




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

REFERENCE DRAWINGS
1920 — —1920
1. FOR LOCATION OF SECTION A-A SEE DWG. NO. KTDP101-CNIL-410
1910 NOTES 1910
1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES
1900 — N — 1900
—
—
—
—
—
1890 — T — 1890
"
AN
1880 — 1880
\\ ¢
1870 — 1866.17 \ 1870
1860 — N 1860
1850 — . 1850
| o
AN
1840 — 1840
~
~
~
1830 182617 — 1830
—
—
—
—
—
1820 — — 11820
1810 — 8{ 1810
- 1805.20
3|‘- 1 11800.00
1800 — 1797.37 1800
179471
J8 1791.45
1
1790 — 1790
1784.54" o 20 40 FEET
i? e e —
i an . | 31°-5" | 15" |
1780 — le=t | o6 | oy A o L1780
! ! 15’ ! ! 12'—1" ! ! 14'-11" ! 10'=6" ! 24'-10" ! 21'—6" !3’”
VARIES 5 3-11" VARIES
1770 — 1770 —
[SNo.| _DATE DESCRIPTIONS CHECK
PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY
1760 — 1760
KURRAM TANGI DAM PROJECT
1750 T T T T T T T T T T T T T T T T T T T 1750 POWER HOUSE-
110 100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 EXCAVATION SECTION B—B
DISTANCE IN FEET.
KURRAM TANGI DAM CONSULTANTS
188 -Y, COMMERCIAL AREA, PHASE-IIl,
EXCAVATION SECTION B—B DA, CAHORE.
IDRAWN: A
DESIGNED (DRAWING NO.
|CHECKED: D.K.KIRMANI
[APPROVED: | JAML ANWER KTDP101-CIVIL-412

3




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



IN FEET.

ELEVATION

REFERENCE DRAWINGS

1920 — —1920
1. FOR LOCATION OF SECTION C—C SEE DWG. NO. KTDP101—CIVIL—410
1910 | NOTES 1910
1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES
1900 | 1900
1890 | - 1890
1880 —\ - 1880
~
~
1870 — \ 1870
~
1860 | ¢ L1860
~ \NSL
1850 | . — 1850
—
—
—
—
1840 | 1836.50 —_ - 1840
t — - —
— - —
I —
1830 | 1826.17 1830
=
1820 | 1820
1810 | 1810
1801.05

1800 |

1790 | | 20'-11° 26'-11° | 1790

| | 18'—11" | | 13'-8" | | 47°'-9" I 6'—9" I 14'—3'_/" 21°-1" | | I 15" I
o _qn 3 _10” [ z’—7”/' 3'-3"
1780 VARES | 1780
1770 | 1770
1760 | 1760
1750 T T T T T T T T T T T T T T T T T T 1750
100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100
ELEVATION IN FEET.
EXCAVATION SECTION C—-C

[ 20 40 FEET

SINO.| DATE DESCRIPTIONS CHECK

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

KURRAM TANGI DAM PROJECT

POWER HOUSE-I
EXCAVATION SECTION C-C

KURRAM TANGI DAM CONSULTANTS
188 Y, COMMERCIAL AREA, PHASE-IIl,
D.H.A, LAHORE.

7

[DRAWING NO.
KTDP101-CIVIL-413

.




Kurram Tangi Dam Project
Supplemental Report on Geotechnical Aspects

This page Left Blank Intentionally



LOCALISED BOLTS 10’ LONG

SPACED AT 10’ IN CROWN

WITH OCCASIONAL WIRE MESH

LOCATION AND DENSITY OF BOLTING

TO BE PROPOSED BY THE CONTRACTOR
AND APPROVED BY THE ENGINEER.

2" DIA HOLES FOR
CONTACT GROUTING OF CONCRETE
LINING AND/OR CONSOLIDATION

GROUTING OF ROCK

PAY LINE FOR EXCAVATION
kN o
Al |
» o)
2" SHOTCRETE
WITH OUT WIRE MESH
™ o
Al Al
o o)
CONCRETE
GRADE-20

SYSTEMATIC BOLTS 15’ LONG SPACED AT 5’ IN

CROWN AND WALLS WITH WIRE MESHPATTERN

AND DENSITY OF BOLTING TO BE PROPOSED

BY THE CONTRACTOR AND APPROVED BY THE ENGINEER.

2" DIA HOLES FOR

CONTACT GROUTING OF CONCRETE
LINING AND/OR CONSOLIDATION
GROUTING OF ROCK

PAY LINE FOR EXCAVATION

/~ AND CONC; LINING

4" SHOTCRETE
WITH WIRE MESH

= \ CONCRETE
4 GRADE-20 |
4” THICK_LEAN/BLINDING CONCRETE !

ROCK SUPPORT TYPE "A” @ 50° C/C

= \
18'—4"
" \_4" THICK LEAN/BLINDING

CONCRETE

ROCK SUPPORT TYPE "B” @ 25’ C/C

RMR CLASS—II: 61 TO 80, LENGTH=480

RMR CLASS—IV: 21 TO 40, LENGTH=4702’

(R.C.C LINING ONLY) WITH SHOTCRETE PRIOR TO LINING

47 4" 4" 4"
#3@47C/C =

ROCK BOLT _—

WELDED WIRE MESH DETAIL &
DETAIL—A ROCK BOLT (WHERE REQUIRED)

SCALE:1"=2" SCALE: 1"=2"

EXCAVATED SURFACE

N

4

CONCRETE
GRADE-20

4

4

FINISHED INTERIOR .
SURFACE

WELDED WIRE MESH

PAY LINE FOR
EXCAVATION WHERE REQUIRED

CONCRETE
GRADE—-20

N FINISHED INTERIOR
SURFACE

DETAIL-B

SCALE: 1"=2'

REFERENCE DRAWINGS

PAY LINE FOR CONCRETE LINING

1. FOR GENERAL NOTES SEE DWG. NO. KTDP—GEN—006 AND 007.
2. FOR TUNNEL PLAN LAYOUT SEE DWG. NO. KTDP101-CIVIL-537
3. FOR TUNNEL INTAKE PORTAL SEE DWG. NO. KTDP101-CIVIL-535

NOTES

1. ALL DIMENSIONS ARE IN FEET UNLESS INDICATED

OTHERWISE.

2. STEEL RIBS SPACING IS TO BE PROPOSED BY THE
CONTRACTOR AND SHALL SUBJECT TO APPORVAL BY

THE ENGINEER.

3. THE NUMBER AND TYPE OF NON—TENSIONED AND
POST—TENSIONED ROCK BOLTS ARE TO BE PROPOSED
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REFERENCE DRAWINGS

FOR LOCATION OF SECTION SEE DWG. NO. KTDP101-CIVIL-725

1.
726, 727, 728 AND 729

2. FOR REINFORCEMENT DETAILS SEE DWG. NO. KTDP101-STR-743

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES
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REFERENCE DRAWINGS

CLAMP 2' DIA PENSTOCK
I_Z_'- 2 1. FOR GENERAL NOTES SEE DRAWING NO. KTDP—GEN—006 AND 007
CLAMP 2. FOR LOCATION PLAN SEE DRAWING NO. KTDP102—CMIL—780
NOTES
1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES
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REFERENCE DRAWING

1. FOR GENERAL NOTES SEE DWG. NO.
KTDP—GEN—006 AND 007

2. FOR LOCATION OF TUNNEL SEE DWG. NO.
KTDP101—GEN-651

3. FOR TYPICAL CROSS SECTION OF TUNNEL SEE DWG. NO.
KTDP101—CIVIL-679

NOTES

1. ALL LEVELS AND DIMENSIONS ARE IN FEET AND INCHES

2. STEEL RIBS SPACING IS TO BE PROPOSED BY THE
CONTRACTOR AND SHALL SUBJECT TO APPROVAL
BY THE ENGINEER.

3. THE NUMBER AND TYPE OF NON—TENSIONED AND
POST—TENSIONED ROCK BOLTS ARE TO BE PROPOSED BY
THE CONTRACTOR AND SHALL SUBJECT TO APPROVAL
BY THE ENGINEER.

4. PROVISION OF WELDED WIRE MESH IS SUBJECT TO
APPROVAL BY THE ENGINEER.

5. INDICATED SUPPORT CLASSES ARE FOR INFORMATION ONLY
CHANGES IN THE SUPPORT DESIGN MIGHT BE REQUIRED
DURING CONSTRUCTION.
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ONLY AND ARE SUBJECT TO CONFIRMATION BY THE
ENGINEER
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$ REFERENCE DRAWINGS

1. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—GEO—029 AND 034
i 2. FOR SECTION B—B SEE DWG. NO. KTDP102—-GE0-030,031,032 AND 033
X—SECTION LINE B—B 3. FOR SECTION D—-D SEE DWG. NO. KTDP102—GEO-026
INLET PORTAL 4. FOR SECTION E—E SEE DWG. NO. KTDP102—-GEO-027
5

s TUNNEL . FOR SECTION K—K SEE DWG. NO. KTDP102—GEO-028
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> 7~ : 1. ALL COORDINATES ARE IN YARDS

2. ALL TOPOGRAPHY ARE IN FEET

3. SINCE THE ROCK IS COVERED BY +30ft THICK LAYER OF OVER
BURDEN, INCLINATION OF DIFFERENT BEDS ARE BASED ON THE
SURFACE GEOLOGY AND DRILLHOLE DATA.

4. ALL GEOLOGICAL INFORMATIONS ARE BASED ON FEW BOREHOLES AND
SURFACE GEOLOGY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR
MAKING HIS OWN INTERPERTATIONS OF GEOLOGICAL CONDITIONS.
V NEITHER THE EMPLOYER NOR THE ENGINEER SHALL ACCEPT LIABILITY
FOR ANY INACCURACY OR DEVIATION FROM THE INTERPRETATIONS SHOWN.
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REFERENCE DRAWINGS

1. FOR SECTION B—B SEE DWG. NO. KTDP102-GEO-030,031,032 AND 033
2. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—-GEO-034

NOTES

1. ALL COORDINATES ARE IN YARDS
2. ALL TOPOGRAPHY ARE IN FEET

3. SINCE THE ROCK IS COVERED BY +30ft THICK LAYER OF OVER
BURDEN, INCLINATION OF DIFFERENT BEDS ARE BASED ON THE
SURFACE GEOLOGY AND DRILLHOLE DATA.

4. ALL GEOLOGICAL INFORMATIONS ARE BASED ON FEW BOREHOLES AND
SURFACE GEOLOGY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR
MAKING HIS OWN INTERPERTATIONS OF GEOLOGICAL CONDITIONS.

NEITHER THE EMPLOYER NOR THE ENGINEER SHALL ACCEPT LIABILITY
FOR ANY INACCURACY OR DEVIATION FROM THE INTERPRETATIONS SHOWN.
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REFERENCE DRAWINGS

1. FOR SECTION B—B SEE DWG. NO. KTDP102—-GE0-030,031,032 AND 033
2. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—GEO—-034

NOTES

1. ALL COORDINATES ARE IN YARDS
2. ALL TOPOGRAPHY ARE IN FEET

3. SINCE THE ROCK IS COVERED BY +30ft THICK LAYER OF OVER
BURDEN, INCLINATION OF DIFFERENT BEDS ARE BASED ON THE
SURFACE GEOLOGY AND DRILLHOLE DATA.

4. ALL GEOLOGICAL INFORMATIONS ARE BASED ON FEW BOREHOLES AND
SURFACE GEOLOGY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR
MAKING HIS OWN INTERPERTATIONS OF GEOLOGICAL CONDITIONS.

NEITHER THE EMPLOYER NOR THE ENGINEER SHALL ACCEPT LIABILITY
FOR ANY INACCURACY OR DEVIATION FROM THE INTERPRETATIONS SHOWN.
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REFERENCE DRAWINGS

1. FOR SECTION B—B SEE DWG. NO. KTDP102-GEO-030,031,032 AND 033
2. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—GEO—-034
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i REFERENCE DRAWINGS
1. FOR SECTION B-B SEE DWG. NO. KTDP102-GEO-030,031,032 AND 033
2. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—GEO—034
N—-1086,30
NOTES
1. ALL COORDINATES ARE IN YARDS
2. ALL TOPOGRAPHY ARE IN FEET
3. SINCE THE ROCK IS COVERED BY +30ft THICK LAYER OF OVER
BURDEN, INCLINATION OF DIFFERENT BEDS ARE BASED ON THE
SURFACE GEOLOGY AND DRILLHOLE DATA.
4. ALL GEOLOGICAL INFORMATIONS ARE BASED ON FEW BOREHOLES AND
SURFACE GEOLOGY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR
MAKING HIS OWN INTERPERTATIONS OF GEOLOGICAL CONDITIONS.
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REFERENCE DRAWINGS

1. FOR SECTION B-B SEE DWG. NO. KTDP102-GEO-030,031,032 AND 033
2. FOR BOREHOLE LOGS SEE DWG. NO. KTDP102—-GEO-034

NOTES

1. ALL COORDINATES ARE IN YARDS
2. ALL TOPOGRAPHY ARE IN FEET

3. SINCE THE ROCK IS COVERED BY *30ft THICK LAYER OF OVER
BURDEN, INCLINATION OF DIFFERENT BEDS ARE BASED ON THE
SURFACE GEOLOGY AND DRILLHOLE DATA.

4. ALL GEOLOGICAL INFORMATIONS ARE BASED ON FEW BOREHOLES AND
SURFACE GEOLOGY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR
MAKING HIS OWN INTERPERTATIONS OF GEOLOGICAL CONDITIONS.

NEITHER THE EMPLOYER NOR THE ENGINEER SHALL ACCEPT LIABILITY
FOR ANY INACCURACY OR DEVIATION FROM THE INTERPRETATIONS SHOWN.
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NOTES

1. ALL TOPOGRAPHY ARE IN FEET

2, SINCE THE ROCK IS COVERED BY +20ft THICK LAYER OF OVERBURDEN. INCLINATION

DIFFERENT BEDS ARE BASED ON THE SURFACE GEOLOGY AND DRILL HOLE DATA.
3. ALL GEOLOGICAL INFORMATION ARE BASED ON FEW BORE HOLES AND SURFACE

GEOLOGY, THE CONTRACTOR SHALL BE RESPONSIBLE FOR MAKING HIS OWN

INTERPRETATIONS OF GEOLOGICAL CONDITIONS, NEITHER THE EMPLOYER NOR THE

ENGINEER SHALL ACCEPT LIABILITY FOR ANY INACCURACY OR DEVIATION FROM THE

INTERPRETATIONS SHOWN.
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Annexure B: Tables from Detailed Design Report and Feasibility Study

Detailed Design Report (DDR), Table A, “Summary of Borehole (Pre-Feasibility) Dam Site”
DDR, Table A-1, “Rock Permeabilities in Drill Holes Dam Site (Pre-Feasibility)”

DDR, Table A-2, “Summary of Laboratory Tests on Rock Samples from Drill Holes”

DDR, Table B, “Summary of Borehole (Feasibility) Dam Site”

DDR, Table B-1, “Permeabilities in Bore Holes (Feasibility) Dam Site”

DDR, Table B-2, “Summary of Laboratory Test Results Dam Site (Feasibility)
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Table - A
Summary of Borehole (Pre Feasibility)

Dam Site
Sore Hole | Co-ordinates Dip With searing Ground Drilling Length Ground Water
NoO Location North East Horizontal (Degree) Elevation Soil Rock Total Elevation
(ft) (ft) (Degree) (ft) (ft) (ft) (ft) (ft)
KTL-1 Left Abutment 1087036.32 | 3258144.37 90° 2077.34 0 300.5 300.5 -
KTL-2 Left Abutment 1087561.49 | 3258044.15 90° 1960 2 233 235 -
KTL-3 Left Abutment 1087490 3258090 90° 2050 0 298 300 -
KTL-4 Left Abutment 1087193.7 3258190.8 90° 1927 0 163'-2" 163'-2" -
KTL-4A Left Abutment 1087241.62 | 3258220.77 90° 1902 0 135 135 -
KTL-5 Left Abutment 1087106.08 | 3258173.07 90° 1876 0 110 110 -
KTR-1 Right Abutment 1087198.55 3257905 90° 2113.75 0 300 300 -
KTR-2 Spillway 1087160 3257725 90° 2255.11 0 251 251 -
KTR-3 Spillway 1086967.86 | 3257824.92 90° 1919.57 5 105 110 -
KTR-3A Spillway 1086967.86 | 3257824.9 90° 1919.57 0 122 122 -
KTV-1 River Valley 1087266 3258044 90° 1818.75 18 184 202 -
KTV-2 River Valley 1087410 3257952 90° 1874.08 8 244 252 -
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Table — A-1
Rock Permeabilities in Drill Holes
Dam Site (Pre-Feasibility)

Hole No.| Lugeon P?é?ﬂ?ggé“;y Depth (Feet) Rock Type
KTV-1 4.30 5.60x107 30-40 Sandstone
22.00 2.80x10™ 40-50 Sandstone
32.00 4.10x10™ 50-70 Sandstone + pseudo conglomeratic sandstone
3.00 3.90x10° 70-90 Sandstone + pseudo conglomerate
3.00 3.90x10° 90-110 Conglomeratic sandstone + silty sandstone
2.00 2.60x10° 110-130 Sandstone
18.00 2.30x10™ 130-150 Sandstone + silty sand stone
26.00 3.40x10™ 150-170 Sandstone + silty sand stone
KTV-2 193.88 2.52x10° 20-30 Sandstone
256.85 3.33x10° 30-40 Sandstone
114.08 1.48x10° 40-50 Sandstone
18.83 2.44x10™% 50-60 Sandstone
58.68 7.62x10™ 140-150 Sandstone
36.67 4.76x10™ 150-160 Pseudo conglomeratic sandstone
118.11 1.53x10°° 200-213 Siltstone clayey
13.85 1.80x10™ 220-226 Siltstone clayey
4.85 6.31x10° 226-240 Siltstone clayey
3.66 4.75x107 240-252 Siltstone clayey
KTL-1 35.40 4.60x10™ 7-20 Slightly silty sandstone
18.75 2.43x10™ 20-35 Sandstone + silty sandstone
1.81 1.53x107° 36-50 Sandstone + pseudo conglomerate
5.25 6.82x10° 50-65 Pseudo conglomerate + siltstone
5.03 6.53x107 66-81 Sandstone
Test unsuccessful because
of Packer leakage 81-95 Sandstone
2.25 2.92x10° 95-112 Sandstone
20.70 2.69x10™ 112-125 Sandstone
37.19 4.83x10™ 125-140 Sandstone
15.53 2.03x10™ 140-155 Sandstone
14.14 1.83x10™ 155-165 Siltstone + sandstone
24.60 3.19x10™ 165-179 Slightly silty sandstone
10.55 1.37x10™ 179-195 Slightly silty sandstone + siltstone
11.66 1.51x10™ 195-210 Sandstone
2.38 3.09x10° 210-225 Sandstone
0.70 9.10x10° 225-240 Sandstone
1.17 1.51x10° 240-255 Sandstone
0.20 2.60x10° 225-270 Sandstone
0.21 2.73x107 270-285 Sandstone
0.34 4.42x10° 285-300-6" Sandstone
KTR-1 2.54 3.3x10° 10-20 Sandstone + siltstone
9.04 1.17x10* 15-30 siltstone clayey + sandstone silt




Table — A-1

Rock Permeabilities in Drill Holes

Dam Site (Pre-Feasibility)

Page 2 of 4

Permeability

Hole No.| Lugeon (Cm/Sec) Depth (Feet) Rock Type

3.02 3.92x10° 30-45 Sandstone silty + sandstone
51.33 6.67x10™ 45-60 Sandstone
10.32 1.34x10* 60-75 Sandstone
5.34 6.94x10° 75-90 Sandstone
6.88 8.94x10° 90-110 Sandstone
14.37 1.86x10™ 110-130 Sandstone
5.66 7.30x10° 130-150 Sandstone + conglomeratic sandstone + siltstone clayey
8.69 1.12x10* 150-170 Sandstone
0.18 2.34x10° 170-190 Sandstone silt + sandstone
0.32 4.16x10° 190-210 Sandstone
0.30 3.77x10° 210-220 Sandstone
0.34 4.42x10° 220-230 Sandstone
0.09 1.13x10°® 230-250 Sandstone
0.01 1.82x107 250-270 Sandstone
0.23 2.99x10° 270-290 Sandstone
0.50 6.50x10°® 290-300 Sandstone

KTL-2 1.97 2.50x10 17-May
32.12 4.17x10™* 17-30
19.86 2.64x10™ 30-45
16.93 2.20x10™ 45-60
37.60 4.93x10™ 60-75
28.73 3.73x10™* 75-85
16.19 1.66x10™ 85-100
25.07 3.27x10™* 100-115
12.49 1.62x10™ 115-130
13.26 1.72x10™ 140-145
13.59 1.76x10™ 145-160
7.46 9.67x10™* 160-175
5.17 6.58x10° 175-190
4.15 5.40x10° 190-205
3.25 4.23x10° 205-220
2.62 3.40x10° 220-235

KTL-3 4.32 5.52x10° 25-Oct
0.73 11.56x10° 25-40
1.63 2.14x10° 40-55
2.14 1.18x10° 55-70
0.07 6.10x10”’ 70-85
0.51 4.60x10° 85-100
1.20 2.20x10° 100-115
4.54 5.91x10° 115-130
5.90 7.76x10° 130-145




Table — A-1
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Rock Permeabilities in Drill Holes
Dam Site (Pre-Feasibility)

Permeability

Hole No.| Lugeon (Cm/Sec) Depth (Feet) Rock Type
4.60 6.01x10° 145-160
3.49 4.57x10° 160-175
0.88 1.15x10° 175-190
0.95 1.24x10° 190-205
0.55 7.18x10° 205-220
0.45 5.71x10° 220-235
0.43 5.57x10° 235-250
0.86 1.11x10° 250-265
1.23 1.60x107° 265-280
0.38 5.07x10°® 280-300
KTL-4 2.06 2.67x10° 25-Oct Clayey siltstone
1.20 1.48x10° 25-40 Sandstone
0.25 2.64x10° 40-55 Sandstone
3.32 4.32x10° 55-70 Sandstone
1.89 2.45x107 70-85 Sandstone
1.09 1.36x10° 85-100 Sandstone
0.70 9.26x10° 100-115 Sandstone
0.73 7.70x10° 115-130 Sandstone + pseudo conglomerate
0.55 7.19x10° 130-145 Sandstone
0.34 4.45x10°® 145-163 Sandstone
KTL-4A 0.50 6.50x10° 20-May Silty sandstone
0.46 40.00x10°® 20-35 Siltstone
0.45 4.45x107 35-50 Clayey siltstone
0.04 4.70x107 50-65 Clayey siltstone
0.36 1.60x10”’ 65-80 Clayey siltstone / silty sandstone
0.38 4.24x107 80-95 Sandstone
0.33 4.30x10° 95-110 Silty sandstone
0.55 4.03x10° 110-125 Silty sandstone
0.34 4.47x10° 125-135 Silty sandstone
KTL-5 0.15 2.30x10° 15-35 Sandstone
0.21 2.82x10° 35-55 Sandstone
0.23 3.03x10° 55-75 Silty sandstone / Siltstone
0.09 4.40x10° 75-95 Silty Sandstone
0.13 1.90x10°® 95-112 Silty Sandstone
KTR-2 180.96 2.35x10° 20-May Sandstone / pseudo conglomerate
162.53 2.11x10° 20-30 Pseudo conglomerate
131.57 1.70x10°3 30-40 Pseudo conglomerate
(4.38) 5.68x107° 40-55 Siltstone / Sandstone
38.71 5.03x10™ 55-70 Sandstone
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Table — A-1
Rock Permeabilities in Drill Holes
Dam Site (Pre-Feasibility)

Hole No.| Lugeon P?é?ﬂ?ggé“;y Depth (Feet) Rock Type
9.65 1.25x10™ 70-85 Pseudo conglomerate / Sandstone
7.78 1.01x10™ 85-100 Pseudo conglomerate / Sandstone
25.36 3.29x10™ 100-115 Sandstone
27.35 3.55x10™ 115-130 Sandstone
6.00 7.80x10° 130-145 Sandstone
1.00 1.30x10° 145-160 Sandstone / pseudo conglomerateic sandstone
1.50 1.49x10° 160-175 Sandstone / pseudo conglomerateic sandstone
27.03 3.50x10™ 175-190 Sandstone
15.22 1.95x10™ 190-205 Sandstone
0.37 4.81x10° 205-220 | Pseudo conglomerate / Pseudo conglomeratic Sandstone
20.93 2.72x107% 220-235 Sandstone / pseudo conglomeratic sandstone
2.10 2.73x10"° 235-251 Sandstone

KTR-3 28.23 3.66x10™ 15-30 Silty sand / sandstone

14.77 1.92x10™ 30-45 Sandstone
0.23 2.99x10° 45-60 Sandstone
0.62 8.06x10° 60-80 Silty sandstone / clayey stone
15.22 1.97x10™ 80-95 Silty sandstone / clayey stone
14.27 1.85x10™ 95-110 Sandstone

KTR-3A 86.38 1.12x10° 0-15 Sandstone
21.76 2.82x10™ 15-30 Clayey siltstone
27.23 3.53x10™ 30-45 Silty sandstone / siltstone
2.80 3.64x10™ 45-60 Silty sandstone
1.88 2.44x10° 60-75 Silty sandstone / clayey siltstone
6.12 7.95x10° 75-90 Silty sandstone / clayey siltstone
0.61 7.93x10° 90-105 Siltstone (Sandy)
3.07 3.99x10° 105-122 Siltstone (Sand stone)




Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load| Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
1 KTV-1
River Valley 35-5" | 37-9" Sandstone 41.25 (0.86x10"6) 6.66(139x10"6) 0.490 2534.00 2569.00
(158.20) (160.38)
2
124'-0" | 129'-9" Sandstone 30.90 (0.64x10"6) 2587.00 2641.00 2.25
(161.50) (164.88)
3
132'-0" | 135'-2" Sandstone 73.90(1.50x10"6) 26.50(553x10"6) 0.330 2592.00 2609.95 0.75
(161.80) (162.90)
4
152'-9" | 153'-1" Sandstone 42.10(0.87x10"6) 5.21(108x10"6) 0.200 2489.50 2532.00 1.66
(155.40) 158.07
5
180'-0" | 182'-0" Sandstone 60.00(1.25x10"6) 100.00(2088x10"6) 0.360 2636.50 2658.00 1.00
(164.59) (165.94)
5 KTV-2
River Valley 33-0" | 34-1" Sandstone 34.80(0.70x10"6) 4.31(90x10"6) 0.260 1.06 5.39 2.50
7
55-5" | 56'-4" Sandstone 41.00(0.86x10"6) 5.34(111x10"6) 0.210 0.41 2.05 2.52
8
115-3" | 116'-0" Sandstone 38.75(0.81x10"6) 7.54(157x10"6) 0.330 0.53 3.10 2.61
9
142'-10"| 143'-5" Sandstone 38.40(0.80x10"6) 3.49(72.90x10"6) 0.270 0.71 3.80 2.56
10
162'-1" | 163'-0" Sandstone 35.10(0.73x10"6) 51.06 3.99(83x10"6) 0.335 2490.00 2561.00 0.85 5.00 241
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Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load) Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
(154.40) (158.80)
178'-4" | 179-2" Sandstone 26.80(0.56x10"6) 64.40 3.64(75.7x10"6) 0.173 2486.00 2551.00 0.78 6.50 2.52
11 "
(154.10) (158.00)
191'-10"| 192'-5" Limestone 55.30(1.15x10"6) 82.00 33.50(697x10"6) 0.164 2668.00 2732.00 0.58 0.77 2.68
12 "
(165.40) (169.40)
13 "
195-6" | 196'-6" Limestone 122.10(2.54x10"6) 128.76 44.10(917x10"6) 0.236 2650.00 2661.00 0.25 3.90 2.66
14 "
204'-8" | 205'-9" Siltstone 17.07(0.02x10"6) 0.55 3.51(73x10"6) 0.092 2456.00 2587.00 3.38 9.50 2.65
(152.30) (160.40)
15 "
219'-0" | 220"-0" Siltstone 27.94(0.58x10"6) 42.50 21.90(456x10"6) 0.372 2531.00 2.78 6.20 2.67
(157.00)
16 "
223'-10"| 225-1" Siltstone 19.80(0.41x10"6) 2.00 10.50(218x10"6) 0.391 2496.00 2584.00 3.50 10.60 2.67
(155.00) (160.20)
17 "
230'-5" | 231'-6" Siltstone 11.50 2.00 2296.00 3.46 17.60 2.63
18 "
236'-0" | 237'-3" Siltstone 47.50(0.99x10"6) 33.60 14.70(306x10"6) 0.132 2596.00 2626.00 2.64 7.30 2.68
19
246'-7" | 247'-4" Siltstone 19.60(0.40x10"6) 3.25(67.60x10"6) 0.053 2564.00 3.31 2.64
(159.00)
20 "
251'-2" | 252-0" Siltstone 34.80(0.72x10"6) 12.00(250x10"6) 0.315 2515.00 2604.00 321 14.20 2.66
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Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load) Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
KTR-1
21
Right Abutment | 34'-0" | 35-6" Siltstone 32.34(0.66x10"6) 4.18(87.30x10"6) 0.150 1.34 5.03 251
22 "
46'-10" | 47-05" Siltstone 22.87(0.45x10"6) 6.18(129X10"6) 0.090 0.64 3.84 2.55
23 "
127'-4" | 128-2" Siltstone 29.91(0.60x10"6) 8.49(177X10"6) 0.290 1.03 4.94 2.57
24 "
153-4" | 154-10" Siltstone 40.67(0.85x10"6) 5.03(105x10"6) 0.130 1.06 3.57 2.58
25 "
175'-11"|176-10" Siltstone
26 "
226'-4" | 27-3" Siltstone 23.17(0.48x10"6) 2.31(48.2x10"6) 0.160 0.89 3.66 251
KTR-2
27
Right Abutment | 37'-01" | 38'-1" Sandstone 9.36 0.431 1.34
28 "
115'-10"| 116-6" Sandstone 3.94 0.268 3.96
29 "
148'-6" | 149'-8" Sandstone 8.69 0.444 4.69 2.56
30 "
172'-7" | 173-5" Siltstone 40.67(0.85x10"6) 18.00 0.394 6.84 1.87
Pseudo
31 "
202'-3" | 203'-0" Conglomarate 4.74 0.074 6.84 2.83 2.59
Pseudo
32 "
213-11"| 215-0" Conglomarate 42.90 0.294 6.84 1.45
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Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load) Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
KTR-3
33
Right Abutment | 46'-8" | 48'-0" | Cleyey Sandstone 26.06 6.73 0.133 2460 3.25 2.61
34
52'-0 | 53-0" | Cleyey Sandstone 9.90 3.04 2447 4.13 2.52
35 "
88'-10" | 89'-8" Sandstone 34.81 5.55 0.146 2521 1.73 5.90 2.57
36 "
118'-10"| 119'-6" Sandstone 16.42 2.27 0.480 6.25 2805 2.98 251
KTR-3A
37
Right Abutment | 41-5" | 42'-8" | Cleyey Sandstone 28.36 3.18 0.220 3.66 2403 1.50 5.90 251
38 "
45'-9" | 46'-4" Claystone 23.83 2740 2.03 2.51
39 "
66'1" | 67'-6" Siltstone 10.40 2450 1.50 2.59
40 "
76'-6 77'-5" Siltstone 1.03 2437 4.90 2.57
KTL-1
41
Left Abutment 13-2" | 14'-4" Sandstone 18.53 2.43 0.092 6.64 3.52 2.49
42 "
40'-0" | 40'-10" Sandstone 45.08 25.10 0.244 19.24 0.95 2.65
Pseudo
43 "
48'-3" | 49'-0" Conglomarate 53.15 20.70 0.140 139.32 0.82 2.63
44 "
61'-3" | 62'-0" Siltstone 3.45 0.95 0.364 7.59
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Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load) Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
45 "
79'-8" | 81-0 Pseudo 60.06 25.00 0.334 12.94 1.26 2.64
Conglomarate
46 "
106'-0" | 107'-2" Sandstone 36.29 12.20 0.321 7.23 1.94 2.60
KTL-1
47
Left Abutment |120'-11"| 122'-0" Sandstone 14.03 1.49 0.356 2.09 1.99 2.42
48 "
138'-8" | 140'-0" Sandstone 20.31 3.54 0.295 3.14 1.58 2.46
49 "
169'-4" | 170'-0" Sandstone 40.55 6.35 0.354 3.50 1.99 2.54
50 "
175-9" | 177-1" Sandstone 51.00 15.70 0.200 4.52 1.44 2.63
51 "
184'-6" | 185'-4" Sandstone 37.69 6.60 0.435 4.02 3.17 2.48
52 "
195-3" | 196'-3" Sandstone 9.39 14.90 0.449 3.02 3.63 2.46
53 "
203'-4" | 204'-4" Sandstone 46.58 15.00 0.406 7.57 1.46 2.63
54 "
207'-2" (207'-10" Sandstone 15.22 2.59 0.421 1.350 1.64 2.47
55 "
210'-2" (210'-10" Sandstone 18.80 18.20 0.442 8.28 3.27 2.56
56 "
228'-0" | 229-0" Sandstone 18.87 13.90 0.293 2.63 3.14 2.46
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Table — A-2

Summary of Laboratory Tests on Rock Samples from Drill Holes

Depth (ft.) Natural
Location . Uniaxial Compressive | Point Load) Young's Modulus Poission's Abrasion Dry Density Sat Density Moisture .
S# Material Strength Mpa Strength Gpa . . 3 3 3 3 Porosity | Bulk Sp.G.
(B.H. No.) Ratio Resistance | Kg/m® (Lb/ft”) | Kg/m?® (Lb/ft®) Content
(psf) Mpa (psf) o
From To (%eage)
57 "
243-9" (244'-11" Sandstone 36.90 7.00 0.266 4.66 2.76 2.47
58 "
264'-0" | 265'-0" Sandstone 42.59 8.60 0.194 6.43 3.84 2.57
Pseudo
59 "
269'-4" | 270'-0" Conglomarate 160.65 94.30 0.355 17.67 1.33 2.66
60 "
283-7" | 285-0" Sandstone 35.74 5.48 0.276 4.72 2.42 2.50
61 "
297'-6" | 298'-9" Sandstone 34.28 7.00 0.172 7.73 2.42 2.62
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Table - B
Summary of Borehole (Feasibility)

Dam Site
Co-Ordinates Dip With . Ground Drilling Length Ground Water
Bore Hole . . Bearing . .
Location Horizontal Elevation . Elevation
No. North East (ft) (Degree) (Degree) () Saoil Rock Total (ft)
(ft) 9 (ft) (ft) (ft)
KTV-4 | Coffer Dam Up Stream Toe | 1087435.69 3057835.77 90° 1836 19 825 1015’ 1834
KTV-5 Dam Upstream Toe 1087367.02 3257860.38 90° 1835 18 286 304" 1834.5
KTV-6 Down Stream Shoulder 1087221.3 3258111.41 90° 1827 20 137 151° 18325
KTV-7 Spillway/ Stilling Basin 1086914.94 3257899.8 90° 1818.18 18 182 200" 1814.68
KTV-8 | Coffer Dam Up Stream Toe | 1087384.37 3257782.5 90° 1837 6 94 100 1837
T
KTR-9 Right Abutment 1087088.3 3257978.7 30\/‘2:23;“*" 1832 0 150 150 -
KTL-6 Left Abutment 1087349.67 3258082 30° 1935 0 200 200 -
KTR-4 Right Abutment 1087245.32 3257953.33 30° 1963 0 300 300 -
—
KTR-6 Right Abutment 1087105 3258036.44 30\/\2::2';“6 1847.7 4 146 150 ;
—
KTR-8 | Right Abutment Tunnel Inlet | 1087312.58 3257766.64 30\/‘2:23;“*" 1971 0 150 150 -
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Table - B-1
Permeabilities in Bore Holes (Feasibility)

Dam Site
Hole No. Lugeon Pe(::r?ne/)ss(izl)ity De(zfri';h Rock Type
KTR-6 0/5 Bed Rock (Sandstone)
0.36 10/20 Silty Sandy Gravel+ Sandstone
0.44 20/30 Sandstone
0.78 30/40 Sandstone
0.44 40/50 Sandstone+ Shale
0.32 50/60 Shale
0.3 60/70 Shale
0.3 70/80 Silty Sandstone
0.3 80/90 Silty Sandstone+Shale
1.28 90/100 Shale
0.9 100/110 Shale+Silty Sandstone+Sandstone
1.13 110/120 Sandstone
1.2 120/130 Sandstone
0.8 130/140 Shale
1.2 140/151 Shale
KTR-9 13.9 5/15 Sandstone
4.4 15/25 Sandstone
5.72 25/35 Sandstone
2.74 35/45 Sandstone
1.456 45/55 Sandstone+Pseudo-Conglomerate
1.66 55/65 Sandstone+Pseudo-Conglomerate
0.83 65/75 Sandstone
0.28 75/85 Sandstone
0.46 85/95 Sandstone
0.3 95/105 Sandstone
0.2 105/115 Sandstone
0.3 115/125 Sandstone
0.32 125/135 Sandstone
0.82 135/150 Sandstone
KTR-4 59.8 5/15 Sandstone
24.8 15/25 Sandstone
5.028 25/35 Sandstone
1.784 35/45 Sandstone
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Table - B-1

Permeabilities in Bore Holes (Feasibility)

Dam Site
Hole No. Lugeon Pe(::r?ne/)ss(izl)ity De(zfri';h Rock Type
0.05 45/55 Sandstone
0.518 55/65 Sandstone
0.01 65/75 Sandstone
0.06 75/85 Sandstone
0.046 85/95 Sandstone
0.068 95/105 Sandstone
0.128 105/115 Sandstone
0.02 115/125 Sandstone
0.22 125/135 Sandstone
0.08 135/145 Sandstone
0.116 145/155 Sandstone
0.61 155/165 Sandstone
KTR-4 0.446 165/175 Sandstone
0.512 175/185 Sandstone
0.304 185/195 Sandstone
0.348 195/205 Sandstone
0.846 205/215 Sandstone
0.246 215/225 Sandstone
0.298 225/235 Sandstone
0.732 235/245 Sandstone
1.92 245/255 Sandstone
0.49 255/270 Sandstone
0.607 270/280 Sandstone
0.548 280/290 Sandstone
0.08 290/300 Shale/ Sandstone
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Table - B-1

Summary of Rock Permeabilities in Bore Holes (Feasibility)

Dam Site
Hole No. Lugeon Pe(::rlr;]elsl;icl)ity De(f‘i;h Rock Type
KTV-4 6.9 x 102 9 Overburden
1.39x 10™ 17 Overburden
5.6 35/50 Limestone
13.02 55/65 Limestone+Sandstone
40.12 66/76 Sand Stone+Limestone
33.86 75/85 Limestone
9.62 86/101 Limestone
KTV-5 1.12 x 107 10 Overburden
6.0x 10™ 15 Overburden
10.4 21/32 Sandstone
3.6 33'.9"-34'11" Sandstone
6.6 41.5/52 Sandstone
4.8 52/63 Sandstone
3.4 63/73 Sandstone
44.6 711173 Sandstone
3.8 83/93 Sandstone+Limestone
3.3 93/103'.5" Sandstone
2.68 103/113 Sandstone
1.08 113/123 Sandstone
3.68 125/133 Sandstone
0.16 133/143 Sandstone
0.34 133/143 Sandstone
1.06 143/153 Sandstone
1.12 163/173 Sandstone
1.66 173/183 Sandstone
0.684 183/193 Sandstone
1 193/202 Sandstone
0 204/214 Sandstone
1.76 214/224 Sandstone
0.66 224/234 Sandstone
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Table - B-1

Summary of Rock Permeabilities in

Bore Holes (Feasibility)

Dam Site
Hole No. Lugeon Pe(::rlr;]e/::icl)ity De(f‘i;h Rock Type
2 234/244 Sandstone
1.04 244254 Sandstone
0.8 254/264 Sandstone
0.374 264/274 Sandstone
1.98 274/284 Sandstone
1.04 284/294 Sandstone
1.08 294/304 Sandstone
KTV-6 0.708 22/30 Sandstone
1.128 30/40 Sandstone
4.78 40/50 Sandstone
5.82 50/60 Sandstone
0.878 60/70 Sandstone
1 70/80 Sandstone
0.86 80/90 Sandstone
1.584 90/100 Sandstone
2 100/110 Sandstone
0.778 110/120 Sandstone
1.65 120/130 Sandstone
4.54 130/140 Sandstone
0.58 140/151 Sandstone
KTV-7 75 30/40 Sandstone
76.5 40/50 Sandstone
0.76 50/60 Pseudo Conglomarate+Sandstone
14.66 60/70 Sandstone
23 70/80 Sandstone
0.0022 80/90 Sandstone
3.204 90/100 Sandstone
8.36 100/110 Sandstone
0.244 110/120 Sandstone
0.094 120/130 Sandstone
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Table - B-1

Summary of Rock Permeabilities in Bore Holes (Feasibility)

Dam Site
Hole No. Lugeon Pe(::rlr;]e/::icl)ity De(f‘i;h Rock Type
121 140/150 Sandstone
0.42 150/160 Sandstone
2.66 160/170 Sandstone
4.02 170/180 Sandstone
0.06 180/190 Sandstone
26.6 190/200 Sandstone
KTV-8 6.6 x 10 5 Overburden
0.4 14/25 Shale
1.652 25/35 Shale
1.01 35/45 Shaley Sandstone
1.96 45/53 Lime stone
1.04 53/66 Lime stone
2.68 66/76 Lime stone
0.97 76/90 Lime stone
0.7 90/100 Lime stone
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Table - B-2
Summary of Laboratory Test Results
Dam Site (Feasibility)

Sample Description

Index Property

Mechanical Properties

Sr.No | BH.No Bulk Water Modulus Of . Remarks
. Sample . Depth . : ucCs L Poission
Location Material Sp.Gravity Density Content Elasticity :
No. (ft) 3 (Mpa) Ratio
gm/cm % Mpa
1 KTV-6 Down Stream Shoulder 3 Sandstone | 57'-3"to 57'-10" 2.64 2.58 2.63 27.218 2.39E+03 0.285
2 Down Stream Shoulder 5 Sandstone | 84'-0"to 84'-10" 2.554 251 3.85 48.202 4.25E+03 0.261
3 Down Stream Shoulder 8 Sandstone | 135'-0" to 136'-0" 2.569 2.532 1.1 24.863 2.84E+03 0.144
4 KTR-6 Powerhouse-| 3 Sandstone| 35'-4"to 36'-2" 2.518 2.476 1.18 25.857 2.85E+03 0.184
5 Powerhouse-I 4 - 50'-0" to 50'-8" 2.69 2.526 2.4 - - - Broken
6 Powerhouse-I 6 Silty 791" to 800" 2.545 2.542 3.2 20.415 2.15E+03 0.207
Sandstone
7 Powerhouse-| 7 Shale 84'-10" to 85'-10" 2.71 2.512 1.94 18.622 2.18E+03 0.193
8 Powerhouse-I 11 Shale 146'-2" to 146'-10" 2.7 2.586 2.6 10.007 1.33E+03 0.108
9 KTV-7 Spillway Stilling Basin 2 Sandstone| 45'-0"to 45'-7" 2.699 2.603 2.9 35.321 3.37E+03 0.332
10 Spillway Stilling Basin 8 Sandstone | 148'-8" to 149'-8" 2.65 2.601 0.64 34.931 3.40E+03 0.28
11 Spillway Stilling Basin 11 Silty 183'-5" to 184'-5" 2.576 2.572 1.97 37.114 3.80E+03 0.313
Sandstone
12 | kTv-4 | Coffer Dam Upstraem Toe 1 Shaley | 54 516 310 2.6 2.568 7.1 10.05 1.78E+03 0.196
(Reservoir Area) Limestone
13 Coffer Dam Upstraem Toe 3 Limestone | 60™-0" to 608" 2.682 2.64 2.43 10.74 - -
(Reservoir Area)
14 | kTv-g | Coffer Dam Upstraem Toe 1 Shale | 19-0"to 19-11" 2.26 2.307 5 ; 2.03E+01 0.361
(Reservoir Area)
15 Coffer Dam Upstraem Toe 2 Shale 30-4" to 31'-0" 2.443 2.41 7.1 0.84 ; ;
(Reservoir Area)
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