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NOTES:~

1. ALL DIMENSIONS ARE IN MILLIMETRES UNLESS OTHERWISE SPECIFIED,
2. NO DIMENSION SHALL BE MEASURED FROM THE DRAWING.

3. THIS DRAWING SHOWS THE LAYOUT PLAN OF HIGHWAY TUNNEL & ITS
CONSTRUCTION ADIT ONLY,

4. FOR DETAILS OF DAM, INTAKE, DESILTING CHAMBER ETC. REFER
SEPARATE DRGS.
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Planning & Design in Conventional Tunnelling

Two-Day Training Session for Continuing Education
17 ~ 18 October 2016 Thimphu - Bhutan
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and Underground Space Use |

Planning & Design in Conventional Tunnelling
17 - 18 October 2016. Thimphu — Bhutan

Obiectives: this course aims to provide planning, design and construction elements to young professionals

refated to the best practice of tunnei design.

——di

Program

Monday 17 October 2016
08.30 - 09.00 Registration of Participants ‘
09.00 - 09.15 Welcome and opening: ITA and country representatives

Session 1:Introduction and overview on Tunnel Design

09.15 - 09.45 Public authorities and owner roles: planning and general organization
09.45 - 10.80 Design philosophy: Design and risk management
10.30 - 11.00 Coffee break

1100 - 11.30 Specificities and stages of tunnel design

11.30 - 12.00 Geo-investigation and tunnel modeling parameters
12,00 - 12.30 Questions & Answers

12.30 - 14.00 Lunch
Session 2: Specific aspects of Tunnel Design

14,00 - 14.45 Tunnel alignment and layout planning

14.45 . 15.30 Construction methods and aspecis affecting design
15.30 - 16.00 Cofiee break

16.00 - 16.30 Types of tunnels and caverns

16,30 - 1700 Design and excavation in difficult ground

1700 - 1730 Questions & Answers

Tuesday 18 October 2016

Session 3: Conventional Tunneling

09.00 - 09.45 Seduential excavation and design in soft ground and hard rock
09.45 - 10,30 Structural and support design

10.30 - 11.00 Coffee break

11.00 - 11.80 Work site organization in tunnel construction

11,80 - 12.00 Instrumentation and monitoring for conventional tunneling
12,00 - 12.80 AQuestions & Answers '

1230 - - 14.00 Lunch B ‘

i3
i

Session 4 : Case Studies in Conventional Tunneling

1400 - 14.45 Design example of Tunnels for Hydropower in Alpine regions

14.45 - 15.30 Numerical analysis for design of tunnels

15.30 - 16.00 Coffee break :

16.00 - 16.30 Mechanized versus conventional tunneling: Factors affecting its selection
1630 - 1700 Questions & Closing remarks

1700 - 1730 Short address by Chief Guest & award of certificate

ITACET Foundation - ¢/o EPFL - GC D 1 40% (Bai. GC) - Statien 18 - 1018 Lauzanne - Switzerland



Planning & Design in Conventional Tunnelling
17 - 18 October 2016, Thimphu — Bhutan
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'] Training Session organizers: Druk Green power corpofation, as representative of International Tunnelling
J Association (ITA-AITES) member nation of Bhutan and ITACET Foundation. The Foundation is a non-profit

organization whose aim is to organize, promote and sponsor training and continuous education actions in the

field of Tunnelling and Underground space use. The training activities organized by the Foundation are mainly
aimed to young professionals in the field of Tunnelling and Underground space use, as engineers, geciogists,
consultants, administrative manager and policy makers. http://www.itacet.org '

J'ir_‘ Lecturers of the seminar. in ihe order of their intervention. A

Harald Wagner (Harald Wagner Consulting Engineer)>> Dr. Harald Wagner is an internationaly well-
recognized Consultant for Underground Infrastructures with more than 40 years of Professional Experience in Tunnel Design,
Construction and Consultancy, Harald Is a Gvil Engineer, M.Sc, Ph.D. Licensed Masterbuilder, Government Counsellor,
appeinted by President of Austrian Republic, Chartered Expert at Court, Consultant to the World Bank. A former Assistant
Professor at Technical University Graz in Austria on Soil Mechanics & Foundation Engineering for Architects. Harald wasVice

- President of ITA and Tutor of WG 2"'Research”. He contributed to “Guidelines for the Design of Tunnel Lining Segments”,

. "Risk Management Guidelines”, Report on“Long Tunnels at Great Depth”, Report on “Conventional Tunnelling”, etc. He is
an expeft Member of ITA's Executive Council, Designer & Consultant for Underground Space Use

Piergiorgio Grasso (Geodata Spa)>> Piergiorgio graduated from the *Politecnico di Torino' of Italy in civil
engineering. Piergiorgio is President & Principal Engineer of Geodata since 1884, which is a consudtancy company
specialised in the design and management of underground works, both in urban enviranments and in mountain areas,
He was part of the ITA Executive Council member & an [TA past Vice President, Piergiorgio served the [TA Working
Group 17 on “Long and Deep Tunnels” as its animateur & tutor. Piergiorgio is one of ITA expert and is [TAGET Foun-
dation Vice President. ' .

Emmanuel Humbert (CETU - Centre for Tunnel Studies)>> Emmanuel HUMBERT is a graduate
of the French National School for State Civil Works with a master in civil engineering, He has been working in
tunnelling for almost fifteen years at CETU {(Centre for Tunnel Studies) which is French government technical cenire
for tunnel studies and research. He has gained considerable experience in road and railway tunnel construction from
the numeraus tunnelling projects in which he has acted as project engineer or praject manager. He has developed
extensive professional skills in tunnelling design, geotechnical engineering and project and risk management. He also
lectures on the topic of tunnelling and tunnel boting machines in French univarsities within the scope of postgraduate
.degrees. Emmanuel is the French representative of ITA Working Group 2, focused on research

Paoclo Cuccino (SWS Engineering SpA)>> MScEng. in Geotechnical and environmental engineering at
the University of Trento, ltaly Paolo is Partner and Chief Operating Officer in SWS Engineering SpA. Leader of award
winning, geotechnical and tunneling team, he achieved a great experience developing large national and international
projects like the Brenner Base Tunnel, Underpass of High speed railway of Florence, the enlargement of highway
tunnel M. Domini (enlargement of an existing highway tunnel ensuring regular traffic during woik execution), HS and
‘conventional railway projects in Turkey for TCDD (more than BOO of railway connection with 88 tunnels and more than
100 bridges), Muskrat Falls HPP in Labrador for Astaldi Canada. lnnovator, researcher and as a member of some of
ihe most influential Tunneling and geotechnical associations, he published a numerous papers related to tunneling.

Alain Poloni (Eiffage Infrastructures)>> Bom in France in 1961, Alain Poloni is a civil engineer
and director for major projects offers in the International department of Eiffage Infrastructures, a branch of EIFFAGE
Group, a French company acting as a leader on the European market in concessions and public warks sector.

He has 30 years' experience in construction field, including 18 years in international projects petformed in countries
like Venezuela, Turkey, Malaysia, Egypt, etc., mainly i tunnelling activities with Tunnel Boring Machine or conventicnal
method. = C

Alain Poloni was in charge until April 2014 of two major projects executed in Monace (Downward tunnel and Third
Source electric substation} both using Drill and Blast technic in very urbanized areas under drastic envirenmental con-
straints. For last two years Alain Poloni is in charge for the preparation ¢f offers for major projects located mainly in Middle East and Africa.

Paolo Mazzalai (SWS Engineering SpA) >> Prof. Paclo Mazzalai is a successful entrepreneur who
has always served the scientific community with competence and passion. As an international expert in advanced
engineering and construction systems, more than 30 years ago he founded SWS Engineering SpA, highly specialized
in developing innovative solutions in the engineering world serving the underground and complex infrastructures
‘construction. An International Designer of major infrastructure projects in transport {roads, highways and railways) and
water {dams and river systems), Paoclo Mazzalai is also the author of numerous scientific papers and a member of several
Scientific and Entrepreneurial Associations. President of Confindustria of Trentino, the Industrial Association of Trentino,
from 2011 to 2015, he taught for several years at the University of Padua, where he graduated in 1673 as Civil Engineer.

ITACET Foundation - ¢/o EPFL - GC D 1 40% (Bai, GC) - Station 18 - 1015 Lausanne - Switzerland
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17 - 18 October 2016. Thimphu — Bhutan
Planning & Design in Conventional Tunnelling

Session 1: Introduction and overview on Tunnel Design
Harald Wagner, Consulting Engineer

| - Planning & general organization - Public authorities & owner roles

There is a tendency in the development of public underground infrastructure projects to fund projects
either on bi- or multi-lateral bases. It is in the principle interest of both public and private owners, to
achieve contractually well-structured and balanced contracts in accordance with international stand-
ards to increase transparency, as underground infrastructure projects are in particular vulnerable to
corruption due to geologic uncertainties.

Through extensive training options backed up by best business practices, there is an impact of added
engineering value reflected in life cycle cost and project success. The procurement phase has the
greatest impact on the life cycle cost of the project, yet it is the least costly component. Contracts shall
be clear and coherent with essential clauses, detailed definitions and a consistent structure. Buildings
and engineering works are-designed by (or on behalf of) the employer. -

Risk shall be allocated to the party, which is best placed to control it, to bear it, and to deal with it. Act-
ing as third party, contracts shall be drafted by consulting engineers who are experienced in the design
and management of projects. Contracts should be complete and flexible, ranging over most needs and
readily adaptable to fit requirements. The contract shaII be administered by the engineer, appointed by
the employer. -

The stakeholders in the contract are the owner/employer, the contractor, and the engineer being the
employers representative, whereas contractual clear relationships shall be established between em-
ployer and engineer as well as between employer and contractor. There shall be only an administra-
tional relation between ¢contractor and engineer. For the settlement of d|sputes a dlspute adjudication
board shall be established above employer and contractor. .

Contracts shall be featured by harmonized terms and clauses, allowing for an application of common
laws including civil laws, They shall be wide applicable under various project delivery and contracting
systems. More specific provisions shall be included regarding obligations of the parties and their rights.
Management procedures shall correspond with the latest dévelopments. Late payment problems shall
be tackled as well as the role of the engineer shédll be updated. The foreseen dispute resolutlon proce-
dure makes underground construction more effectlve

The role of the employer must include the choice of most suitable conditions of contract. Upon project
analysis, subject and type of contract (construction only, design & build, etc.), type of risk sharing {(con-
tractor to construct only or.to be involved in the design), intended management of the contract/project,
type/method of payment, shall be decided.
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CONTENT

Introduction

The World Bank Group's Poverty Reduction Framework
i The World Bank Funding Program

Large Infrastructure Projects

Energy Develcpment
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Evolution of Thinking

Safeguard Policies
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1 WWorld Bank supported Programs
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iINTRODUCTION

In the real world the struggle to define the economic future pivats
on the kind of infrastructure that witl be put in place to serve the
coming erfa.

Which of the two management models, - the capitalist market and
the collaborative comemons -, ultimately prevails as the dominant
form and which as the niche player will depend largely on the
Infrastructure society erects.

Jeremy Rifkin, The ZERC [Maiinal Cost Society 2015,

ITACET - DRUK GREEN

D & DEGITN It COMVEIT-OHL TUIRELLANG 2118

SUPPORTING AUTHORITY

The World Bank is a vital source of financial
and technical assistance to developing
ceuntrles around the world.

= Its misston is to fight poverty with passion
and professionalism for lasting resufts and
to hefp people help themselves and their
environment by providtnﬂg resources,
sharing knnwledgg. building caia_amty and
forging partnerships in the publi
private sectors.

WORLD BANK

cand
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Better Infrastructure for Public Growth
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1. Poverty Reduction Framework of WBG
[[revenysesetenandimproragring sngocs ||

Satially Indushre and #nvironmentally
. sustalnabile growss

RSP

WBG Financial Products
WIIG Kpawledge Servan
: _wB_G.tnmmlagm el

ITRCET -BRIUK GREEN
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2. Public Funding Programs

« The World Bank has directly or indirectly assisted in the
past e.g. only 3 % of dams in developing countries.

» At present, the Bank is financing about 4 dam
projects/year—half the rate of the 1970s and 1980s.

= Since 1985, the Bank has approved 39 dam projects: 33
mainly or exclusively for hydropoweg three mainly for
irigation, and three for water supply or navigation,

JIRCET - DRUK GREEH AR R DRSS N SONVERROMAL TURELINS 2012

3. Public infrastructure Projects

e Lending for these 39 projects, at $7.4 billion, accounts for
about 3 percent of total World Bank lending in the past 10
years.

= At first, l[arge dams were simply regarded as engineering
structures—for generating electric power and improving
the management of water

» In the 1960s, cost/benefit analysis became accepted as
the standard criterion for the justification of large dams,
and the World Bank pioneered the modeling of river
basins and new methods of economic analysis of
multipurpose projects in developing countries.

ITACET - DRUK GREEN PLAMIING & DOGEDN 7 CONVE TS <AL TUBNZLND 2018

4, Energy Development

Electricity is needed for human and economic development.
An estimated more than 400 million Indians are without
refiable access to electricity
Poor power supply is a severe constraint on the econamy >
higher costs - loss of competitiveness - fewer jobs
Generation options for India are:
¢ Coal (already 80% of actual generation)
¥ Nuclear
¥ Limited ofl and gas ‘
7. Hydropower (undeveloped potential of 120,000 MW)
7 Other renewable

ITACET - DRUK GREEN FLARBIG B DESGN 1N SONVEMGAL Tubis DLl 2318

5. Recognition of Social & Environmental [ssues

= It was not until H1e fate 1970s and 1980s that social and
ehvironmental impacts, previously treated as inevitable
"side effects," emerged as fundamental concerns.

» The World Bank responded by adopting quidelines to
integrate socfal and environmental concerns into the
analysis of proposed projects and to avoid or mitigate the
adverse consequences of large dams.

Planning % O

vanal Tunnelling - Thrnphu, Bhatan L 18 Orrober 2018
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Harald Wagner, O ng Engineer
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6. Environmental & Social Guidelines

s The Bank issued Guidelines on

~ dam safety in 1977;

~ Involuntary resettlement in 1980, 1986, 1990 and

- 2001;

- safeguards for indigenous people in 1982 and 2005;
- natural habitat in 1986 and 1995;

~ environmental aspécts of dams and reservoirs in 1989;
and

» environmental assessment in 1991,

!'-P-

TURHELLING W

1TACET -DRUK GREEN
8. Safeguard Public Authority Policies

1.Environmentai SJnvoluntary

Assessment Resettiement
2. Natural Habitats 7. Indigencus Feoples
3. Forasts 8, Safety of Dams

9. Projects involving
International Waters

4. Pest Management
g. Physical Cultural

Resources to.Projects in Disputed
Areas
. . Piloting Use of Country
Plus Disclosure Policy Systems

ITRCET - DRUK GREEX

FUML B £ ER TN (8 S VBTG

ITACET - DRUK GREEH

Comparative Risk Management

Comparalive Risk Management Oy OMB: -
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Owner Commitment Role to Environment

World Bank’s Partners and Owners have a
commitment to ensure that people and the environment
are not'harmed as a result of its financing

Previous Bank emphasis: "o no harm”
Now promoting: * Do good”

Better embody Social and Environmental Considerations
=¥ reduce and manage risk

=> save money and time

Plaiiog
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Harald Yyagner, Gonsulting Enginesy
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9. Environmental & Social Impacts

¢ Impact on Flora and Fauna

¢ Water Quality Issue

¢ _ Construction related impacts

Safety of workers and communities

€ Impact on Physical and Cultural Resources

¢ Qther induced impacts and cumulative impacts

¥ Dam safety

¥ Catchment Area Treatment & Cther Enhancements
¥ Land Acquisition and its Impact

¢ Impacts on Indigenous people

FRLANR G B UESIEN SONVENTOMAL TURHRLLG WA

ITACET - DRUK GREEN

FLANAHGS B RGN IN VRIS, TUTHELLIG A5 -
Challenges o Public Authorities

Standards embodied in public paolicies have yet
to be universally adopted. o

Even owners that accept them in principle,
generally lack

= the regulatory framework,
s the participatory mechanisms, or

o w the domestic capacities,

needed to translate the new standards into
results on the ground,

ITREET -DRUK GREEN

C 0 ELARBING A DEIRAE SONVENTITNGL TUENFLLIG TN
Private Financing

= The advent of private financing for public

infrastructure makes the dilemma more -
-~ complex and urgent. '

» Knowing that influential advocacy groups
oppose any public financing for large projects,
many governments of developing countries are
now ambivalent about seeking public support
for this purpose.

ITACET - DRUK GREENH

FLANTIET LGS 1 SUNVERTIOMAL YOHMRLLIG R
Impacts of Underground

#Impacts due to Excavation

¥ Impacts due to Muck or Debris disposal
Impacts due to Construction Equipment
“Impacts of Indoor and ambient Air Quality
#Impact on Water quality

“Impact on Health and Safety

Parceptions :

¢ Damage on buildings
Reduction in discharge of resources
#Reduction in productivity due to dust

HIACET - DRUK GREEN

PLATEINT 2 DESITN I CONCEIMCIaL TULAZLLNG 2315

“Pay Attention” Benefits

Paying attention to Enviropmental & Social aspects
can avoid problems and add value

¢ Reduces unforeseen issues/ problems

« Improves relations with local communities
¥ Prevents delays and stoppages

¢ prevents lzgal disputes

¢ Provides good publicity

-€ Allows for good corporate image

# Reduces financial costs (kime and money}

¥

Plaeging & D
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10. Public supported Programs

Focus on countries with high potential for development of
" underground infrastructures

Investrment finance; technical assistance on policy issues;
capacity-building for developers

* Technical & Contracting
¥ Social & Environmental Practice,

“ Communications

Work with State Governments on planning and regulation

FREET-DRUK GR

WBG supported Initiatives

Hin:sehal Pratash (Green Growth
DPLs for GoHP and with SIVNL;

Htaakland { Govl of Uk &
NIHEPR RampurHEP )

THOC; Yishnugad Pipalkoti HEP)

«River Optimization study on «River Optimization study

Alaknanda on Sutlej

+Cumulative Impact Assessment on sComprehensive CAT plan of
Alaknanda Sutlej basin

+Minimum flow / e-flow assessment «Cumulative Impact

and assessments
+ Benefit Sharing Schemes
-Communication Strateqy

Panel of Experts for Environment
and Secial to assist project
pleparation

1TACET - DRUK GREEH FER

Environment & Social Sustainability
Renevable Ensrgy Developmant
State’s initiatives
Basin wide Monitoring protocols
for hydro projects including

monitoring of environment and
social aspects

Panel of Experts for the state to
oversee hydro ( envmt. & social)

Mandatory e-flow @15%
downstream of structure and Real
time Monitaring

Web disclosure of Families eligible
for Benefit sharing and GRIM

WBG Interventions

Basin wide digital GIS based map
of hydropower potential

Cumnulative Environmental
Impact Assessment {CETA)
studies for the 5 key river basins
and Integrated Catchment Area
Treatment (CAT) plan for the
Sutlej river basin

Local Area Development Fund
(2009) to include annuities to
affected communities

LGET -GRUK GREEN
Enviroitmental Management — New Initiatives

1. Handatory deployment of Equipment for environment friendly
construction.

2, Define minimum environment impact

3, VIDEOGRAPHY & MEASUREMENT OF HATURE RESOURCES FALLING UNDER
PROJECT AFFECTED AREA

4, INSURANCE OF STRUCTURES-BASELINE SURVEY OF COMMUNITIES
FALLING ABOVE TUNNEL ALIGNMENT COMPLETED

5. Involying Panel of Expert for Environment & Social to assist project
preparation and in implementation

6. Invelvement of Third party in implementation monitering of EMP )
7. Introduction of module based courses / Env. Engineers on Env. Mgmt

TTACET - GRUK GREEN ERE

1. Planning to minimize Social Impact

Minimal land acquisition of private land by designing
double / triple storey buitdings in colony

Colony designed In such a way that nearby village
population can utilize the facilities of banks, schools,
dispensaries, etc.

Existing roads are used to the extent possible
Construction influenced area is to be minimized -
possible no affect to habitation in the area.
Re-adjustment of project components o reduce impact
(relocation of shatts and related road links).

IRGET - DRUK GREEN Foai T

Planning reutilization of Muck for Approach Roads
: FPrampie HER
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Planning & genaral organization - Public authorities & owhner roiss

Haraid vvagnsr, Cansuliing Enginesr
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Planning muck disposal & management
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\/ Air Pollution Management

1.  Sprinkling of water on unpaved roads to prevent fugitive emissions
during yehicle movement.

2. Crusher used at Quarry site to be fitted with a Cyclonic Scrubber to
controf dust generation.

3 Fine aggregates after crushing stacked and regularly sprayed with

’ water

4, Vehicles used in Project Area to be ensused to comply with vehicle
emission norms,

5. Tunnels to be properly ventilated to disperse dust .

[ Labour camps, colonies etc to be located on Leeward side, outside
Impact zone of crusher and adit sites.

7 Assist in natural flltration process, landscaping, develop smail
garden and greenbelt around perimeter of project,

IRCET -URUR GREEN AN SOHVERTISMAL TnbEL G 2

\/ Water Pollution Management

Labour Colony

Sewage generated shall be disposed at Septic tank

Ona community latrine shall be provided per 20 persons.,
The sewage front the communitylr‘slatrlnes shall be treated in
aerated [agoons and settling tanks.

2. Construction Waker .

The efflyent generated at crushers had high sugpen_ded solids.
These effluerits were disposed by constructing Settiing tanks at
Crusher Sites

The effluents genepated in the tunnel (groucpd water and
construction vater) confains ili? sugpended solids which shall be
disposed off by constructing settiing tanks. .

3 ‘Watar testing of sources |dentified for drinking purposes shall be
' done to monitor regular disinfections

[TACEY -DRUK GREEN PLANIRD SEX

SN SEVE T T 0N AL T GG 208

Construction Equipment Operation

1.Equipment with modern technologies, producing low noise
and In good working condition, ‘properly lubricated and
maintained, shall be deployed at Project.

2.Equipment producing considerable noises shail not be
operated during Night hours.

3.Noise level monitoring of Construction equipment & vehicles
shall be conducted during Construction phase. The base
values of Noise leve! are mentioned in the EIA report and
Noise levels shall be kept within permissible limits.

4,Crushers shall be provided with cyclones to control dust.

5.Continuous  sprinkling of Water on Haul roads shall be
ensured to control dust.

nal Turineding - T
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Primary National Highway

(H#2 : Guidelines on use of Standard Work
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Government of Bhutan)
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Length

Carriage way :
Side walkway :

Higtht(Max)

Executed by :

Consultant

Constructed by :

:1522m

7.5m

2X1.5m

: 75

Punatsangchhu-1I Hydroelectric Project Authority
: Wapcos LTD

M/s Jaiprakash Associates LTD

522 BEFER I (ELES ) OEEMEERE (4R Punatsangchhu- I Hydreelgétric Projec

Authority KU AF)




(4)

P RIVIETICRE T 28D %<
[FT—2VERNTORENHLL.
Egh\ SHELTEATILEN

BT, B rmahE

FERSHMORMERR (HEJICABERAEREED)

. B OE %
"M A r718W SE&YERE " =
TILR—H O T
INYDTR O +T
KEITL—h— O +T
RA—LO—4— O TI.EMERT
BUTRTvY O +T
oo O BEWMERT
Z75—JL—> O HET. FTEHI
JIRsxY O HEWT, LT (PC)
TR T O REL(F—RT7H—)
R—=yog<y O RET(F—RT7VH—)
E—4JL—4 O Al T
o—ka—35 O AT
A4 A—5— O I, BiEET
R#$O—> O T ST
EOA O T, MET
aUD)—REXY O
TR HE O +T
ZRIEHER O % T
RBRER O
FEHLUEEH O i
PC HTBlVER#HM O WL
PC MR O W 23

(5) #GAEHERERLE

T—AUNZIE O RIVICEET BT RENLG —DEE L R JLTEHDOR
FEMTETIIEEBAELTELT HMEREAFTEEM o1, fELV, KX
BTIEJICATH M ERRE HRE-BE =27 /LELITIR), 2009438 |1
N UTOBRDOEREZERTH EDET S,

24




5. ERFTER(—IEE)

PEREICEWTIREL-AEICSHL, BARRIES
HERE-RiZRFFRAEEZREL. REFELTO
ERFTEEZFRC-RETL, —REEELTHREMNG2
EEEELT

AL—b: 2o RIILE O

BILl—h EEE(FRBEFRILIHEILESE) : AR
-CJ)L—Fk:FEZE: x A XA

-DJL—b IREHLEEE : X TR

#6.1.2 —REFELE®RFZ (HHE:JICAHZER)




AJL—RER(O) D ELIER

o AL—HMIAEFHHRL—R7G T H - fitFr iR TR
B TEFLZOMAEHLELRN=H, ETHED
LRV, F-HEIV—FOMER, iz #th EH KR ©
FLKRE T E-Z2H, S8 - IREQZHNDL
LEBNTLD=6. FRAELET D,

BIL—MERA (A DF4HER

BIL—REXF U RILDETEIZEHL TIXAIL—RE

GBIk THLHIN. IWETDHEITIIKREL T 45,
EEIRIER (LI E DRI HEL, FF-F R ILER
EDEEEHDEHAEHLENEBN-OEITHIZS
B H%E'Eliﬁ;%nﬁ\I~7/’7'J70)Euﬁﬁﬁi§§*‘}mt7a

CIL— TR (X)DFHIER

@ ERAILHIE KNREER Q@ UV TREAIORERIEHAZAIEREIC
DEEREENEHZRIN TS RETEITORBAEREE, F-. EL ]
T EH200maLICZEEY . FEREHTH S

U7 DEEH R TS
I:FEEJODEE;E1 2km|Zxt
EEM3.4kmErgY$93
ﬁ.‘é: FUIEEM TR E

'—'-\_




DIL—bAFEAX) DELGHEH

F< VI DRERIEEADHEITLRETRREDE

BEER B

9 571=

. BE (B, R, BEHF) ICKYREZSATORROAREMER

EETELL

(FEAHBEZETDICIE O RILEHDHWNTERIELTD)

6. BIHRERET

—RETE THEINT=2
*'»J-.I-L/—C *EEH%EXH-I—&L/
TERERFTRZERLT=,

A)L—h . 2B RILE
BI)L—F:
(B, RILHIREYLTE

=)

M & & W R &5
oRILE(AIL—R)
FEE 1:2,500
FER 1:1,000
#itiE (1), (2) 1:1,000
3t 25 it b (1), (2) 1:1,000
BRI (1) C1.CI K 1:30 }%1?“/7‘
AN (2) DI ¥ 1:30
ﬁ‘;ﬁﬁﬂfﬁl(S) DII-1, DII-26F & 1:30
MEEIE (1) Cl.ClMmE 1:60
MEEIE(2) DI .DII-1, DII-28FE 1:60
XBR/E—VE(1) [C1BmE WitHF-AyIHRILLIR | 1:60
. CIIBrmE MefF+-OvoRILEIE ) [ Po iy
HRAG—VE2) gy semTE 160
S DIME WftI+-AvIRILFIE ) [ PP iy
XFENE—UR(3) 7 —FERTE 1:60 e
DII-1FE MRfF(F-EvoRILETE R
FR/\8—2[(4) |DIN-1, DII-2BFE SE7—FXEL [1:60 AT +
THR—V
.
e
ZRAS—VE(S) |DI-2MFE Wt OwoRLhTE 160 |10
R %
Je% T
BEE: bR BRENE (BIL—1)
FEE 1:2,500
FEE 1:1,000
Hit#rE 1:1,000
Hh 5 #E T 1:1,000

AU RIVERRIE (FAL—, BIL—F B




AJlL—k . O RILE

FUD) T DBEHEBERE N R IVEEIZTERIT -2 RILIL—F
ER(FL=840m (b2 R JLXREIL=745m) &75Y)  IRHE(ZxL370m%E LN (-30%)
Ze (2 Al (LAl AMEL B—AEETi=1.57% &1, Ch(FBR LEE
FLWAE3% LU TZmET 5.

LA AFHE TR IV —FERTES,

BIL—k: (EEZE b RI+IREHLIEE)

® FIUV)TIDBEHMEEEN RILEEIZTET, FEEEFR=200mIZTZEND™E

Bl IR~ T DIL—h

o FoRIERFHREELLIZIL—,
o FHAOMNSIFIREDHER BN —rEU LT TIZTIERET .
® EEIFL=1090m (;FRILEREIL=331m) &Y IRE T L120mEE LN (-10%) o




2 RILERETIZDONT

« REABRICEWVWT. JFon-BARREFHHABTRKRESR
FROD T EHE IR R E (B (5) BRETE#E) 128
Y. b RILEHEIERET I T RED K DITHRET - HIBTL 1=,

_ FoR LSRR ST EIR

-FORIVIE NATM I %
EHIA R FUEHEE| (CI.CO.DI.DII-1. DII-205K @)

= I
SEEIT DI (& | 2 £ DAL F Ay Tk, CHEIF L BE Tk (3=
¢ RNUFhyhIi%)
-F Y FYEEXITIO—FK/\voHRD, TYERKRITZAVY AR
FHTEEIERABE L., RE (B EHEEHE?)I2F Fﬂg

T3, B OB BN TS B RERE =T, |5
’ CYLRATEL, BT S B (KT 8. A=W B R
R EQEE AELNE E) TRZEER A 200mmiZE LLE I 5%
DILEESNTEY . ERIETH7 /31T EHEL TS,
W S SR S A OB L. DR R B OR e EELT.
SEAR T4 P HR— T ESELTNS

cv

33

AlL—k (ZfRFURIVE) /HIRSERE

i & E f§ & ¥ f ¥ @ # @ @& f @@ @ @ i

e d @i & 4 8 _d ¥ & 4 8 W _# & 4 & # ¥ 8 8 & # ¥ 8 _¥x& 4 § 8 __® 3 4§ 4 § % w¥ & & 4 & ded 4




FEH@EE 0

b

g

CI

35

AJL—k (ZFRFORILE

) /BERE

an

XHBENE — UL

T

o km) . _ (DIm-2 Wrmm)
\ \ =
: =/ ./f’/ 3 -
‘..'MLHV T ) . .‘/_.f cazs || H—H“‘-x__ =
. / \\\\\}{\ / ik ) x /




BIL—F (EAE: bR+ BLETEE) ARIRREt

waEwmmE 0

il Foli e
P th

i @ 8 i . i & § i . ¥ i & ¥ i & I

* BENERUVIR/IF—2IEFA
JL—kERIC

&t

anh
Xd
ou

BIL—F (EE&FE b RILIREHLIESE) /Bl

* IZEER VX R/ FI—2IEA
JL—kERILC

THOMANG ROAD SECTION - TS—(}E|




7. HEEETHE (2 RGERE)

2FITH LT, MR- SIS XE - E T E - &
EFRFELEBREL, REFXLLTAL—M(EERE
VRIVER)EEELT =,

AJl—k B /L—k
ER 840m (ZFIE-370m) | 1090m(FRE-120m)
EATHE (BT EHE - $R 2 D FRFD) O A
EItE-ReH O A
RE-28.AUTFUX @) A
RFEME O A
& 5T O A

812 JL—RLEERF (ZXGETE) (H 8 JICASAER)

EE A)L—b B/L—b
(BB, RILE) (HEE ORI BHESE)
bRV T DBRAEBRVEDE

BIDREN RILEBEISTERITI-2R | _. % 2, LA b
koL L—k. hRD) T DREARBES 7L

LI E S ER L. YEiEE T h DI ;‘J-_%':—Ciijﬁ's FroRIILERZFRBFEL
LA HI e g R L T
AORACERERAREET L O ARE, HEET OB
DD BT RED g BOTACRRBRAREEIL
JET(E (4950m 5D) LIHIBERIB || w72 D PR
¥, BRRMEE00mEH, mEO 2 | ZR=200mI=T L OFH
%E%Bo)*mmgﬁﬁlnpwﬁﬁwﬁﬁé ;R/\?ﬁﬁ‘n-d—éo ﬁ{,ﬁ\“iﬂ:ﬂ b\b‘iﬁﬁ
e A L R A B ER— 300.m PEIBLCIL— EHET 2.

T 5% o
e &% < of At

[ZTHERT S,
BIEER - IHE-370m L=840m BER - HE-120m L=1090m
(No.0+0~No.42+0) (No.0+0~No.54+10)
i TTEE L= 95m TIER L=759m
=< (11.3%) (69.6%)
FoRIILER L=745m FoRIILER L=331m

(88.7%) (30.4%)




812 JL—RLEERF (ZAGETE) (H 8 JICASAER)

A)L—k
HH (2P RILE)

BIL—k
(EEE F R+ EHESE)

LIS DFEEEEST
(Wangdue AR [IZxLTIX, b
RILRDOR S VE R (R=200m)

Mo, BANYROEA—T

(R=40m) &% 51=6 ., FE#HRF £
FFELLLGWEAEDLEELES,
bR ILHEER BIED i=4. 2% R L A

- RILEBAMNYEBDERY B LT
AL—RER I ERTES,
R RILHBR BEE i=1.57% (R
FEFLWVAE:3%LLT)
- EE#EFZR=300m X ERFHEE
AT v=80km/h (3F 5+ 5 #30km/h) &
e bERTBEEDRVRI THE. — ZELNVIRI%EEZZEE)
BT DERICHA, BZEERED - ARAETIIREIREEZEREAKIC
BRMNEBIZB V=5, FEH EZT-1-0. KiHEEV=
Fx kN ELELLGS, BREICLE 30km/hD =/ #RF FER=30m
~R370m (FERK L£30%) D 42 Ha%h EHELTULEL, ERRRICH
BEhHb) CTUXEMEMLEEXEEH1E
my s,

@)

812 JL—RLEERF (ZXGETE) (H 8 JICASAER)

BB AJL—b B/L—k
(ZHRFRILE) (HEEAE PRI EILIEE)
BREOLHSAR G, RILTTAIZ -PIEAKEAY ., (RAEE200
Eh32500. 2EHNICIEHILO  m,aYd)—kRAITOY EFES6
hZ#F@EL, BIFCTHD. GAEFTE Fm2)ihhZEOEmBENIKEL,
RETVEL.MEBEEORERETIEE RBIOEHRADEENKEL,
B BN E) GREEZEIMIF L 4. AR
T NEEBmMIGIL) ARE,  HERETOT ERAVRHED
-HEE. EERARERDOMBERNY BREAHLIBE)
=5, TR T AIE129 Fm3NVEERE,
S o o) —REEICTBIL— R RKOYEADGHE/G A& -
P TERICHEARREADERTIEE, EEANE, (AIL—MIELEREZX)
WRREEE 323 BAM o HWIRREEE 525 BAHM
(3,8808H A M /km) (4,821B A /km) 3tAL—M .61
-BEERLIOAMMRAGE (ERFERGIMADORE) ZHRETTIHLERY
Z0M -JbBI (GRS A) TEEEERL TLV S TangsibjiZk HEES (B TEHHCC) DE A
ey B OBIIU7OREHNELD, )
- AREHE X 45 LASY D E BRHENR (X . AETEIE R DR S (W=7.5m) [CTIRTENE
Trh, (SERFTE2017TFE12B: ;o RIILDBEIEEIZEY AT HERY)
==t ] LEERIBE £ TITBWLTAIL—FDBALEL S,

RiE-=
AT
A

A

7 F M




8. SIENEXICRHIES

(1) JICAEE~ADIRE - HEYID A T
;ﬁ:l:ﬂﬂ*llﬁlﬁﬁﬁﬁiii
m O < [TEEX L FEA)
1. izﬁ*ixﬁﬂf%@ﬁﬁﬁf tieTERESLEL
-BERFELELTOHEDFIAICONT Ll . B
T= Al SERO A AR
z Z i E>-§§:I:0)-."~§i’rbﬁ%}%
1) B+ DREEAL

5 w R
& | I/mE DR s
2. BRREE/BHERHEOE AT ReRHEXH

BEDORRL . 2L TlE, S—ILRHEHL 43

W ko UG T =3 L VAR
= il Al M. ILEIEZEL,

(2) DoR~NMDIEE
1. FJIAEZE~DEFE (55 HR)

ZEFAIZF -8

IR B G
D R (REEE/A

[H51ZFOTEBREED

2' %E?%%IE\ 1%%2‘ (Elﬁﬂigsiﬁ$ix.§_ﬁiﬁﬁéiﬁtm IH&@@%%E%&HH&OT(&LL\
BAAO» b

— - ER Lok —

EEdiEdsRRs B M OB
HERERETEEEE B B N




HEOFE~ANDOBHLZEYFEIELLT

- BRIREEEHRAET — FHEARED
18— (b2 )LHRREER)
2 B RIEE/NET SO0 T (1 5ER)
3. ETHAE GEM)
4 IR EE T M D EE

o it L
1 AEEMEBEMOER; o RILETAFEE R
2 JEEIX)ERSK Rt/ EfR/ ER(FEHE|&£)/#R1E
SIEEIXYFRAR, A OEF A
ABERFTEHEOFENRES  E€/FLE/HE Erry)

=}
H

LLETT ' ST UVELT,

O]
Wi e R (b Y i)

h Y ET—

FFaTlEhis
k<292, RIS k<> 91)2







Pre-feasibility Study
for Permanent Countermeasure
against the Thumang ClIiff

25/Jan/2017

JICA experts team formed by

Kokusai Kogyo co.,ltd.
OY O i nternational
Earth Science System co., Iltd.

Oriental Consultants Global co., Itd.

0 N O O  WON =2

Table of Contents

Summary

Desk Top Study

Natural Environmental Condition

Survey on Related Construction Field

Basic Planning (Primary Screening)

Outline Design

Evaluation for Optimum Alternative (Secondary Screening)

. Advices




1. Summary

(1) Outline

The pre-feasible study was implemented at the Thumang
CIiff for the permanent countermeasure against the Hazards
of Rockfall/Slope-Failue.

Thimphu
!

(2) Procedure of this Study

MTheme; Permanent Countermeasure has be examined
against the Rockfall/Slope-Failure on the Thumang CIiff
from the wide perspectives with the outcome in the
previous project included.

Desk Top Study (4plans)

@ Practical Work
2-1 Primary: 4 Plans prepared,

2-2 Secondary: 2 viable plans screened OU
on the Natural/Environment investigation.

(First Screening/2 out of 4).

2-3 Design/Estimation/Construction
Planning for 2 Plans 2 plans selected
2-4 Examination/Comparison between 2

Natuiral/
Environment

Primary Screening

Design/Estimation

@ Constraints
Some level of limitation was allowed in the
Practical Work because the limited work
period generated the uncertainty.

Secondary Screening

Optimum Plan




2. Desk Study

(1) Basic Policy

® In the Desk Study, 4 plans to avoid/mitigate the
slope disaster risk to the road. The plans are
selected in consideration of the case of making use
of the existing road and in case of not use the
existing road (avoidance plan).

® The following 4 plans are proposed,
Plan A; Tunnel on whole stretch of the road section
Plan B; Combination of Tunnel and Structures
Plan C; Diversion to avoid the road section

Plan D; Existing road alignment with countermeasure

5

(2) Flow of selection of the plans of solution for the road disaster

View
point 1

How to deal with the road hazard at Thomang Cliff
from view point of road management

View
point 2

View
point 3

Plan

Shall we keep the Yes

current road
alignment ?

Alternatives

Subsurface Gbsurface On ground
QN ground

Combination

A4

Avoid slope disaster
by structure

l

Prevention work for
slope disaster

l

B) Tunnel + C) Shifting road

A) Tunnel Bridge alignment

D) Slope
countermeasure

6







Alternative Plan B;
Existing Road + Short Tunnel

—"
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3. Study on Natural Conditions on the Site

(1) Contents of the Study

The study on the site was carried out to
consideration of the proposed plans.

Topo survey:to complement the topo
map prepared by the satellite image.

Cross section survey: on the tunnel
alignment of Route A and 11 sections
along the road

Site reconnaissance: at the whole
study area except inaccessible parts
such as the cliffs.

Seismic Exploration: on the tunnel
alignment of Route A.

Drilling survey: on both portals of
planned tunnel.

12




TS-10

‘TOMANG ROAD SECTION - TS 10

(2) Topo and Cross Section Survey y

EEEN

Base map prepared
by the Satellite
Image.

Area of Topo
Survey : Break Line
in Black

Cross Section
Survey : Red Line

TS-03

TOMANG ROAD SECTION - TS 03

) ) To check distribution and property of geology on
(3) Site Reconnaissance the ite, and the stability of the rock slopes

Section 2 Section 4 Section 5 Section 7




The slope which

(3) Thomang Cliff

is considered as loosened

area along the road section

2340

2330

2320

2310

2300

2290

2280

2240

2230

2220

FALLEN BOULDES
3M DIAMETER
ELECTRICAL POLE

NO OPENED JOINT
ON THE SURFACE

OPENED JOINT 3-5M INTERVAL

"

puel

Road Slope H=60m

OPENED CRACK
0.25M WIDTH

DUMPED SOIL ROAD.

cAVITY I
Cavity in the Borehole

DETACHED ROCK BLOCK
NO OPENED CRACK/JOINT IS FOUND ON THE SURFACE

Hole on the road in front of the Cliff
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Shear Zone at Rock slope at Southern part of the Cliff

(3) Thomang Cliff 2

Stable Rock
slope

Expected Loosened Area

Cavity
Shear zone
Opened Joints

It can be considered that the area is
loosened based on the
topographical interpretation.

-> The loosened area could not
identified in this study.

16




To check the geological conditions directly by the
drilling survey

(4) Drilling Survey

BH-8 BH-7 BH-6 BH-3 BH-2 BH-1
BH-CZD BH-1

BH-3 O

i
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(4) Sei i Exol . To estimate underground conditions by difference of
€Ismic EXp oration velocity of the artificially-generated seismic wave

run though the underground.

18




(5) Result of the Seismic Exploration

Thomang Cliff

Southern portal Northern portal
To Wangdue Phodrang To Trongsa

Around Portal : 650LL T ~2800m/s , Middle part of the tunnel:2800~>4000m/s

4. Standard and Guideline

(1) Standard and Guideline on road construction in Bhutan

Year of

Title Authority
Issue

Guidelines gn Road Clgssmcatlon System and Delineation 2009 MoWHS
of Construction and Maintenance Responsibilities
Road pavement of Standards DoR
Guidelines on use of Standard Work Items for Common 2010 DoR
Road Works
Bhutan Schedule of Rate 2015 MoWHS
Specifications for Building & Road Works 2015 MoWHS
Indian Standard BIS
Indian Road Congress Code IRC

AASHTO




(2) Machinery/Material for Construction

Almost machineries and materials for road construction are
available in Bhutan. On the other hand, machineries for slope
protection works and tunnel construction shall be imported
from out of the country.
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(3) Standard/Guideline for Tunnel Design
Standard/Guideline for tunnel design and quantity survey has
not been prepared in the Bhutan yet.

Punatsangchhu— I Hydroelectric Project Authority did not
provide detail information on tunnel design and construction. In
this study, the Japanese standard/guideline for tunnel has been

applied.

Length : 1522m

Carriage way : 7.5m . s

Side walkway : 2X1.5m \vr'
Higtht(Max) : 7.5 P _/__Mh
Executed by : Punatsangchhu-II Hydroelectric Project Authorit ,.//—um.u:_,.ﬁl\_‘-_. ToN L
Consultant : WapcosLTD S s TR

— PRECAST RCC LAGOING SLAD

Constructed by : M/s Jaiprakash Associates LTD

/
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'\\<\ 150 2506 500 e
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5. Basic Planning(Primary Screening)

Procedure

1. Examine the results from Natural Environmental
Investigation and Information Gathering.

2. Compare 4 plans from Mobility, Constructability and
Environmental aspects.

3. Select out the viable 2 plans to calculate the estimations

Results

-Plan A: Tunnel at whole section -> O:Adapted

-Plan B: Combination of Tunnel and Widening -> A:Adapted
(less advantageous)

-Plan C: Diverting -> X Dismissed
-Plan D: Road Widening -> % Dismissed

23

Table Primary Screening (Source: JET)
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Reason for adaptation (Plan A)

1. Enable to avoid the physical hazard (rock Fall/Siope Failure)
Simple Alignment -> Very smooth alignment

Good Mobility for cars and trucks

Easy to secure the construction yards

Protection of forests and natural view (Landscape)

a Rk wD

Reason for adaptation (Plan B)

=

Enable to avoid the physical hazard rocrausiope Faiure)
2. Less advantageous factors:
2-1. Enormous amount of excavated soil (150,000m?)
2-2. Complexed Alignment of Tunnel &Road
—Be subject to be compared in Secondary Screening

25

Reason for Dismiss (Plan C)

(1 The area occupied for (2 Steep Topology in the middle point
construction of Tangsibji Hydro (Steep Valley) —> Difficult to Excavate and
Energy (Around the Northern high Slopes should be planned (about 200m
Portal) high)

@ Longer than Tunnel Routes
(Plan A or B) => Length is 3.4 km
(Impossible!)

26




Reason for Dismiss (Plan D)

Unstable basement for the Existing Road beneath the Cliff (Crack found)

There may not be impossibility of failure in future.
—>Permanent Countermeasure can’ t be planned in such unstable part.

27

6. Outline
Design

Basic design were drawn
toward the selected 2 plans
(A and B) for comparison.

"Plan A:
section

*Plan B: Combination of
Tunnel & Widening

Tunnel at whole

Lists of drawings prepared for
comparison between 2 plans.

Table-7.1-Conceptual Design-Drawings-(Source: JET) .

Conceptual Design Drawings -

#:Route-A-and-B-share the same-mapfor-tunnel-section .

(This lists was included in the report.)

. [ Scale - | Remarks.
Tunnel-Plan-(Route A).
| -| Plane-map. 1:2,500 -
| Plane'map. 1:1,000
+| Longitudinal profile- (1),(2) - 1:1,000 -
map .
| Geological longitudinal- | (1),(2)- 1:1,000 -
|| profile-map.
o| Standard transverse C1,CIl Crosssection - . 1:30. Tunnel sectionis
| | profile-map-(1)- listed below -
+| Standard transverse D | Cross section . 1:30. :
| | profile-map(2).
.| Standard transverse DIII-1, DIII-2 Cross-section - 1:30.
profile-map-(3).
-| Division-of cross C 1 ,ClI Cross section . 1:60.
section-of heading map .
-| Division of cross D1 ,DII-1,DIll-2-Cross. 1:60.
seclion-of heading map | section.
<| Tunnel support pattern- | C | Cross-section- 1:60.
map-(1)- Shotcrete/Rock-bolt- work-map .
2| Tunnel support pattern- | C1I Cross-section- 1:60. Weight-calculation
map-(2)- Shotcrete/Rock bolt work-map - for transportation .
Steel-arch-support-work-map .
2| Tunnel support pattern- | D | Cross-section- 1:60. Weight-calculation
map-(3)- Shotcrete/Rock bolt work- map . for-transportation -
Steel-arch-support-work-map
< Tunnel-support-pattern- | DII[-1Cross-section 1:60- Weight-calculation
map-(4). Shotcrete/Rock-bolt- work-map . for-transportation.
DIII-1, DIII-2 Cross section - Injected forepaling
Steel-arch-support- work map -
o Tunnel support pattern- | DII[-2 Cross-section 1:60. Weight calculation
map-(5)- Shotcrete/Rock bolt work-map - for transportation .
Long steel pipe
forepoling .
Combination-plan: Tunnel +-Current-Road Widening (B-Route)- .
| | Plane map - : 1:2,500 -
| | Plane map . 1:1.000
| Longitudinal-profile- 1:1,000 .
map
- Geological 1:1,000 -
longitudinal profile
map
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Plan A:Tunnel at whole section

Salient Features

Whole route can avoid the loosen zone (plastic deformed) and valley topology (fractured
zone predicted).

The length became shortened by 30% at 840m. [745m in tunnell(compared to 1,210m at Existing Road)
Inclination: 1.57% at monotonous inclination, which is satisfied condition for ventilation (3%).
Mucking starts from Northern Portal (Trongsa side), lower than southern portal.

Plan B)L—F : Combination Tunnel (Cliff) and Widening

Cliff

Steep
Valley

Salient Features

The shortest way to avoid the hazards from ClIiff.
The curving R =200 m in the tunneling.
Road widening in the south half section by slope cutting works.

Total length is L=1,090m [331m tunnel included], which is 120m longer that the
existing section.




Design for Tunnel
e Design is based on STANDARD SPRCIFICATIONS FOR

TUNNELINGS -2006 : Mountain Tunnels (Japan Society of
Civil Engineers) including the results of investigation on

site

NATM (New Austrian Tunneling Method)

_ Premise/Precondition for Design

m Blasting and Ripping (applied for 5 pattern/C 1 . CII . D I , DII-1, DI-2)

o SRR Full Face Method for C; . Cy

SIEEEE Benching Cut Method for D; ~Dy

Damped by Hydraulic Excavator, Transported by Dumper Truck
AT the portal area and the middle point (fractured zone?).

= Auxiliary due to the thick sedimentation.

the fragility from the fractured zone.

. Steal pipe fore piling (L>200m) works is planned at north portal

. Grouting fore piling works is planned in the middle point due

31

Inner structures for Plan A Route
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Outline Design for Plan A Route

Supporting pattern for Plan A route

Fare rock .

e &
]

Poor rock

-(G]I Bfm) —

Extremely
... poor
(Sediment)

Longitudinal Geological Profile and Design at Plan A Route

fTongsa

B i i@ D,. i Cy/Fare
Support /Sediment . rock

Pattern — <

ﬁ Thick sedlment o e b e e

Con5|dera Strong.
: \ eatherlng

““High Velocity

Fact Findings

Wangdi
Steep '
Valley
Cy/Poor C,/Fare .- D,
. rock : rock . g/Sediment .
Uncertainty/Fr Strong

““actured Zone

not denied.

No Data

High Velocity _
~wo-weathering

(Geology/| Investﬁationl > <

Sediment Fare rock

Available

—
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Outline Design for Plan B Route/Tunnel

Trongsa Wanga

Steep _
RAEEE ()
Valley
1 = .
Support I oL
P I:tp _ D.. . Cy/rare Dy. | I A |
attern ~ u/Sediment rock . p/Sediment
i T > Inner structures are the same
Considera . -
h . Strong.. High Velocity as Plan A.
thh weathering : '
Aﬁ} aer | am s |
Fact Findings < >< ol
Geology/mvestigation)- Sediment Fare rock e .

Outline design for Plan B Route/Cut Slope Stricture

Very huge 4
cut slope

needed,

which is 200m
physically  height
impossible.

Cut at the top
side first to

v
avoid the . . o
existing traffic. * REMER VIR F—IEA

JL—kERILC

| THOMANG ROAD SECTION - TS-06]
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7. Comparison(Secondary Screening)

1.Procedure: Design, Estimation, Construction Planning
are examined for 2 plans.

2 Results: Plan A (Advantageous) O:Advantageous
Aspects for Comparison Plan A Route Plan B Route
Length 840m 1,090m
Alignment/Mobility O A
Construction/Safety @) A
Environment/Maintenance @) A
Economically advantageousness O A
Evaluation O A
Comparison Table
ltem Plan A Route Plan B Route
(Tunnel) (Combination: Tunnel & Widening)
*Tunnel along the whole section * Tunnel behind the Cliff
Concept *Controlled by Existing Road/Gabion *Controlled by Existing Road/Gabion
- in the north end. in the north end.
Features *R=300m *R=200m
Y *Overburden 50m in the Valley. *Connected to the Existing Road at
*R=300m in the southern part Valley
L=840m (Existing — 370m) L=1090m (Existing — 120m)
(No.0+0~No.42+0) (No.0+0~No.54+10)
Length Earth/Slope Works L= 95m Earth/Slope Works L=759m
(11.3%) (69.6%)

Tunnel L=745m (88.7%) Tunnel L=331m(30.4%)




Comparison Table

O:Advantageous
A :Disadvantageous

[tem Plan A Route Plan B Route
*Large gap in the R connectivity
(R=200m in the tunnel and
Allgnrjn.ent . Smooth alignment between R=40m at VaTIIey) is hot favorable
i) tunnel section and approachin 57 ST Clive:
HarmonizatSection oty s *Inclination (Vertical) i=4.2%
. : . o )
|or}13|c;fn:cehe ‘Inclination (Vertical) i=1.57% :te:;ra:SI:)for ventilation (3% at
. *R=300m satisfies the design RS A
alignment *The existing road does not
speed of 80km/h ) . .
and : satisfy the R=30m (whose design
. *Speed Restrain needed for . .
vertical safety drive speed is 30km/h) in some part.
Alignment v ' * Additional cut slope will be
necessitated if alignment will be
improved.
Comparison Table
ltem Plan A Route Plan B Route
(Tunnel) (Tunnel + Widening)

*Huge Slope Cut(H 200m)
-Landscape X (A=56,000m? for
cut slopes) (EIA needed at the

O planning phase)
- Soil Deposit : 1.29 million m?
*Regular Maintenance for huge
slope needed

*Landscape O (EIA needed)
*Exhaustion O
Environment, = Soil Deposit : 70,000m3 (Excavated)
Landscape - Lightning/Emergency facility
needed
*Pavement: Concrete (low maintenance)

Estimation: 3.10 billion Nu
O  (2.85 billion Nu/km)
X 1.6 fold against Plan A route

Estimation: 1.89 billion Nu

Economics (2.29billion Nu/km)

*Recycling plan for excavated soil needed to create the flatten area

* Consideration for neighboring (Tangsibji Hydro Energy) will be needed
Others (Approaching road and construction yard).

 Coordination to the road widening plan in the outer section (beyond the
portals) will be needed

Evaluation Plan A Route is advantageous.




8. Advices

1.Recycle the by-product

1. Environmental Protection 2.Reduce the emission
Recycling Excavated Rock/Soil Stone Material,
. ROCk » Basement for Road
Excavatio Bed, Gabion etc.
Works

Embankment for
Sand E> basement (housing
Soil/ C@/

Digging Mucking

foundation)

Embankment or
Deposit (Vegetation)

2. For Safety Drive

Sign board

*Awareness to Driver to
keep the speed.
*Turn-on light to inform
the coming car

Thank you for hearing!

Trongsa City

Site Overview
Trongsa Tower

Dochhu la

Cliff from southern part Cliff I
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