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Courtesy Call to the Department of Road (DoR), 1t Steering Committee, Thimphu, 30 July 2014
Thimphu, 10 July 2014

1* Seminar [Fundamentals and basics on slope Calibration works for slope inspection by the JICA Expert
disasters], Thimphu, 19 August 2014 Team, Trongsa, 2 October 2014
2" Seminar [Slope inspection & Aerial photo- 3" Seminar [Outline of slope inspection on site], Trongsa,

interpretation], Trongsa, 9 October 2014 10 December 2014
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4" Seminar [Method of slope inspection on site], 5" Seminar [Preparation of slope inspection sheets],
Trongsa, 21 November 2014 Dochula, 19 December 2014
6" Seminar [Road maintenance Outline of GIS 1% Technical transfer workshop, Thimphu,
database], Trongsa, 6 February 2015 17 February 2015
1* Technical transfer workshop, Thimphu, 7" Seminar [GPS and GIS conversion], Thimphu, 11

17 February 2015 June 2015
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8" Seminar [Training for slope inspection on sites], Drilling works, Bangla Pokto Area, June 2015
Trongsa, 14 April 2015

9™ Seminar [Geological investigation on sites], 10" Seminar [Slope inspection and regular check,
Trongsa, 4 July 2015 Geological investigation], Thimphu, 6 July 2015
Training in Japan, Hokkaido Regional Development Training in Japan, Takasaki Office, Ministry of Land,

Bureau, Sapporo, 15 July 2015 Infrastructure and Transport, 21 July 2015
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11" Seminar [Regular check on sites], Lingmetheng and
Trongsa, 28 August and 4 September 2015

2" Technical transfer workshop, Thimphu,
21 October 2015

2" Technical transfer workshop, Trongsa,
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12" Seminar [Countermeasures on sites], Thimphu and
Trongsa, 20 and 26 October 2015

2" Steering Committee, Thimphu, 21 October 2015

13" Seminar [Regional map by using GIS], Thimphu,
22 December 2015
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14" Seminar [Topographic analysis and map by QGIS], 15" Seminar [Mapping by GIS, GPS and GIS conversion,

Thimphu and Trongsa, 15 and 18 January 2016 slope inspection on roads], Phuentsholing, 23-25 March
2016
16" Seminar [Prioritization for countermeasures], 17" Seminar [GIS database for slope disaster
Thimphu, 15 April 2016 management 1], Thimphu, 1 June 2016
Submission of manuals and draft final report, Thimphu, 3" Steering Committee, Thimphu, 9 June 2016

8 June 2016
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3" Steering Committee (signing the handover equipment
documents), Thimphu, 9 June 2016

3" Technical transfer workshop, Thimphu, 10 June 2016

18" Seminar [GIS database for slope disaster
management 2], Lobeysa, Transhigang, Thimphu and
Phuentsholing,

20-29 June 2016

Handover equipment (two vehicles)

3" Technical transfer workshop, Thimphu, 10 June 2016

18" Seminar [GIS database for slope disaster
management 2], Lobeysa, Transhigang, Thimphu and
Phuentsholing,

20-29 June 2016
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1 Introduction

1.1 General

This report is a Final Report (hereinafter F/R) which covers the entire results of survey,
analysis, evaluation and discussion on 1) the preparation of inspection manual, 2) the slope
inspection on roads, 3) the inspection database and 4) advices for countermeasures from
August 2014 to July 2016 for the Project for Master Plan Study on Road Slope Management
in Bhutan (hereinafter the Project) according to the Record of Discussion (hereinafter R/D)
agreed upon on the 10" of March 2014, between the Gross National Happiness Commission
(hereinafter GNHC) of the Kingdom of Bhutan (hereinafter Bhutan) and the Japan
International Cooperation Agency (hereinafter JICA).

JICA has since dispatched ten (10) experts (hereinafter JET, or JICA Expert Team) who
specialize in investigation, analysis, design and countermeasure on slope disasters on roads.
The Project is conducted with members of Department of Roads (hereinafter DoR), Ministry
of Works and Human Settlement (hereinafter MoWHS) as counterparts (hereinafter the C/P)
from August 2014 to July 2016.
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1.2 Background of the Project

Roads are major means of travel and transportation in Bhutan, and development of an
efficient and safe road network is essential for Bhutan’s social and economic development.
The Framework for National Development “Bhutan 2020**,” the Road Sector Master Plan
(2007 — 2027)*?, the 10th Five Year Plan (2008 — 2013)*3, and the 11th Five Year Plan (2013
— 2018)** provide the basis for national development in the road sector. Indeed, the total road
length in the country was about 2,300 km in 1990 and is increasing every year (Figure 1.2.1).
Bhutan 2020 set the following numerical targets and strongly promotes road development as
a major national project:

» Improve arterial roads by 2007 to allow for traffic of 30-t trucks.
> Develop a road network by 2012 that can be reached on foot in half a day by 75% of the

country’s population.
» Complete the second east—west road (about 794 km) by 2017.

i Others
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Figure 1.2.1 Increase in Total Road Length in Bhutan (Source: DoR-MoWHS Bhutan)

However, because large parts of the country consist of steep mountainous areas there are
significant geological and topographic constraints to the construction of the majority of roads.

There are few roads with sufficient road slope disaster management in place. Consequently,
slope failures frequently occur and isolate areas from the capital or other areas of the country,
disrupting travel and the transport of agricultural crops. The DoR, which is responsible for
the construction and maintenance of roads and bridges in Bhutan, has covered road slopes
with vegetation and has reinforced them. However, because of a lack of skills and experience,
sufficient road slope disaster management has still not been implemented.

With this background, the Government of Bhutan asked the Government of Japan for
technical help to enhance the capability of DoR to identify road slopes that require slope
disaster management and to implement disaster management measures. In response to this
request, JICA has decided to transfer the necessary technology to Bhutan through the
development of a road slope management master plan for the country’s national roads. JICA
has also decided to implement a technological cooperation project based on a development
plan survey.

1-2



JICA KOKUSAI KOGYO CO., LTD.
The Project for Master Plan Study on Road Slope Management in Bhutan EARTH SYSTEM SCIENCE CO., LTD.
(Final Report) ORIENTAL CONSULTANTS GLOBAL CO., LTD.

OYO INTERNATIONAL CORPORATION

1.3 Objectives of the Project

1.3.1 Purpose of the Project

The purpose of the Project is to introduce the inspection techniques for road slope disaster
management into Bhutan so that DoR can manage slope disasters. The Project identifies
high-risk road slopes and contributes to the development of a road slope management master
plan (including survey, monitoring, and a management plan).

1.3.2 Expected Outcome
Outcome 1: “Inspection manual”: A slope disaster inspection manual on roads is created.

Outcome 2: “Slope disaster inspection on roads”: Slope disaster inspections are performed on
roads in the selected sections, and a slope inventory and a regular check will be
created.

Outcome 3: “Inspection database”: A road slope disaster management database that includes
the slope inventory and the regular check is developed for the surveyed sections.

Outcome 4: “Advice for countermeasures”: JET gives advice to DoR on one or two pilot sites
where countermeasures are to be constructed.
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14 Scope of the Project

141 Target Areas

The country has steep mountainous topography with significant geomorphological and
geological constraints. The population of the country lives mainly in rural areas, although
there is a need for the transport of people and materials to urban areas. Therefore, the
importance of road transportation is increasing recently. Road closures due to road slope
disasters along roads occur frequently causing a large amount of damage to the country.

The target area for the Project is selected considering many aspects such as natural and social
as well as economical influences mentioned above. Meanwhile, long history to deal with
these kinds of damages due to slope disasters in Japan of which similar topographical and
geological aspects are recognized. Technical transfer of the knowledge to DoR personnel
regarding road disaster management is also considered for the selection of the target area
where they should be located a reasonable distance from their field. Typical types of slope
disasters such as rock failure, slope failure, landslide and debris flow are included in the
selected sections to develop the capacity of the personnel for road slope management.

The target areas of around 80km road section are proposed in the preliminary stage on the
basis of the aspects mentioned above, and they are shown in the figure below.

e Target Area (Sections of Road)

Figure 1.4.1 Target Areas in the Project (Source: JET)

However, limited revision of the area might be proposed when condition of the road changes
due to unexpected occurrences of huge natural disasters and other uncontrollable factors in
future stages of the Project.

The detailed procedure and methodology to select the target areas are described in Chapter
3.2t03.4.
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1.4.2 Parties Involved in Bhutan
»  Counterpart organization: DoR, Ministry of Works and Human Settlement
»  Direct beneficiary: DoR
» Indirect beneficiary: the public (road users) and other relevant sectors
1.4.3 Project Duration
August 2014 to July 2016 (about 24 months)
1.4.4 List of JICA Expert Team
The names of the JICA Expert Team (JET) members are listed below. It indicates the role of
each member.
Table 1.4.1 List of JICA Experts (Source: JET)
No JICA Experts Field of Expertise
1 | KUWANO Takeshi Team leader / Road slope management.
2 | KOTOO Kimihiko Vice team leader / Slope inspection
3 | HARA Takashi Slope stability countermeasure
4 | TOZAWA Masanori Investigation and monitoring
5 | IWASAKI Tomoharu Slope risk analysis
6 | SAITO Takashi Slope stability database system
7 | SUGANUMA Yasuhisa Road maintenance
8 | SASAKI Akira Topographical analysis
9 | YAMAMOTO Yosuke Environmental & social consideration / Coordinator
10 | YOSHIDA Haruka Environmental & social consideration / Coordinator
1.4.5 List of the Counterparts

The C/P of the Project are from DoR, and are divided into a Steering Committee (hereinafter
SC) and a Working Group (hereinafter WG). SC is a committee to discuss issues, to approve
plans/progress/results, to coordinate with related organizations of the Project. WG is a group
to conduct actual activities and technical transfers in the Project and is composed of engineers
in the headquarters and the regional offices in DoR.

Table 1.4.2 List of the Steering Committee (Source: JET)

No Name Organization Title/ position

1 | Karma Galay DoR Director

2 | Tshering Wangdi ‘B’ DoR Chief Engineer (Maintenance Division)

3 | Dorji Tshering DoR Deputy Executive Engineer.

4 | Kuwano Takeshi JET Team Leader/ Road slope management.

5 | Kotoo Kimihiko JET Vice Team leader/ slope stability inspection
6 | Kunzang L. Sangay GNHC Deputy Chief Planning Officer

1-5



JICA

The Project for Master Plan Study on Road Slope Management in Bhutan

KOKUSAI KOGYO CO., LTD.
EARTH SYSTEM SCIENCE CO., LTD.

(Final Report) ORIENTAL CONSULTANTS GLOBAL CO., LTD.
OYO INTERNATIONAL CORPORATION
Table 1.4.3 List of the Working Group in DoR (Source: JET)
No Name Position Organization
1 | Dorji Tshering Deputy Executive Engineer | Headquarter, Thimphu
2 | Dilip Kr. Thapa Executive Engineer Headquarter, Thimphu
3 | Phuntsho Wangmo | Assistant Architect Headquarter, Thimphu
4 | Dhendup Dorij, Engineer Regional Office, Tashigang
5 | Nim Dorji Assistant Engineer Regional Office, Lingmethang
6 | Wangchuk Engineer Regional Office, Trongsa
7 | Karma Dorji Executive Engineer Regional Office, Sarpang
8 | Sonam Thinley Assistant Engineer Regional Office, Lobesya
9 | Drakpa Wangdi Executive Engineer Regional Office, Thimphu
10 | Neten Tshering Deputy Executive Engineer | Regional Office, Samdrup Jongkhar
11 | Karchung Deputy Executive Engineer | Regional Office, Zhemgang
12 | Prabin Gurung Deputy Executive Engineer | Regional Office, Phuentsholing.
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15 Major Activities

Component 1 “Inspection manual”, component 2 “Slope disaster inspection of roads”,
component 3 “Inspection database”, and component 4 “Advice for countermeasures” have
been conducted from the commencement of the Project in August 2014 up to July 2016
(Figure 1.5.1).

As the inspection manual (Chapter 2), the manual has been prepared based on the
consideration of inventory format, the discussion of slope disaster types in Bhutan, and the
standardization of countermeasures for slope disasters. The manual has been updated after the
inspection and regular check at the sites and finalized by discussing issues with the C/Ps. A
guideline for topographic analysis has been also prepared.

As “Slope Inspection” among the slope disaster inspection on roads (Chapter 3), five (5)
sections for the inspection have been selected by reviewing the collected documents and
information, and interviewing the C/Ps. First screening (photo interpretation) and second
screening (site checking) have been conducted for the five (5) selected sections to determine
areas to be inspected in the Project so that almost 460 sites along National Road No.1 and
No.4 have been selected. The road slope inventory has been implemented at 457 sites, and the
risk evaluation classified as rank 1, 2, and 3 was conducted at each site. Additional geological
investigations and topographic analysis have been conducted in the pilot sites.

As “Regular Check” among the slope disaster inspections on roads (Chapter 4), the regular
check sheets have been prepared for rank 1 (63 sites) and rank 2 (145 sites) based on the
hazard analysis in the slope disasters. The regular check has been implemented for the
remaining sites in the rank 1 and 2. The Master Plan on the priority of countermeasures on
the slopes disaster has been discussed with the C/P and proposed as a final plan in the Project.

As the inspection database (Chapter 5), the database of slope disasters has been developed to
efficiently store and update the road slope inventories and the regular check based on the
discussion with the C/Ps. After development of the database, DoR will need to maintain it
and update data to allow self-sustainable development in Bhutan. To help DoR with this task,
JET has prepared a manual for the use of the database.

As the advice for countermeasures (Chapter 6), the background and the advice of the grant
tunnel project are summarized. The advice for countermeasures in roads has been delivered to
the C/Ps.

As the technical transfer (Chapter 7), the seminars for specific themes and a series of
workshops for road slope disaster management by inspection are being conducted as well as
the OJT (on-the-job training) in the Project. Newsletters have also been issued during the
Project. The training in Japan was held in July 2015 by 12 attending C/Ps to understand the
techniques used in Japan for slope disaster management inspection, along with a wide variety
of slope disaster management technologies and techniques.
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Year 2014 [ 2015 2016
Month 10 11 1 12 1 2 3 i 4 5 10 11 12 1 2 3 4 5
Season Dry Dry
MNumber of Manths 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
J Project plan
O1stEC Op2ndsc oarsC
L1 Prior|

1.1 Collection and analysis of documénts and information
1.2 Poduc fion of an inception report
[[3 Presentation and discussionof aninception report r=-4-----— -l _d L. i ____

Matters common to all outcomes

-------------------------------------------------------------- -~ grd technblogy
trau sfer wotkshop

(- " 3. Explaation and 14 Prbductbn
Crtaton } 12 Explanation anc discusbion of T LR “Pf@'.:em? o R _"§°

:L2, Creation of a inspection/diagnosis manual ». 3. Review the slope disaster management ins pec fion/diagnosis manual

_______________ P i e S
e ‘2.1 Development of inspection/diagnosis manual
Activities related to Outcome 1 Y
22 De}einp?em of aireg
Inspection manual 2.3 Defifition of siope dsasiertypy

2 4 Determinalion of standard_y)
slope protection measures

8T

4.1 Collection ¢ information
. »| 4.2 Determination ﬁrskleve!sa H selection of survey sectol 51 Analysis of /o of road slope isaste

I_, 4.3 Screening 0f5|npﬁ15 —| 5.2 Creation of a reguiarcheck
Activities related to Qutcome 2 g ;
Slope disaster inspection on roads |_, A A Selection|of skbpes tobe surveyed 5.3 Transferof techniques forthe creation and useof a regular check
L»{ 4.5 Creation of a roadslope register Ly ﬁﬂ;;f;gmg_ms,?,';gﬁg,g““"gd‘m d :

5.5 Implementation of regular check

»| 4.6 Implementation of addifional surveys

4.7 Transfer of slope disaster management inspection techniques

Activities related to Outcome 3
Inspection database

I—»‘ 6.2 Creafion of a siopedis aster management databds e manus

r 7. Advice to DOR on slope protec tion measures

Activities related to Outcome 4
Advice for countermeasures

Figure 1.5.1 Flow Chart of the Project (Source: JET)
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(Reference)

*1  Planning Commission, Bhutan 2020: A Vision for Peace, Prosperity and Happiness,
2011

*2  Ministry of Works and Human Settlement, Road Sector Master Plan (2007-2027), 2006
*3  Gross National Happiness Commission, 10" Five Year Plan 2008-2013, 2009

*4  Gross National Happiness Commission, 11" Five Year Plan 2013-2018, 2013

1-9






Chapter 2

Inspection Manual






JICA KOKUSAI KOGYO CO., LTD.

The Project for Master Plan Study on Road Slope Management in Bhutan EARTH SYSTEM SCIENCE CO., LTD.

(Final Report) ORIENTAL CONSULTANTS GLOBAL CO., LTD.
OYO INTERNATIONAL CORPORATION

2 Inspection Manual

2.1 Inspection Manual

A manual for slope disaster inspection on roads in Bhutan (hereinafter: the “Inspection
Manual™) is created on the basis of the Manual for Disaster Management Inspection on Roads
in Japan and the Manual for Road Disaster Management by Regular Check Sheet in Japan.

The inspection manual indicates a standard methodology of how road engineers should
inspect for slope disasters on roads such as landslides, rockfalls, slope failures and debris
flows and compile the inspection results. Specifically the following items are described in the
manual;

»  Standardization of methodology of the inspection

»  Clarification of points to be inspected

» Standardization of hazard and risk on evaluation of slope disasters
»  Organization of the inspection results in unified formats

The inspection manual includes the description that is elaborated in the following sections of
this report as follows;

» Inventory format
»  Slope disaster types

» Standard countermeasures for slope disasters

During the development of the inspection manual, modifications, supplements, and additions
are made as needed on the basis of a review of the results of, and improvements in, slope
disaster inspection on roads in Japan, as well as on the basis of Bhutan’s climate, topography,
geology, traffic, implementation structure, and capacity. To provide technical guidelines that
allow DoR engineers to inspect slopes by themselves after completion of the Project, the
inspection manual is designed in such a way that they can easily go through it in accordance
with the flow of tasks in the Project.

The inspection and the regular check sheet in the manual are aimed to evaluate the factors of
potential disasters which may affect traffic and infrastructure on roads. Further detailed
investigations and analysis are needed for the design and construction of countermeasures.

The manual elaborates on the methodology and procedure about 1) screening of targeted
areas, 2) disaster inspection at site, 3) evaluation of slope disasters, 4) regular check sheet,
and 5) management and database. The contents are as follows:
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Table 2.1.1 Contents of the Inspection Manual (Source: JET)
Chapter Title Contents
0 Preface Definition of Slope Disasters
General
Outline of Slope Disaster Objectives of the Inspechon
1 | . Targeted natural disasters
nspection e . .
Significance of this manual for road engineers
Flow of the Inspection
Screening of Targeted General
2 A Screening by desk study (First step)
reas . . .
Screening by field reconnaissance (Second step)
General Information Sheet
. . Evaluation sheet and photo sheet for Rock slope
3 Preparation of Disaster failure/ ) fai
Inspection Sheet ailure [_)ebns slope failure .
Evaluation sheet and photo sheet for landslide
Evaluation sheet and photo sheet for debris flow
Evaluation of Slope Calibration
4 . Risk assessment
Disaster
Proposed countermeasures
Outline of Regular Check Sheet
5 Regular Check Sheet Method of Regular Check Sheet

- Maintenance and management

The inspections are performed according to the inspection manual, and the inspection manual
and the format of the forms or sheets are updated on the basis of the experience obtained in
these inspections in order to adapt to Bhutan’s specific situation. In the review of the manual,
JET particularly takes into account the ability of DoR to perform observations and fill in
sheets in the field, as well as the reproducibility of findings (as determined from the
information filled in on the sheets). A review then is conducted with the participation of JET
and C/P. It takes into account knowledge and advice from the perspectives of inspection and
countermeasures, as well as surveys, monitoring, risk analysis, database development, road
maintenance, and environmental and social considerations.
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2.2

2.2.1

Inventory Format

To enable Bhutan to develop a road slope management master plan in the future, it is of great
importance to develop a set of forms, including an individual slope record, a stability
assessment sheet, a disaster history sheet, and a regular check sheet, that contain information
on road slope failures.

Forms that are as simple and easy to use as possible are developed on the basis of the
Japanese forms. All the necessary information needs to be filled in on the form according to
the condition of the road slopes in Bhutan. Fixed-point photographic observation should be
used to record findings and changes in the field. There are three (3) inspection sheets:

> General information sheet
> Evaluation sheet
> Photo sheet

The slope disaster inspection is carried out using inspection sheets which are specified
depending on the estimated disaster type. The evaluation sheet among the inspection sheets
are prepared for four (4) types of disaster: “Rock slope failure”, “Debris slope failure”,
“Landslide,” and “Debris flow” (Points to be checked in the disaster inspection are the same
for both rock slope failure and debris slope failure so the same inspection sheet is utilized for
both).

General Information Sheet

General information sheet is the one to describe the general attributes such as management
office, road type/No., latitude and longitude, full view photo/schematic sketch, location map,
disaster type, estimated disaster volume, proposed countermeasures, and judgment.

Format of the sheet is common among the four (4) types of disaster. Summary of the site
conditions are shown on the sheet. The blue shaded areas of the sheets in the following figure
shall be described in the inspection. Users can gain a rough understanding of the site situation
from this sheet.
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General Information Sheet

T = _ _| f:
Management office Trongsa Road type/name : Primary National Highway { No.4 é‘-g g
T N D D ; T * : =71
ManagementNo. |T ER i0i4iRIFi0}0:7:0| Distance from startpoint : 454 km from Trongsa |Length onroad; 320 mjlatitude: N 27°29'17.5" |longitude: E 90°30'37.6" X3
Fin S ) Sl il Sl : | ! : o T
Inspector § Takeshi KUWANO |Organizationi JICA Expert Team Date October/ 7/ 2014 -§ Q
} 2z
Full veiw photo / Schematic sketch Road slope Mountain side Valley side %
[
Disaster type Rock slope failure ; Rock slope failure %
8 Rock slopes are mainly exposed at 3 parts. iRock slopes are exposed in places. %
ro_ss Overhung/ dip slope/ detached rocks with  :Overhung/ dip slope/ detached rocks with %_:
section ] T : - open cracks, which are highly unstable, are iopen cracks, which are unstable, are »
| Fraggiios: sosaseeras i Q}/ scattered in the outcrops. Roots of trees are iscattered in the outcrops. g_"
: i Pritacc b | } LN } penetrating into the cracks, which broaden iSeveraI pitholes and exfoliation of the <
\(f ) O " } oo Ly O e the cracks. The height of the outcrop is 10- :asphalt on the road surface are scattered. 8
T *: — | ]|, [ .:-ka = 20m. {Erosion of the valley side would be JOU
| FEEEE I ) | U | l?‘f Poor visibility by bad road alignment. ‘exacerbated in the future. o)
ksl I f = i IESEEH PR e . : ; o
A LY s lp e s RS T Description | The fallen rocks and rock masses would i Though urgent countermeasure is not %)
i :: ‘|’ v (T); () FEEEE | R affect the road traffic. Countermeasure work :necessary, regular inspections are needed. _8_
i e R [ is necessary. ‘ @
R 5
0 o ) i &
[ ¥ :(B, P 8
EEER HLsRtia R L] bisai 3
I [0]
=
5
W
>0
Year of ) g—
occurrence : =}
Judgment Rank 1B Rank 2
o
Location map Y
m
: 3
i Rockfall :
Es_t'mated o N :Collapse of the road 3 =z
disaster |minimum: 50-300cm in diameter : o~
) :Length: 60m o>
volume |maximum:5m * 4m * 3m =60m3 : z0oZ%
i 5 = :_E|
mw
TCO®
zZEXA
sSdw o
3243
—Z2mcC
oO+dzw
Proposed i )Z> @By =
counter- |Cutslope :Reinforcement of the earth retaining = ,G—) o é
measures |Length: 15m, 15m, 30m * Height: 10- iwalls 8 8 E ®
0 om 500 | (type, |20m *depth: 2-3m ‘Length: 60m 22Q 3
I S S L | Quantity) : 0000
JOOO
>
d-rrr
. . oddd
Figure 2.2.1 Example of General Information Sheet (Source: JET) z00U
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2.2.2

Evaluation Sheet

a. Rock Slope Failure/Debris Slope Failure

A rock slope failure is equivalent to falls and topples. Rock slope failure is a phenomenon
that occurs when foliated rocks and gravel due to enlarged cracks in the bedrock or
outcropping rocks start to fall down a slope.

A debris slope failure is equivalent to falls of debris and earth material, but it does not include
“rock slope failures”. The debris slope failures mass detached from steep slope/cliff along
surface with little or no shear displacement. It may be called a “surface failure”. Compared to
landslides, rock or debris slope failures are both quick and on a small-scale, and the slope
angle is a relatively high (over 20 degrees).

The hazard and the risk of rock/debris slope failures are evaluated based on the effectiveness
of existing countermeasures, disaster history and the predisposing causes of slope disasters
such as topography, geology, and slope angle and height.

Causes

\ 4

Countermeasures Overall judgment

History

Figure 2.2.2 Evaluation of the Hazard and the Risk of a Rock Slope Failure/Debris
Slope Failure (Source: JET)

b. Landslide

After a landslide inspection has been conducted, stability of the target landslide is evaluated
by causes, history and existing countermeasure work of the landslide. This information can
be the data to compare future condition of the target landslide for stability evaluation.

Landslide is a phenomenon in which part or all of the soil on a slope moves downward
slowly (less than a few centimeters per minute) over a long duration (over 100 hours) and
often the movement is repeated under the influence of groundwater and gravity. Since a large
amount of soil mass usually moves, serious damage can occur. If a slide has been started, it is
extremely difficult to stop.

Specific landslide topographical features can often be observed on the ground surface of a
landslide. On the other hand, erosion or vegetation can sometimes obscure such specific
landslide topographical features. Generally, landslides can be found within specific
topographic and geological areas. Therefore, topography and geology should be checked at
first, and then history and evidence of its current activity shall be checked on the site as well
as effectiveness of existing countermeasure works.
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Causes

—» Countermeasures Overall judgment

\ 4

History

Figure 2.2.3 Evaluation of the Hazard and the Risk of a Landslide (Source: JET)

c. Debris Flow

A debris flow is equivalent to flows of debris and earth material. A debris flow is a
phenomenon where soil and boulders are liquefied by surface water or groundwater and tend
to flow downward rapidly through a mountain torrent. It usually has huge energy and
destructive force. Debris flows tend to occur in places where there is massive sediment of
unstable debris along a steep torrent, or where there is a large risk of debris slope failure due
to heavy rain in the catchment basin.

The hazard and the risk of debris flow disasters are evaluated based on the causes, the
countermeasures, the road structure and the disaster history.

Causes
Countermeasures x » Overall judgment
Road structure History

Figure 2.2.4 Evaluation of the Hazard and the Risk of a Debris Flow (Source: JET)

It is preferable to collect the following maps and photos to evaluate debris flows.
» Topographic map (Scale = 1:5,000-1:10,000)
» Aerial photos (Scale = 1:10,000-1:20,000)
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e T | R [ 0 [ 4 | R|F|o]|o]7|0] Evaluationsheet (rock/debris slope failure) Inspector Takeshi KUWANO
[Causes] (A) Mountain side Organization JICAExpert Team
ltem factor category of score check| score
z|g |talus slope, 3or more correspondences | -
@ 2 S |clear convex break of slope, 2 correspondences [Disaster type] [Countermeasure] (B) = (A) +a or (A) x0 v
L8 S i i
g S & |eroded toe of slope, 1 correspondences Rock slope v Effectiveness of existing countermeasures point (a) [ check
O  |overhang. water catchment slope |77 mmm e )
) overhang, w ater catchment slope no correspondence failure Potential slope failure are prevented enough, or, it is defended enough w hen it is 0
fible t . Debris slope generated.
= |susceptible to erosion )
3 failure i i ) o )
® |less strength with w ater a F’?tentlal slope failure are considerably prevented, or it is considerably defended w hen 20
@ None v [Main check object] it is generated.
c
2| . |high density of cracks and a w eak layers, ~|marked v Cutslope v Potential slope failure are partly prevented, or it is partly defended w hen it is _10
-g é susceptible to erosion, generated. How ever, it is not enough for the remaining factors.
% fast w eathering There is no countermeasure, or there is not effective even if countermeasures are not
o Natural slope | +0 v
2 . . performed.
g g dip slope of bedding plane )
ol =2
3 |debris on impermeability bedrock, marked sumtotal
& |the upper part is a hard /the toe of slope is |a little marked [History] (C)
weak. Level of disaster history point |check|
There is a history about large fallen rocks and slope failures that w ere 100
Topsoil, detached rock and unsteady rock obstacles to the road traffic after construction of recent measures.
s There is a history about large fallen rocks and slope failures that gets to the 70 v
§ road though there is no obstacle to traffic.
g Spring w ater There is a history about small fallen rocks and slope failures that did not get 40
5]
& to the road. (D) =MAX(B,C)
3
@ Score in evaluati B
" No disaster records 0 core in evalation ®
Surface condition from cause 0
(© 70 .| Score in evaluation (c)
"|from history 70
£ 30=H<50m Among (B)&(C), large  |(D)=MAX(8,C)
° 2 15=H<30m v one. 70
“§ Height (H), dip (i) H<15m [Overall judgment] [Description]
[on - -
i=270° Rock slopes are mainly exposed at 3 parts. Overhung/ dip slope/
ol PRsouteE e /. Rank Response Check| P ; v exp P ; 97 cib siop
- 45°<i<70° detached rocks with open cracks, which are highly unstable, are
"""""""" P scattered in the outcrops. Roots of trees are penetrating into the
) 2 or more correspondences-clarty | 1 Countermeasure work is v cracks, which broaden the cracks. The height of the outcrop is 10-20m.
> S_“Tfac: T°"ap:e_'d small fi”e” _’°°"t; 9”('1'_3" erosion ~orTon core Nt el B 7. necessary. Poor visibility by bad road alignment.
£ fg;?im;:’trs:e S;FZZEe(’J S:C::ék eanm;':i:) O;ee - The fallen rocks and rock masses would affect the road traffic.
| y P ' v Though urgent countermeasure is not Countermeasure work is necessary.
countermeasure

sum total

2 |necessary, regular inspections are
needed.

Countermeasure work is not
necessary.

Figure 2.2.5 Example of Evaluation Sheet for Rock Slope Failure/Slope Failure (Source: JET)
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Mangement number

T;Rt0i4tL§SE0t059t0|

[Main body of landslide]

Mountain side

Evaluation sheet (landslide)

Valley side
Both v
[Causes] (A)
category check | score
exist clearly
ﬁre‘ltseljrgr(;ftgtrilgrzo exist but partial and not clear v
. exist but not clear
Top(}g;lg?lcal large and new cracks, steps and subsidence v
Surface small and old cracks, steps and subsidence
anomalies slight deformation
no anomalies
fault, fracture zone
Geological dip slope
structure
undip slope/ no characteristic feature v
metamorphic rock (schist, quartzite, phyllite etc.) v
Main FOCK sedimentary rock (sandstone, limestone etc.)
Geological formation of i -
conditions landslide body igneous rock (granite etc.)
quaternary deposit (colluvial deposit etc.)
much springs / much seepage
Hydrological little springs /little seepage v
feature trace of water
no w ater observed
sum total (A)
(maximum points:100)
[History] (B)
category point | score
Existing record iobvious 100
(documents or :slight 75 0
Records of patrimony)  inone @
Landslide Damage on road ;Obvious @00)
facilities and  islight 75 100
houses none 0
sum total (B) 100
(Among aboved scores, large one. )

—>

Inspector Takeshi KUWANO
Organization JICAExpert Team
(C)=MAX(AB)
; ) (A
Score in evaluation from cause 0
; ) ) (B)
Score in evaluation from history
100
(C)=MAX(AB)
Among (B)&(C), large one.
100
[Countermeasure] (D) = (c) + a or (c) x0 \
category point (a)| check
There is no countermeasure +0 v
] No effect 10
Effectiveness of Soma effect 30
countermeasure
High effect x0
(D)
sum total 100
[Overall judgment]
Rank Response Check
1 Countermeasure work is necessary. v
2 Though urgent countermeasure is not necessary, regular
inspections are needed.
3 Countermeasure work is not necessary.

[Description]

The area is an active landslide area (length: 100m, width: 50m, depth: 5m?) due
to excavation at the bottom of the valley side by the construction of hydroelectric
power plant.

Slope failures (2*3*0.5m at the start point, 4*3*0.5m at the middle point,
2*20*0.5m at the end point) at the mountain side are being occurred by the
landslide movement.

There are significant deformations/ cracks/ subsidence by the landslide are
identified on the road. Step with destruction of the ditch on the road is around
20cm at the start point, and more than 100cm at the end point. There is 20cm
step at the road shoulder at the valley side.

Figure 2.2.6 Example of Evaluation Sheet for Landslide (Source: JET)
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Managementnumber| T | R | 0 | 4 | D | F | 0 | 1 | 7 | 0 | Evaluation sheet (debris flow) Inspector Takeshi KUWANO
Organization JICAExpert Team
[Causes](A)
itme factor category point score
5 |areas that river bed is 050km20rmore ___________ (LO) [Road structure](C)=(B)+a v [History] (D)
Z [15°ormorein 0.15km?- 0.50km? 8 10 structure category of score score category of score point | check
© |watershed area less than 0.15km? 4 [ (10 10m or more There is a history about debris flow that
? . 40°or more 10 River w ere obstacles to the road traffic after 90
§ Zf;PeSt slope of river 30°-40° T 5 1 10 width construction of recent measures.
less than 30° o[ (10) less than 3m 0 There is a hist bout debris f
ere is a history about debris flow
area that slope gradientis |0.20km? or more B less than 1m or though there is no obstacle to traffic. 40 4
30° or more in w atershed 6 2 No bri
e . D s SN S
area less than 0.08km @ [ ® Beam 1.5
o |areathatmeadow and 0.20km? or more @ height |2m - 3m 15 There is no history of debris flow 0
g shrub (less than 10m 002k220k2 """""" 4 - 3 """ 5 """"""""""""""""""" y 30
%  |height) occupy in |2Rekm e L 8 e .
‘6 |watershed area less than 0.02km? 0 (8) 5m or more -40 (D) m
'g artificial w orks that cause i 5 0 (C)
2 ) 7N sum total 0
9] negative effects @ (5) (E)=MAX(C,D)
& Thew crack and/or slope [certain 5 0 Score from (o)
failure in stream @ ) cause "o
traces oflarge slope  |certain | 10 | 0 Score from (D) P
failure in stream @ r (10) history " 40 -
(A) [Potencial disaster mode] Among (C)&D), | (E)=MAX(C,D)
sum total '(56) 30 large one. " 40
Damage of bridge/culvert
[Description]
Outflow of embankment
Since the locus of the box culvert is different from the bottom
[Countermesure](B) v of stream, water flow is divided into 2 parts due to the
sum ol of Soore (A Debris flooding on the road v topography. Debris materials are deposited at the bottom of
ltem-category = f--eeoemempreseee g them. The volume of the water flow is large so that the
15-2010-15[ -10 retaining wall is partially destroyed and the asphaltis
[Overall judgment] eroded/exfoliated on the road surface
Eff'ec't of Rank R heck In case of the flowing of debris from the streams, the debris
cou:;(:rtrlliure an esponse ¢ would affect the road.
g;ough 0 Though urgent countermeasure is not necessary, regular
B 1 [Countermeasure work is necessary. inspections are needed.
2 Though urgent countermeasure is not necessary,
regular inspections are needed. 4
3 [Countermeasure work is not necessary.

Figure 2.2.7 Example of Evaluation Sheet for Debris Flow (Source: JET)
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2.2.3 Photo Sheet

Photo sheet is composed at least the following photos;
Front view of the target slope

Side view of the target slope with road

Notable findings (anomalies) on the site

Slope surface condition

Existing countermeasures

Stream from top of debris flow

Stream from bottom of debris flow

Full view of upstream of debris flow

Full view of downstream of debris flow

Crossing point of road and stream from upstream of debris flow

YV V. V V VYV V V V V V V

Crossing point of road and stream from downstream of debris flow
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Close veiw of detached rocks at start point
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Figure 2.2.8 Example of Photo Sheet for Rock Slope Failure/Slope Failure (Source: JET)
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Photo sheet

Date October/ 13/ 2014

Full view of the stream

Close view of the inlet

Clearance between road and the debris from start side

Full view of the valley side

Close view of the outlet

Clearance between road and the debris from end side

Figure 2.2.9 Example of Photo Sheet for Debris Flow (Source: JET)
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2.3

Slope Disaster Types

Slope disaster types are divided into four types such as Rock slope failure, Debris slope
failure, Landslide, Debris flow based on the existing reports and site reconnaissance in the
preliminary stage of the study. Their images are shown in the Figure 2.3.1.

Rock slope failure Debris slope failure Landslide Debris flow

Figure 2.3.1 Schematic Images of the Slope Disasters (Source: JET)

There are several literatures that define the term “Slope disaster” or “Landslide”. The term
“landslide” defined in United States Geological Survey (USGS) is almost interchangeably
with the term “slope disaster” in general. USGS defines “Landslide” referring to Cruden™,
and Varnes2. They are as follows:

A landslide (= a slope disaster) is defined as "the movement of a mass of rock, debris, or
earth down a slope™™. Landslides (= slope disasters) are a type of "mass wasting" which
denotes any down slope movement of soil and rock under the direct influence of gravity. The
term "landslide (= slope disaster)" encompasses events such as rock falls, topples, slides,
spreads, and flows, such as debris flows commonly referred to as mudflows or mudslides™.
Landslides (= slope disasters) can be initiated by rainfall, earthquakes, volcanic activity,
changes in groundwater, disturbance and change of a slope by man-made construction
activities, or any combination of these factors.

The classification by Varnes™ through USGS is widely applied worldwide. Figure 2.3.2
describes the updated classification.
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Figure 2.3.2 Classification of Types of Slope Disasters (Source: Modified after VarnesiZ)

The following figure indicates the relationship between the definition in USGS and the
classified phenomenon defined in this report.
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Figure 2.3.3 Relationship between the Definition in USGS and the Phenomenon in this Report
(Source: same as Figure 2.3.2)

A rock slope failure, a debris slope failure, a landslide and a debris flow of classified slope
disaster types are as described in the following sections.

2.3.1 Rock Slope Failure

A rock slope failure is equivalent to “Falls” and “Topples” of rock mass. Rock slope failure is
a phenomenon which foliated rocks and gravels start to fall down a slope due to enlarged
cracks in the bedrock or outcropped rocks.
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2.3.2

2.3.3

234

The rock slope failures is the phenomenon which the slope collapses rapidly due to decreased
resistance of the materials which constitutes the rock slope under the influence of rains,
earthquakes etc.

Debris Slope Failure

A debris slope failure is equivalent to “Falls” of debris and earth materials, and it includes
“Rockfalls” in some cases. Debris slope failures consist of failures of rock mass detached to
steep slope/cliff along surface with little or no shear displacement, which may be called the
“Surface failure”, and failures of a mass of debris covering weathered and/or fractured
bedrock. The debris flow has a quick move in a small-scale in comparison with landslides
and the inclination of the debris slope failure is a relatively higher than that of landslide.

The debris slope failure is the phenomenon in which the resistance of the material which
constitutes a slope becomes weaker and a slope collapses rapidly under the influence of rain,
an earthquake, etc.

Landslide

A landslide is equivalent to mainly “Slides”. A landslide occurs in the slopes where the soil
mass on one or more failure (slip) surfaces deep in the ground. The slipped land mass
gradually shifts downward, triggered by heavy rain or earthquake, river erosion, earthworks.
Landslides occur in areas with specific geological structure. The land mass moves forming
specific topography (landslide topography) in relatively large scale, the inclination of the
landslide slope is a relatively gentle in comparison with that of debris slope failure.

The landslide is the phenomenon which clods of the slope slide under the influence of
groundwater etc. and it moves downward slowly. Landslides often occur in specific
geological conditions in general.

Debris Flow

A debris flow is equivalent to “Flows” of debris and earth materials. A debris flow occurs in
the area where soils and boulders are liquefied by surface water or groundwater and tend to
flow downward rapidly through a mountain torrent. It usually has huge energy and
destructive force. Debris flows tend to occur in places where there are massive sediments of
unstable debris along the steep torrent in the catchment basin. A risk of debris flows is
relatively high in the catchment basin where slope failures often occur.

The debris flow is the phenomenon which earth and sand flows down with waters, together
with small to large boulders in general, along the mountain torrent, hillsides and rivers. The
debris flow is generally caused by heavy rains of severe rains as well as rains of a long
duration.
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Rock slope failure Debris slope failure

Landslide Debris flow

Figure 2.3.4 Photos of Road Slope Disasters in Bhutan (Source: JET)
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The feature of a phenomenon and

damage

slope decrease and slope
collapses rapidly.

[Disasters]
*Force is enormous, but
damage is less than
landslides, debris flows in
general.

*Occurrence depends on
topography and geology.

of slope decrease and slope
collapses rapidly.

[Disasters]

*Force is enormous in

disasters.

*Debris slope failures

commonly occur in
Bhutan.

slides under influence
of groundwater etc.

[Disasters]
*Damage is generally
large in size

*Secondary  damage
anticipated when lake
formed by landslides

®R09k slope ®Deb_r|s slope ®Landslide @Debris flow
failure failure
()
S
o
)
()]
©
=
[Movement] [Movement] [Movement] [Movement]
*Bearing force of the rock | *Bearing force of the layers | *The clod of slope | *The earth, sand and

gravels flows down with
waters at once in hillside
and river bed.

[Disasters]
*Movement of 20 to 40
km/h.

*Damage
downstream area
upstream in general.

is bigger in
than

*Damage encounter along
streams or flows

Notes on Site Inspections

*Gradient of slope is more
than 60 degree, height is
more than 15m in general

*Slope consists of hard &
compact rock (fresh or
slightly weathered) in
general

*Cracks is fresh without
fills in general

*Condition of rock forming
slope, strike & dip etc.
shall be described

*Gradient of slope is more
than 30 degree, height is
more than 5m in general

*Slope consists of
weathered rock in general

*Cracks is fresh without fills
in general

*Condition of rock forming
slope, weathered rock,
debris and/or combined
shall be described.

*Distribution of boulders
shall be described if any.

*Gradient of slope is
less than 30 degree

*Gradient of crown and
toe portion of land mass
shall be carefully
observed.

*Abnormalities of road
and appurtenant
structures shall be
checked.

*Condition of surface
water and groundwater
shall be observed.

*Distribution of sediments
shall be checked by map
and aero photo in
catchment.

* Location, size, damages
of structures shall be
checked along the
stream.

*Observation of road slopes shall be performed in classification of (DRock slope failure, @

Debris slope failure, QLandslide, @Debris flow.

*Length (width) of the road section for site inspection is determined by the observer based on

the result of screening.

*No performance of the site inspection is done considering site conditions when height of the
road slope is less than 5m.

Figure 2.3.5 Classification of Slope Disasters and Consideration of Slope Inspection
(Source: JET)
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2.4
24.1

24.2

Standard Countermeasures for Slope Disasters

General

Countermeasures for slope disasters are divided into structural measures and non-structural
measures. Basically, a structural measure shall be selected as a countermeasure for hazardous
slopes. In case it is difficult to apply structural measures for hazardous slope/road sections,
application of non-structural measures can be considered. Moreover, according to the site
conditions, a combination of both structural and non-structural measures may also be applied.

Slope Disaster

In-depth investigation

v
Study/Analysis

Is structural measure

feasible?

A 4 A4
(Structural Measure> (Non-structural Measure>

Figure 2.4.1 Flowchart to Consider the Countermeasure for Slope Disasters (Source: JET)

Structural Measure

There are many existing structural measures for road slope hazards. In the past, the standard
countermeasure work was defined based on structural measure works. The standard
countermeasures for road slope disasters mean a countermeasure which is available in
Bhutan, and is applied as the proposed countermeasure work at the slope inspection stage.
Even though countermeasure works have been proposed at the inspection stage, the
countermeasure works might be changed at the actual design stage according to the results of
further investigation and analysis. The selected countermeasure works at the inspection stage
imply they (selected countermeasures) are a factor of prioritization analysis for designing the
road maintenance plan.

The standard countermeasure works shall be defined in consideration of feasibility and
sustainability in Bhutan. As the first step to define the standard countermeasure works, a
questionnaire survey for the engineers of DoR was carried out to know the available works in
Bhutan.

a. Questionnaire Survey

The survey was carried out by using a questionnaire sheet for 23 engineers who attended the
1% technical seminar in the Project. The questionnaire sheet is attached in the Appendix of the
report. Since the target engineers were all from the Regional Offices of DoR, the survey
result can be considered to be free of bias with respect to local conditions.
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First of all, the JET introduced the common countermeasure works in Japan for each disaster
type including "landslide", "debris slope failure”, "rock slope failure", "debris flow" and
"rockfall”. After that the C/P evaluated the works to check whether it is available in Bhutan
or not. Additionally, it was requested that the engineers propose countermeasure work which
is available in Bhutan even though it is not mentioned on the list in the questionnaire. The
results of the survey are shown in the following figures. The Y-axis of each bar chart shows
the rate of engineers who evaluated that the countermeasure work is available in Bhutan.
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Figure 2.4.2 Result of the Questionnaire Survey for Available Countermeasure Works in
Bhutan (Source: JET)
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b. Discussion of Standard Countermeasures in Bhutan

As a result of the questionnaire survey and discussion with C/Ps, it has been proved that the
works which can be assumed as feasible countermeasures in Bhutan have the following
features:

» The work which requires particular materials and techniques is difficult to be carried out
by local contractors.

» The work which can apply the traditional/simple materials and techniques in Bhutan
such as masonry or gabion is available.

» The engineers consider that countermeasure works which are structures of reinforced
concrete are available in Bhutan.

» The works such as Rock Shed, which require huge construction costs and techniques, are
difficult to be carried out in Bhutan.

»  Simple soil works such as soil removal works or filling works are available.
»  Vegetation works are common and available.
»  The works which use rock or wooden materials are common measures in Bhutan.

» Almost all works will be available if they can get external support such as engineering
techniques and/or budget.

Evaluations on feasibility of the slope countermeasure works, based on the results of the
survey, are shown in Table 2.4.1.

Table 2.4.1 Evaluation for the Standard Countermeasure Works in Bhutan (Source: JET)

LANDSLIDE DEBRIS SLOPE FAILURE ROCK SLOPE FAILURE DEBRIS FLOW ROCKFALL
Gengral Measure Availability Gengral Measure Availability Gengral Measure Availability Gengra\ Measure Availability Gengra\ Measure Availability
in Japan in Japan in Japan in Japan in Japan
Surface Drainage A Surface Drainage A Ground anchor B Sabo Dam [} Protection wall B
(Concrete)
French Drain/ " " Protection wall
Open-Blind Ditch A Concrete Crib (o} Rock bolt (Nailing) B Check Dam A (Gabion/Masonry) A
T§ Horizontal Drainage| C Shotcrete B Wire rope net C French cascade B Removal rocks B
g
s Removal Soil A Vegetation A Removal rocks A Shed work C Rockfall net [}
o
. (Concrete Crib) (Concrete Crib) . Fixing work by
Counterweight Fill A Retaining wall A Retaining wall A Training work A concrete B
. . Buffer Forest
Drainage Well C Barrier wall A Barrier wall A (Planting Trees) A Shed work C
Drainage Tunnel C Ground anchor B Foot Preotection B Culvert / Bridge A
- Removing fallen Removing fallen
%‘ Piling work B debris A rocks A
=
€ Shaft work . . Depending on
£
B | Manual digging) B Wicker Fence A Route Shifting the plan Legend
@
o)
o« Ground anchor B Wooden log crib A A High experienced work in Bhutan
Stone pitching A B : Available with international technical support

C : Not available in Bhutan company

Note: The evaluaiton would be considered from technical capacity and budgetary points of view.

From the results above, it can be concluded that countermeasures, which are feasible in
Bhutan, might be difficult to apply for a hazardous slope which requires a huge deterrent
force against estimated disaster volume.
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However, there will be some cases that the works can be applied if they are constructed with
appropriate quality and alignment against the disaster conditions. Regarding the defined
countermeasure works as the standard countermeasure works, those advantages and features
have been explained to the C/Ps of DoR through the technical transfer seminar and
On-the-Job Trainings in this Project.

The features of the works are compiled as the Catalog (refer to the Appendix of the report).
Additionally, flowcharts to select countermeasure works in each disaster type have been
prepared. The catalog and the flowchart has been finalized through the discussions with C/Ps.

The features of the works which are evaluated by the survey as Rank-A, high experienced
work in Bhutan, are described, and the flowchart to select the work in each type of disaster is
shown below.

b.1 Landslide

Surface Drainage

Purpose: To collect surface water and to properly drain it out from landslide areas

Availability:  This is one of the simplest countermeasure works for landslides. This
method can be expected to avert infiltration of rainfall into the landslide
blocks. Generally, maintenance of the works is not difficult.

Limitation:  The drainages may require flexible functions to follow the movement of the
ground surface due to landslide activities. Otherwise the drainages are
damaged by the ground moving, and then the water penetrates into
landslides from the damaged points.

Feasibility: It is feasible in Bhutan; the contractors are able to carry out this work
excluding the use of special materials such as a corrugated steel pipe for the
ditch construction.

Open-Blind Ditch

Purpose: To collect and properly discharge the surface waters and shallow
groundwater in landslide areas

Availability: In case the groundwater levels are shallower in landslide areas, the works
are effective in draining the groundwater and surface water.

Limitation:  If the groundwater levels are deeper than 2m from the ground surface, the
blind ditch (conduit) parts do not function.

Feasibility: It is feasible in Bhutan; if the contractors are able to carry out this work
excluding the use of special materials such as corrugated steel pipes
required for the surface ditch parts.

Earth Removal

Purpose: To reduce the sliding force of landslides by removing the head part of
landslide blocks

Availability:  This is one of the simplest countermeasure works for landslides. The works
can be expected to have a direct effect on stability of landslides. This
method can be used as an emergency countermeasure works.

Limitation:  Depending on the shape of slip surfaces, the works may not contribute to
making stable conditions on the slopes

Feasibility: It is feasible in Bhutan; any local contractor can carry out the works
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Counterweight Fill

Purpose: To increase the resisting force against the sliding force of landslides.

Availability:  This is one of the simplest countermeasure works for landslides. The works
can be expected to have a direct effect on stability of landslides. This
method can be used as an emergency countermeasure works.

Limitation:  Depending on the locations of fills (embankments) on the slopes, the works
may not contribute to making stable conditions on the slopes.

Feasibility: It is feasible in Bhutan; any local contractor is able to carry out the works

Is it possible to change
road alignment to avoid
landslide impact?

Route Shifting

Is cause of
landslide a raising
up of groundwater?

Is the groundwater
level shallow or
deep?

Shallow

Horizontal Drainage
Deep i
> Drainage Well

Surface Drainage works,

Is cause of landslide
an alteration of land
by human activity?

Is there potential
of landslide around

the target area?

Earth removal work,
Counterweight Fill work

Is it possible to

prevent landslide
activity by structural
countermeasure?

Is there enough
space to work for
heavy machinery?

N » Ground Anchor

Changing of route (Tunnel / Bridge)

Shaft (Caisson) work ‘

> Non-structural Measure (Advanced
traffic control)

Figure 2.4.3 Flowchart to Select the Countermeasures for Landslide (Source: JET)

b.2 Debris Slope Failure

Surface Drainage

Purpose: To collect surface water and to properly drain it out of landslide areas

Availability:  This is one of the simplest countermeasure works for landslides. The work
can be expected to avert infiltration of rainfall into the slopes. Generally,
maintenance of the works is not difficult.

Limitation:  Nothing special

Feasibility: It is feasible in Bhutan; any local contractor is able to carry out the works.
This method is one of the common slope countermeasure works in Bhutan.

Re-vegetation

Purpose: To support stability of a slope surface.
Availability: Re-vegetation can be recommended to apply to all cut slopes if possible.
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Advantages of the works are as follows:
* Lower cost
- Easy to implement
- Good for the environment and landscapes

Limitation:  Good effects are not expected on loose conditions of slope surfaces. If the
work is adopted on loose surface slopes, wicker fences or crib works shall
be combined with the works to keep the plants on the slopes

Feasibility: It is feasible in Bhutan; any contractor can carry out the works. This
method is one of the common slope countermeasure works in Bhutan.

Wicker Fence

Purpose: To maintain stability of slope surfaces until plants grow from the
re-vegetation works

Availability:  This method can be adopted on loose surface slopes to keep the materials
of slope surfaces. The fences can be made by wood and wooden branches.
No machinery is required to implement this work.

Limitation:  This method is difficult to adopt on hard rock slopes.

Feasibility: It is feasible in Bhutan; any contractor can carry out the works.

Wooden Log Crib

Purpose: To keep stability of a slope surface until plants grow from the re-vegetation
work

Availability:  This method has almost the same function as a wicker fence. The main
materials for this work are wood and stone.

Limitation:  This method is difficult to adopt on hard rock slopes.

Feasibility: It is feasible in Bhutan; any contractor can carry out the works.

Stone Pitching

Purpose: To avert erosion of slope surfaces and to keep the stability of slope surfaces

Availability:  This method can have a good effect for slopes, especially sediments and
weathered rock slopes. This method is designed to avert erosion and
weathering on the surface of slopes. Required materials for these works are
boulder and concrete.

Limitation:  The stone pitching wall shall not be expected to function as support for
slope stability as the retaining wall does. The wall shall not be adopted on a
slope which has a lot of water seepage without any drainage work for the
water.

Feasibility: It is feasible in Bhutan; any contractor can carry out this work. This method
is one of the common slope countermeasure works in Bhutan.

Retaining Wall

Purpose: To support stability of slope surfaces and avoid erosion of slope surfaces

Availability:  This method can be adopted in case slopes cannot be secured with the
appropriate/standard angle due to the limitations of the site or topography.
This method can be applied to various slope conditions such as slopes with
earth pressure or failure-prone slopes from water seepage.

Limitation:  This method shall not be installed at the slopes where excavation is being
carried out for installation of the walls; it makes slope conditions unstable.

Feasibility: It is feasible in Bhutan; any contractor can carry out this work. This method
is one of the common slope countermeasure works in Bhutan, especially
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Gabion and Masonry walls
Barrier Wall

Purpose: To avert failed debris or fallen rocks from reaching the road

Availability: If the countermeasure works are difficult to apply on the slopes directly,
this method can be installed as a prevention measure.

Limitation:  Sufficient space to catch failed debris or rocks shall be required between
the slope and wall

Feasibility:  This method is one of the common slope countermeasure works in Bhutan,
especially Gabion and Masonry walls

START

*1 | Soft Rock: 1:0.25 (76°)
i Hard Soil: 1:0.5 (63°)
! Ordinary Soil: 1:1 (45°) !

Is it possible to
make gentle angle
according to the
standard or more?

Is the slope angle
sufficient against its *1
material?

Re-shape of the slope

Is the slope
more than
10m heiaht?

Is a deep
failure
expected?

Will the slope be
instable, if
weathering on the
slove is progressed?

with Benching

Is it possible to
retain the slope
by wall?

Is there a
Rockfall
hazard?
Is it possible
to do the re-
Vvegetation?

Is it possible to
retain the slope
by wall?

Re-vegetation

Wooden log crib

RC Concrete RCC Crib Wall
Y Crib Work Gabion Wall
Vegetation
Is spring N
water found?
N

Wooden log crib RRM Retaining
RCC Crib Wall Wall Y

Gabion Wall

4

RRM Retaining
Wall

No Measure is
required

Y Go to Flowchart
for Rockfall
Re-vegetation

Is it possible to
put vegetation?

Is there space
between road
and slope?

Protection wall Shotcrete

Figure 2.4.4 Flowchart to Select the Countermeasures for Debris Slope Failure
(Source: Public Works Research Institute in Japan 2004*4 @teration partiallyy

b.3 Rock Slope Failure

Rock Removal

Purpose: To remove problematic parts or unstable rocks on slopes

Availability:  This method has a direct effect on hazards of rock slope failures or
rockfalls. This method shall be the first option to consider for rock slope
failure measures.

Limitation:  The following slope conditions may not be good for implementation of this
method.
- Hard and massive rocks
- Steep / overhanging slopes

2-25



JICA KOKUSAI KOGYO CO., LTD.
The Project for Master Plan Study on Road Slope Management in Bhutan EARTH SYSTEM SCIENCE CO., LTD.
(Final Report) ORIENTAL CONSULTANTS GLOBAL CO., LTD.

OYO INTERNATIONAL CORPORATION

No access for the machinery for excavation
Feasibility:  The work is feasible in Bhutan depending on site conditions. Knowledge
and experience for the works on steep slopes are required.

Retaining Wall

Purpose: To support stability of slopes and avert erosion and weathering of slope
surfaces

Availability:  This method can be adopted if the slopes cannot be secured at an
appropriate/standard angle due to limitations of site or topography. This
method can be applied to various slope conditions such as failure-prone
slopes from water seepage.

Limitation:  This method shall not be installed at the slopes where excavation is being
carried out for installations of the walls; it makes the condition of the
slopes unstable.

Feasibility: It is feasible in Bhutan; any contractor can carry out this work. This method
is one of the common slope countermeasure works in Bhutan, especially
Gabion and Masonry walls.

Barrier Wall

Purpose: To avert fallen rocks from reaching the road

Availability: In case other countermeasure works are difficult to apply on the slopes
directly as with rock removal or protection rock net, this method can be
installed as a prevention measure.

Limitation:  Sufficient space to catch failed debris or rocks shall be required between
the slope and the wall.

Feasibility:  This method is one of the common slope countermeasure works in Bhutan,
especially Gabion and Masonry walls.

“1 | Hard Rock: 1:0.15 (83°) :
! Soft Rock: 1:0.25 (76°)

Rock Excavation
Rock removal work and
Regular Monitoring

Is it possible to re-
cut the slope to
make gentler angle?

Is the slope angle
sufficient against  *1
its material?

No measure is required,

Can unstable
parts of the slope
be identified?

Regular Monitoring
(if necessary)

Road Shifting

to mountain side or
valley side

Is it possible to shift the
road alignment to avoid
the slope section?

Can unstable
parts of the slope
be identified?

Is the part
Y distributed N

widely?

Is there possibility
of Rockfall
hazard?

Go to Flowchart
for Rockfall

Is it possible to
fix the rock at the
original position?

Is it possible to
remove the
unstable part?

No measure is required,
Regular Monitoring
(if necessary)

Is it possible to
avoid rock failure
hazard by
structure?

Is it possible to
treat the part
individually?

Rock Excavation
Rock removal work and
Vegetation (if possible)

RC Concrete Rock bolt
Crib Work (Nailing)
Boadisuitnalby Protection wall
i Protection Rock
e e FEEE e
Non-structural measure

Figure 2.4.5 Flowchart to Select the Countermeasure for Rock Slope Failure (Source: JET)
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b.4 Debris Flow

Generally, countermeasure work for debris flow is difficult to apply due to high costs, large
scale demands, and high environmental impacts. Therefore, regarding roads, debris flow
countermeasures shall apply culverts or preferentially change the route.

Culvert/Bridge

Purpose:
Availability:
Limitation:

Feasibility:

To make flowing debris pass under the road

The work can be adapted in various conditions of water streams.

Large size boulders or large amounts of debris surpassing the dimension of
water stream are expected to flow down.

The work is a common facility in Bhutan.

Check Dam (Small scale)

Purpose:
Availability:
Limitation:
Feasibility:

Buffer Forest

Purpose:
Availability:

Limitation:

Feasibility:

To break the speed of debris or water flow, and to catch some debris,
boulders or wood debris from trees flowing in the river.

This method can be applied on small tributary valleys or gullies as well.
This method can be adopted on various gradients of valleys.

The dam may not work properly on valleys where a lot of debris is
deposited.

It is feasible for Bhutan, especially if it is made by Gabion and Masonry
walls.

To reduce energy of debris flows

This method can be adopted on gentle ground.

Advantages of this method are as follows:

- Lower cost and easy to implement

- Good for the environment and landscape

This method cannot be adopted in the following cases:
Steep slopes
Rocky slopes

It is feasible for Bhutan.
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Road level is

higher/same as

river bed

Is it possible to shift

the road alignment? Minor shift of road alignment

Is it possible to deal
with the debris flow
by road structures
only?

Is it possible to deal
with the debris flow
by the structure on
the river?

Advanced traffic control (Non-
structural measure)

Sabo dam, Check dam,
Training work, Buffer forest

Road level is lower

Difference of than river bed

between

Bridge,
Culvert,
Barrier wall

road and river bed

Change the route
(Tunnel / Bridge)

Figure 2.4.6 Flowchart to Select the Countermeasure for Debris Flow
(Source: Public Works Research Institute in Japan 2004*4 M )

b.5 Rockfall

Rock Removal

Purpose:
Auvailability:

Limitation:

Feasibility:

Protection Wall

Purpose:
Availability:

Limitation:

Feasibility:

To remove unstable rocks on slopes
This method has a direct effect on the hazard of rockfalls. This method
shall be the first option to consider for rockfall measures.
The following slope conditions may not be good for the implementation of
this method:
- The place is too high to operate on.

No access for the machinery for excavation.
The work is feasible in Bhutan depending on site conditions. Knowledge
and experience for the work on steep slopes are required.

To avert fallen rocks from reaching the road

If the countermeasure works are difficult to apply on the slope directly as
with rock removal or protection rock net, this method can be installed as a
prevention measure.

Sufficient space to catch failed (falling) debris or rocks shall be required
between the slopes and the walls.

This method is one of the common slope countermeasure works in Bhutan,
especially Gabion and Masonry walls.
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243

Prevention Work

Is it possible to
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Is it possible to
excavate the slope
including
unstable rocks?

Is it effective to
apply prevention
work for erosion
and weathering?

START

Is it possible to
approach the original
position of unstable

Protection Work

>¢2
¢ 2m Size of expected
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Rock removal }—

Fixed work by concrete

Jumping
Height of
fallen rock

Jumping
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fallen rock

Soil / rock Excavation

Rock catch net

Protection wall
(RRM / Gabion)

| Rock shed | | RCC Barrier wall

Shotcrete I

Change the route
(Tunnel / Bridge)

Is it to solve the
problem by above
works?

Figure 2.4.7 Flowchart to Select the Countermeasure for Rockfall
(Source: Public Works Research Institute in Japan 2004*4 ateration partally

Countermeasures for rockfalls can be divided into prevention works and protection works.
Prevention works are applied to treat an original position of unstable rock. Protection works
are applied to mitigate damage by falling rocks.

In the slope inspections and the regular checks, proposed countermeasure works for
hazardous slopes have been selected using the standard countermeasure catalog and flowchart
to select countermeasure works for each disaster.

Non-Structural Measure

The non-structural measure is applied in case it is difficult to apply structural measures, such
as in the following conditions:

>
>

The cost that a proposed structural countermeasure work requires is too high.

A proposed structural countermeasure work requires too much volume and time for
construction.

Cost-effectiveness of a proposed structural countermeasure work is extremely low.

The road safety may not be secured from estimated disaster on a target hazardous slope
by the standard countermeasure works.

Features of some non-structural measures for road slope disaster are mentioned below.
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a. Early Warning System (Traffic Control System)

The purpose of the system is not to stop or control disaster, but to mitigate/prevent damage of
road users from disasters. The system is managed by monitoring instruments installed at
hazardous slope/road section(s). When a sign of disaster is detected, the road authority issues
a warning to compel road users or neighbors to evacuate before a disaster occurs, and it (road
authority) controls the traffic of hazardous slope/road section(s).

For applying the system, the threshold to control traffic shall be determined. The threshold
shall be determined in consideration of the particular condition of the target site. Therefore,
the threshold shall be different in each site.

As a case example, the early warning system for roads in Japan is mentioned below.

The advance traffic control system is one of the early warning systems for roads in Japan.
The concept of the advance traffic control is to secure the safety of road users by temporary
road closure in advance of the occurrence of serious slope disasters. Therefore, there may be
cases when roads are closed by the advance traffic control system even though no slope
disaster occurred. The traffic control shall be applied for specific road sections which are
evaluated as high potential of serious slope disasters. Serious slope disaster entails roads will
be completely damaged or disaster involving loss of life. The target road section shall be
selected based on the past experience of disasters or result of the regular slope inspection.
The criteria (threshold) of the traffic control to close/ open the road shall be based on
precipitation. In other words, the criteria of the traffic control shall be decided according to
the history of rainfall condition on/near the target road section.

The schematic flow of the advance traffic control system is shown in Figure 2.4.8 below.
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Figure 2.4.8 Schematic Flowchart of the Advance Traffic Control in Japan (Source: JET)

In case of the advance traffic control system, precipitation is applied as a threshold of the
system. However, other monitoring devices can be applied as a threshold to traffic control or
evacuation of people in the hazard area. The monitoring device for threshold shall be selected
carefully in consideration of estimated type of disaster, mechanism of failure and trend of
disaster based on past experiences.

b. Road Alignment Changing/Shifting

In case it is technically or economically difficult to deal with hazardous road section(s) by
structural countermeasure work, road alignment changing/shifting can be one of the measures
to avoid the disaster. If the target road section is not a long stretch, minor road shifting can be
applied to shift road alignment to the opposite side of hazardous slope (refer to Figure 2.4.9).

Hazardous Mountain side Mountain side
slope

t—t—t
LA S —
A &

Valley side Crack and subsidence ~ Valley side
Filling to expand road width and shifting Excavation to expand road width and
road alignment shifting road alignment

Figure 2.4.9 Schematic Drawings of Examples of Minor Shifting of Road Alignment
(Source: JET)
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In case the hazardous road section is a
long stretch, it can be skipped by tunnel or
bridge.

Site conditions, especially topography, are
one of the essential factors of planning a
tunnel or bridge. Additionally, not only
natural conditions, but social and
environmental impacts by the tunnel or
bridge construction shall be considered at

the planning stage.
Figure 2.4.10 Case Example of Road

Alignment Change due to Slope Disaster in
Japan (Source: JET, base map is Google Earth)

c. Sign Board to Warn Road Users of a Hazard

It is a fundamental measure for road disaster. It can be applied with a structural or other
non-structural measure.

Figure 2.4.11 Photo of Sign Board to Notify a  Figure 2.4.12 Photo of the Sign on Road to
Landslide Zone (Source: JET) Notify Corrugated Road Surface on Ahead
(Source: JET)
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2.5 Manual of Topographic Analysis

In this Project, inspections of the slopes are carried out based on the information such as
topography and disaster history, and to create the regular check sheet on the study area.
Regarding topographic information, satellite elevation data (PRISM-DSM: Panchromatic
Remote-sensing Instrument for Stereo Mapping - Digital Surface Model, 10 m resolution)
which have been provided from the Science and Technology Research Partnership for
Sustainable Developments (SATREPS) project for “Glacier Lake Outburst Floods (GLOFs)
in the Bhutan Himalayas (2008-2010)" has been used for the surveys and the slope
inspection sheet because the existing topographic information in Bhutan was only a
topographic map (scale of 50,000).

Furthermore, DoR does not have a recent road map based on its own data such as road
alignment, result of measurement surveys, and open data sources from each relevant
organization (such as satellite images, settlements, health centers and river catchments). DoR
and the regional office do not have a road base map for reference of construction and
planning. Generally, development of this kind of map is used in GIS software. However,
under the current conditions, DoR does not have members who have an experience of using
GIS software and map-designing. Therefore, DoR should be required to improve the
minimum amount of skills for topographical data processing and analysis in order to
implement surveys, continuously update the slope inspection sheet, and design
countermeasures.

The Project provides a manual for topographic analysis and map-designing by using GIS
software. As a result of the discussions with DoR, the format and contents of the user manual
are focused on the method of analysis and tools of the GIS software. Regarding the selection
of GIS software, DoR has been provided an official ArcGIS (ESRI) license from MoWHS,
however the quantity of licenses is limited. Hence the manual was prepared using QGIS,
which is a free and open source software, in order to promote data sharing and utilization by
relevant people. The table of contents of the manual is shown in Table 2.5.1, and technical
transfer has been carried out through the OJT.
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Table 2.5.1 Contents of Topographic Analysis Manual (Source: JET)

Chapter

Title

Description

1

Basic Knowledge of GIS

What is GIS?

What can we do with GIS?
What is QGIS?

Advantage of QGIS
Supported Data Formats
Data Format of QGIS
Coordination System
Technical Word of GIS

Setting of QGIS

Download
Installation
Initial Setting
Toolbar Setting
Basic Operation

Creation of Thematic Map

Working with Projections
Preparation of Background Map
Working with Vector Data
Working with Raster Data
Working with GPS Data

Layer Management

Editing Data

Joining of Attribute Table

Data Selection

Editing of Attribute Table
Measurement of Distance and Area
Feature ldentification

Print Composer

Print Composer
Add Map

Add Items

Print

Print Setting
Exporting to File

Exporting as Map Atlas
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Figure 2.5.1 Sample of the Topographic Analysis Manual (Source: JET)
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(Reference)

*1 Cruden D. M., A Simple Definition of a Landslide. Bulletin of the International
Association of Engineering Geology, No. 43, pp. 27-29, 1991

*2 Varnes D. J., Slope movement types and processes. In: Schuster R. L. & Krizek R. J. Ed.,
Landslides, Analysis and Control. Transportation Research Board Sp. Rep. No. 176, Nat.
Acad. oi Sciences, pp. 11-33, 1978

*3  Cruden D. M. and Varnes D. J., Landslide Types and Processes, in Turner, A. K., and
R.L. Schuster, Landslides: Investigation and Mitigation, Transportation Research Board
Special Report 247, National Research Council, Washington, D.C.: National Academy
Press, 1996

*4  Public Works Research Institute in Japan, Manual for Highway Earthworks in Japan,
2004
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3 Slope Inspection on Road

3.1 Data/information Collection
The slope inspection work on the roads in Bhutan is one of the main purposes of this Project.
A clear understanding of natural and social conditions in Bhutan is needed. The data of these
conditions are shown below.

3.1.1 General Introduction

Bhutan is situated between the Tibetan plateau to the north and the Indian plain to the south,
and is a small landlocked rocky country with a population of 733,004, and a geographic
area of approx. 40,000 km® The country is almost entirely mountainous dissected by an
intricate system of several rivers, rivulets, and streams with nearly 95 percent of the country
being above 600 meters altitude ? as shown in Table 3.1.1.

Table 3.1.1 Ratio of the Altitudes Classification in Bhutan .
(Source: Ministry of Agriculture™)

Altitude (m) | 0-600 600-1,200 | 1,200-1,800 | 1,800-2,400 | 2,400-3,000 | 3,000-3,600
Ratio (%) 5.3 9.8 12.6 13.4 14.3 13.2
Altitude (m) | 3,600-4,200 | 4,200-4,800 | 4,800-5,400 | 5,400-6,000 | 6,000-6,600 | > 6,600
Ratio (%) 10.9 9.9 6.8 2.7 0.9 0.2

Figure 3.1.1 Road Network and Altitude Information in Bhutan (Source: JET)

a. Land Use

Land use is characterized as shown in Table 3.1.2. Forests are the dominant land cover, and
occupy 72.5 % of the total land. A lot of people are living in the low land area in the south
part of Bhutan including Samtse, Chhuka, Sarpang, and Samdrup Jongkhar as shown in
Figure 3.1.2, and the population distribution is correlated with the altitude of the land.
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Table 3.1.2 Ratio of the Land Use Classification in Bhutan .
(Source: Ministry of Agriculture ?)

Item Forest |Agriculture| Pasture [HorticultureSettlement| Others* Total
Area(kmz) 29,045 3,088 1,564 58 31 6,289 40,075
Ratio (%) 72.5 7.7 3.9 0.1 0.1 15.7 100
*Note:  Others; Snow/Glaciers (2,989km?(7.5%)), Rock Outcrops (2,008km?(5.0%)), Water Spread (304 km? (0.8%)), Marshy

areas (35km2(0.1%)), Land slip/Erosion area (954km? (2.4%)) (referred to Appendix 6)

Figure 3.1.2 Population of Classification by 20 Areas (Dzongkhag)
(Source: National Statistics Bureau'")

b. Road Network

The major highway network in Bhutan consists of five (5) national highways as shown on
Figure 3.1.1. The national highway route 1 is transversally crossing the country in a direction
of east and west for approx.400km. The other National Highways Route 2, Route 3, Route 4,
and Route 5 are advancing southwards to the border with India.

c. National Protection Area

Natural environment in Bhutan is exceptionally rich and has stunning biodiversity at the
ecosystem. As shown in Figure 3.1.3, there are five (5) national parks (Jigme Dorji National
Park, Thrumseng la National Park, Jigme Singye Wangchuck National Park, and Royal
Manas National Park), few wildlife sanctuaries and biological corridors in Bhutan. And these
are specified as the important protected area, any development actions including construction
works in the national protected areas are strictly regulated for the protection of precious
natural resources as environmental and social consideration.

3-2



JICA

KOKUSAI KOGYO CO., LTD.

The Project for Master Plan Study on Road Slope Management in Bhutan EARTH SYSTEM SCIENCE CO., LTD.
(Final Report) ORIENTAL CONSULTANTS GLOBAL CO., LTD

OYO INTERNATIONAL CORPORATIOl\j

3.1.2

Figure 3.1.3 Map on Bhutan Protection Area and Biological Corridors of Bhutan
(Source: WWF Bhutan™®)

Topography

The geomorphic features in Bhutan are characterized by the abrupt rise of the topography
from the Indian flood plain to Himalayan Mountains.

70 million years ago, during the Cretaceous period, the Tethys Sea covered the area where
the Himalayas are found in the recent times. The Asian continent is to the north of the Tethys
Sea and the Indian Continent is to the south of this sea. During the Tertiary period, more than
10 million years ago, tectonic movements pressed the Indian Plateau against the Asian, and
the Himalayans range was erected. The way which the Himalayans were created explains the
topography and geology of Bhutan today. The V-shaped valleys and U-shaped glacial valleys,
which were formed by the erosion of rivers and streams, between the high mountain ranges
and the high altitudes in the north to the plains in the south (referred as Figure 3.1.3). Within
a short south-north distance of some 170km, the altitude declines from approximately 7500m
to only approximately 200m above sea level as described in Figure 3.1.1 and Figure 3.1.4

In addition, the height difference is extreme from the mountain ridges and the knick lines to
river valleys. The very steep slopes are reached from the rivers to the knick lines as described
in Figure 3.1.5.
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A
Mt.Ghankar Puensum
(7561m)

Figure 3.1.4 Topographic Map in Bhutan (Source: JET)

[ Trongsa Town ]

Figure 3.1.5 Sample Image of 3D-Topography around Trongsa Town (Source: JET)

Sing,

3.1.3 History Information of Slope Disaster

A questionnaire research to collect the past information of road slope disaster was
implemented, and road slope disaster information collected in region office was compiled as
shown in Table 3.1.3 and Figure 3.1.6. The number of the collecting disaster information is
only 45 slopes (referred to Appendix), and there is almost no practice to collect all of the road
slope disaster information in Bhutan. If there is new some additional information, it shall be
revised.
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Table 3.1.3 Number of Slope Disaster Historical Information Reported by Bhutan
Regional Offices (Source: JET and DoR)

Regional Office Number
Lingmethang office, Mongar 1
Sarpang office, Gelephu 7
Trongsa office 2
Phuentsholing office, Chhuka 7
Samdrup Jongkhar office 14
Tingtibi office, Zhemgang 5
Lobeysa office, Phunaka 9
Total 45

Figure 3.1.6 Procuring Archival History of Slope Disaster in Bhutan
(Source: JET and DoR)

3.1.4 Countermeasure Situation against Slope Disaster

In Bhutan, countermeasures such as mortar masonry and gabion retaining wall are being
covered in some vulnerable road slopes. However, the numbers of such countermeasures are
not so many. In majority, there are no countermeasure facilities against road slope failures.
Therefore, there is an exceptionally high incidence of rock falls and debris derived from the
road slopes.

The locations and types of countermeasure facilities have been inspected with the pocket
GPS by DoR regional engineers throughout Bhutan. The results for the countermeasures
situation are described on the inspection sheets of the slope inventory.
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Mortar Masonry Retaining Wall

Box Culvert

Gabion Wall

Stone Masonry Wall

Figure 3.1.7 Photos of Countermeasure Situation in Bhutan (Source: JET)
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3.2
3.2.1

3.2.2

Selection of Survey Sections

National Highways

Survey sections for this project have been selected considering many aspects such as natural,
social as well as economical influences in each stage of the screening. The country has steep
mountainous topography with significant geomorphological and geological constraints. The
population of the country lives mainly in rural areas, although people are moving toward
urban areas increasing the transportation of materials resources are and others, therefore the
importance of road transportation is increasing recently. National highways are most
important for the country and they are described as follows:

National Highway Route 1

This route is the most important east-west cross road in Bhutan, therefore it is called as the
primary national route (Thimphu - Wangdue Phodrang - Trongsa - Mongar - Trashigang).
Traffic volume of the section in the eastern part of Trongsa is less than that of the section
between Thimphu and Trongsa.

National Highway Route 2

This route is the main traffic route to India (Thimphu - Chukha - Phuentsholing) and is
named as Asian Highway 48. National Highway Route 2 will be reserved for upcoming
southern east-west highway, which is presently under construction in stretches.

National Highway Route 3

This route is the national highway leading to India (Trashigang - Samdrup Jongkhar). The
maintenance works have been delayed.

National Highway Route 4

Although it is the national highway leading to India, the construction of the road is
particularly delayed, and large-scale slope failures occurred frequently.

National Highway Route 5

This route is to India (Wangdue Phodrang - Damphu - Sarpang - Geylegphug). Construction
of the road is being carried out along with hydroelectric power projects along the road.

Survey Sections

Five sections of the National Highway Route 1, Route 4 and Route 5 are selected considering
the natural, social as well as economic influences and constraints in the preliminary stage of
the screening. The road sections of around 140 km in total length are proposed for the survey
sections in the preliminary stage and they are shown in Table 3.1.1 and Figure 3.2.1.
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Table 3.2.1 List of Survey Sections (Source: JET)
) Coordinate
Route Distance : )
Start point End point
. N 27° 29'58.34" | N 27° 32' 43.87"
Section | NHR .1 16.3km E 90° 04' 03.44" | E 90° 08' 59.59"
. N 27° 27' 15.48" | N 27° 27' 46.48"
Section I NHR.1&4 44 .2km E 90° 23' 22.59" | E 90° 30' 03.37"
. N 27° 16' 54.56" | N 27° 13' 35.10"
Section Il NHR .4 13.8km E 90° 37'1557" | E 90° 37" 28.70"
. N 27°04' 22.77" | N 26° 56' 06.05"
Section IV NHR 4 53.0km E 90° 38' 23.46" | E 90° 30' 34.27"
. N 27° 06'48.35" | N 27° 01' 37.09"
Section V NHR .5 13.7km E 90° 04' 18.77" | E 90° 04' 32.38"
NHR: National Highway Route
” -

Figure 3.2.1 Location of Survey Sections (Source: JET)
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3.3 Screening
3.3.1 Desktop Screening

The screening for the slope inspections was conducted on the five (5) survey sections which
were selected on the Chapter 3.2 as discussed above.

The desktop screening as shown in was carried out by using the satellite image namely ALOS
(2.5m grid) which was provided in the Project by JST/JICA, and the high resolution satellite
images (refer to Table 3.3.1) which can be obtained in Japan.

After the study in the primary screening about the rough condition and scale of the selected
survey sections to refine the candidate sites for the slope inspections, the refined candidate
slopes are studied by using more detail data and information in the secondary screening.

7 Primary Screening ---------------7

i Rough Interpretation i Topographical map
1 . . |<_
! Collection and review of ! .
i existing data : Geological map
: ! Disaster record
7 Secondary Screening ----------- -
| ) ! Aerial photo
I Interpretation of slope |, —
: i disaster areas < ! etc.

After the results of the indoors study, the
candidate areas shall be extracted with
consideration of effect to the roads

|
Satellite image i
|

| Field Survey |

Figure 3.3.1 Workflow of Desktop Screening (Source: JET)
a. Primary Screening
The data and information for the Primary screening are as follows:
»  Topographical map 1/50,000 (Hard copy)
» ALOS satellite image (Ortho-photo by Department of Geology and Mine (DGM))
» Satellite image (Google Earth)
The following points for the primary screening are studied.

» The starting points and end points of the survey sections are the cross points of the roads
and valleys.

»  Condition of land usage

»  Presence of collapsed slopes
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»  Presence of topography of large scale of landslides
»  Condition of the slopes (plain lands or slope lands)
»  Contribution of river system

As a result of the primary screening, the selected survey sections were evaluated as the
sections are appropriate for the slope inspection because the sections pass through the
mountainous/hilly areas and even topographical features of large scale landslides were not
found.

The map of Section 1 which was prepared in the primary screening study is shown on Figure
3.3.2 below. The maps of other sections are attached on the Appendix of this report.

Figure 3.3.2 Map for the Primary Screening for the Survey Section 1  (Source: JET)

b. Secondary Screening

In the secondary screening, the survey sections were divided into slopes for the inspections,
and the divided slopes were classified as type of disasters. In the secondary screening the
disaster types were classified into "Landslides”, "Debris Slope Failures”, "Rock Slope
Failures” and "Debris Flows", and rockfalls shall be considered in the Debris Slope Failures
and Rock Slope Failures depending on the site situation.
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The screening used the method of topographical interpretation to identify the topographical
features of landslides or debris flows, and the method of interpretation of satellite images to
evaluate the type of slopes whether these are rock slopes or debris slopes.

According to the methods of screening for the slope inspections in Japan, the condition to
select the slopes for the inspections shall be as follows:

» 15m or more height of natural / cut slope
» 45 or more degrees of natural slope

However, the data for the secondary screening was not sufficiently accurate for the evaluation
based on the conditions mentioned above. Therefore, these conditions were not applied in the
secondary screening. The final decision regarding to the slopes for the inspections shall be
carried out by actual site checking.

The data and information for the secondary screening are as follows:
» Digital data of topography (40m contour map)
» High resolution satellite images (1.0m grid)

Specification of the high resolution satellite images for the secondary screening is shown on
Table 3.3.1 and Appendix.

Table 3.3.1 High Resolution Satellite Images Used for Secondary Screening (Source: JET)

Area Name of Satellite | Resolution Shooting Date
Section | (East part) IKONOS 2 1.0m 20/02/2014
Section | (West part) IKONOS 2 1.0m 03/03/2014
Section Il (Northwest part) IKONOS 2 1.0m 09/02/2007
Section Il (West part) QuickBird 2 1.0m 02/04/2014
Section Il (Middle part) Geoeye 1 1.0m 06/01/2010
Section Il (South part) QuickBird 2 1.0m 22/02/2007
Section Il (Middle-east part) QuickBird 2 1.0m 22/02/2007
Section Il (Part of Middle east part) | IKONOS 2 1.0m 25/03/2014
Section Il (East part) Geoeye 1 1.0m 11/01/2013
Section llI QuickBird 2 1.0m 22/02/2007
Section IV (North part) IKONOS 2 1.0m 11/03/2014
Section IV (Middle part) QuickBird 2 1.0m 22/02/2007
Section IV (Part of middle part) QuickBird 2 1.0m 17/11/2012
Section IV (South part) Geoeye 1 1.0m 30/01/2013
Section V (North-South part) Geoeye 1 1.0m 01/02/2014
Section V (End of South part) Geoeye 1 1.0m 04/03/2013

Notable topographical features or land surface conditions (hazard factors) which are
considered to relate with slope disasters shall be identified by interpretation using of the
materials mentioned above. Hazard factors of slope disaster show on Table 3.3.2.

The general hazard factors which can be considered to be related to effectiveness of road
traffic shall be selected and as the candidate of targeted areas for slope inspection.
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Table 3.3.2 Hazard Factors of Slope Disasters (Source: JET)

— cCategoy | tem | Content
Boundary of The boundary shall be unit of area for slope
Slope slope of water . :

inspection

catchment area
Rock outcrops, rock wall, steep slope with

Rock avalanche | more than 45 degrees, overhang with more
than 90 degrees

Rock fall Unstable rock
Knick line
Concave knick line

Notable Slope failure Collapse
T hical Water catchment area
ey e
eatures ang 'a Bare land/ poor vegetation area
surface conditions

Debris flow Gully

River and soil sediment
. Characteristic feature of landslide

Landslide :
Depression zone

Collapse Colluviums

P Talus deposit
Debris sediment | Alluvial fan

Road Facility

Road

Width of road

(if required) Embankment Embankment section and slope angle
Cut slope Length and height
Terrace If required to identify as plane of terrace
Others Lineament Fault or geological boundary
(if required) Area of If required to identified the area of
interpretation interpretation

The target slopes for inspections were selected based on the following policies.

» The target sections for the inspections are divided in consideration of both sides’
conditions (mountain side and valley side) of the slopes.

» The road sections were divided based on the estimated type of disasters.

The result of the Secondary screening was compiled on the topographical map of the 5
selected survey sections. Examples of the results are shown on Figure 3.3.3. All result maps
of the Secondary screening are attached in Appendix of the report.

Total numbers of the selected road sections for the inspection are shown on Table 3.3.3.
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Figure 3.3.3 A Part of the Secondary Screening Map (Source: JET)

Table 3.3.3 Number of Target Sections for the Inspection Selected in the Secondary Screening
(Source: JET)

Landslide | Debris Flow | Debris Slope Rock Slope Total
Failure Failure
Section | 11 23 39 4 77
Section Il 30 70 160 3 263
Section lll 2 10 44 0 56
Section IV 15 38 268 3 324
Section V 9 11 33 0 53
Type- total 67 152 544 10 773

The target sections for the inspections shall be finalized by the filed survey/reconnaissance
based on the results of the desktop screening.

3.3.2 Re-consideration of Survey Sections

In the course of the screening, various information was obtained for the Project including
classification of disaster types in each section. Selection of the survey sections for the site
inspection of road slopes have been carried out as the result of site inspections as well as
interviews from the DoR, JICA Bhutan and other agencies concerned.

Target areas of section I, Il and 111 were selected to perform site inspection considering the
following reasons.
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» Section | and section Il are located in the primary national highway which is the most
important road in the country.

»  One of the largest scale unstable slopes is located in the section I11.

» Section IV and section V are less important for transportation in comparison with
sections | — 111.

> Section IV and section V are located near the southern border where social constraints

appear to increase.

» Section I, 1l and I11 seem to be convenient for DoR staff to carry out site inspections and
join the site seminars due to reasonable distance from their offices.

Total number of the sites obtained among selected sections is 396 in the section | (77 slopes),
section 11 (263 slopes) and section 111 (56 slopes) as shown in Table 3.3.4 below (Referred to
Figure 3.3.4, Figure 3.3.5, Figure 3.3.6, and Figure 3.3.7). The site inspection of the road
slopes of the target areas have been carried out and supposed to be completed in the summer

of 2015.

Section

Table 3.3.4 Selection of Survey Sections (Source: JET)

Economic
Impact

Social
Impact

Location

Consideration of
Selection and Remarks

Selection

No. of
Target
Section

Excellent

Excellent

Good

- The section is in the Primary
National Highway

- Preferable location for
on-the-job training

- Consisting of various types of
slopes

Selected

77

Excellent

Excellent

Good

- The section is in the Primary
National Highway

- Preferable location for
on-the-job training

- Preferable section for road &
slope inventory

Selected

263

Good

Good

Good

- Large landslide in this section
and located near Trongsa, the
key town of primary National
Highway

- Preferable location for
on-the-job training

- Consisting of various types of]
slopes

Selected

56

Inferior

Inferior

Inferior

- Section is selected in the
future stage considering less
priority in comparison with
Section I-lll

Inferior

Inferior

Inferior

- Section is selected in the
future stage considering less
priority in comparison with

Section I-lll
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Figure 3.3.6 Location of Target Site on Section 3 (map scale: 1:100,000) (Source: JET)
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Section 1

Start Point N 27° 29' 58.34"
E 90° 04' 03.44"

End Point N 27° 32'43.87"

E 90° 08' 59.59"

Section 2

Start Point* N 27° 27' 15.48"

E 90° 23' 22.59"

E 90° 30' 03.37"

N 27° 27' 46.48"

Section 3

Start Point N 27° 16' 54.56"

E 90° 37' 15.57"

N 27°13' 35.10"
E 90° 37' 28.70"

Figure 3.3.7 Image of Each Start Point and End Point in the Target Sections (Source: JET)

* Note: The coordination start point of section 2 is not on the road, but it is situated on slope near to the valley-side as shown in the photo.
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3.4 Determination of Survey Sections (Field Screening)

Prior to the site survey, the results of topographic interpretation were reflected on the
accurate 1:10,000 topographic map that covered all area from section 1 through section 3.

The conceptual process of determination of survey sections are shown in Figure 3.4.1 below.
In the combining of 1 and 2 steps in Figure 3.4.1, the following regards were taken as the
priorities.

Figure 3.4.1 Work Flow of Selection of Slope to Be Surveyed (Source: JET)

» Determining the survey scope (Top and back of the slope, appropriate segment of
length).

»  Performing the calibration to share the knowledge of determining the disaster mode.
» Forming the teams so that the allocated DoR staff can obtain the on-the-job training.

The disaster mode (debris flow, landslide and rock/debris slope failure) were exemplified in
the calibration step on site. The topographical features were indicated as the important points
when the regular check sheet was filled in. Each topographical feature was described in detail
accordingly below part. In the determining step 1), Landform Interpretation was reflected into
the high resolution topographic map (1:10,000) and reexamined by its morphology or shape
of landform so that the interpretation became consistent with the shape of counter in the high
resolution topographic map. Especially in case of landslide, the position of the top and toe of
landslide (interpretation) should be become consistent with the gradient formed by counter o