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Chapter 1.0utline of the Survey

1.1. Outline and Background of the Survey

In Nepal, road transport accounts for about 90%emisportation. However, nearly 80% of the coustry’
terrain is mountainous, leading to delayed roadeligpment due to challenging topographical and
geological conditions. Roads in mountainous aradsowt appropriate slope engineering measures and
drainage facilities are frequently blocked durihg tainy season because of slides, collapses alts;kf
shoulder collapses, mudslides, and other landslilesording to the Highway Condition Reporting
System (HCRS) of the Department of Road (DOR) utkderMinistry of Physical Infrastructure and
Transport (MOPIT), road closures occurred at 28dssn 27 of 80 national highways (NHs) in 2022
common era: CE (unless otherwise specified, the w#hbe shown in the common era, and the CE
will be omitted.), with a total road closure timie8g507 hours. The current situation is that rdadures

due to landslides are mainly handled only as anrgemey response (post-response), such as soil
removal, and this has caused an increase in roadrels.

In the 15th National Plan, the government of Nepmed set the goal of the road sector to achieve
economic development through socio-economic anigtiogl development by expanding the national
road network, which requires the construction aflgezards-resistant roads.

1.2. Purpose of the Survey

The purpose of this project is to identify areagwigh-risk road landslides and to clarify theediton
of future Yen loan project formulation by surveyitg general situation of landslides, DOR's laiigsli
management system, the status and issues of mgaalaintrol, and trends of international organtredi
and other donors’ involvement in the constructibNBls in the central and southern parts of Nepal.

1.3. Target Areas and Highways for this Survey

The target area is the NHs within Koshi, MadhesigrBati, and Gandaki provinces in the central and
southern parts of Nepal. The main roads in thigesuare the 80 NHs (NHO01-80) managed by DOR.

After consultation with JICA and DOR, the target f\shown inTable 1-1were finalized on June 21,
2023.

Table 1-1 Target NHs

Classification Original Plan | Finalized plan
Same as the Mechi Highway (NHO02, Length 352km)
Original Plan Mid Hill Highway (NHO3, Length 1,155km)

Koshi Highway (NH08, Length 320km)
Siddhartha Highway (NH47, Length 184km)
Araniko Highway (NH34, Length 112km)
Added - Dumre-Beshisahar Chame (Except plains of

Dumre sid) (NH25, Length 96kn)

- Kanti Highway (NH37, Length 169km)

- Narayanghat-Mugling (Except plains of

Narayanghat si¢) (NH44, Length 26kn)

Excluded East-West Highway -

(NHO1, Length 495k
Prithvi Highway -

(NH17, Length 173kr)

Excluded Some| Tribhuvan Highway Tribhuvan Highway (Except Kathmandu-
Section (NH41, Length 155kr) Naubisi) (NH41, Length 136kr)
Total Atotal of 2,946 km section of the | Atotal of 2,550 km section of the above nipe
aboveeight NHs NHs

Note: All NHs target only sections within Koshi, lfzesh, Bagmati, and Gandaki Province
Source: JICA Survey Team
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[NHs Added to the Target of the Survey]
1) Dumre - Beshisahar - Chame (NH25)

Although traffic volume is low, this road was addedhe target of the survey because the number of
road closures and the duration of closures aréfsignt. DOR has positioned the road as very imgoart
in terms of tourism revenue.

2) Kanti Highway (NH37)

Although traffic volume is low, this road was addedhe target of the survey because it was fohat t
the project office of DOR for “the North-South afichde Highway Improvement Project Directorate,”
which monitoring and mainly managing widening aatabilitation projects. The strengthening of the
north-south road network is actively working toued the risk of landslides. It is closer to Kathahan
than other highways. Therefore, it will likely beomoted as a pilot project in the future technical
cooperation framework.

3) Narayanghat - Mugling (NH44)

This road was included in the survey because diigfs traffic volume and significance from a logist
perspective.

[NHs Excluded from the Target of the Survey]
1) East-West Highway (NHO1)

The Asian Development Bank (ADB) and World Bank (WBave already been involved in
reconstructing some parts of this highway. Theeyidoes not include it because it runs througlaipl
area, and no slope collapses were identified.

2) Prithvi Highway (NH17)

ADB and WB are supporting the widening of the raaut] slope control measures will be implemented,;
therefore, this NH is not included in the survey.

3) Tribhuvan Highway (NH41) (Kathmandu-Naubise)

WB is supporting the widening of the road, and slopntrol measures will be implemented; therefore,
this NH is not included in the survey.
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Chapter 2.Current Situation on Disasters in Nepal

2.1. General Information
2.1.1.Topography

The area of Nepal is 147,181 square km, approxignhtdf the size of Japan. The elevation in Nepal
ranges from 60 m above sea level to the highesit pbi8,848 m, Mount Everest. Nepal's topography
consists of the west-northwest to east-southeasited landform sequence, as showmable 2-1and
Figure 2-1 From the north, it can be broadly divided inte thigher Himalaya, Trans Himalaya/Fore
Himalaya, Midlands, Mahabharat Range, Siwalik Ramge Valleys, and Terai Plain.

Table 2-1 Topographical Zones of Nepal

Landscape
(Ranjan Kunar Dahal, 2017) Topographic Feature
North — South
Trans Himalaya Valley area surrounded by Higher #layas.
Mountainous area with elevation of more than 6,008bove sea leve|,
Higher Himalaya where glacial erosion has formed long slopes witposed rock
surfaces.

Mountainous area that forms the front edge of theatayas, with long

Fore Himalaya
slopes.

Mountainous area between the Himalayan frontierthedMahabharat

Midlands Range where mountain basins such as the KathmamduPakhara
basins are interspersed. Gentle slopes formedrbg-kcale landslides
and terraces of dammed lakes caused by landslidetisdributed.

Mountain range has an elevation of 3,000 m abovieseh Steep, long

Mahabharat Range Steep, long slopes have developadsome parts, gentle slopes have
been formed by large-scale landslides.

Mountainous area with elevations ranging from 200699m, with

Siwalik Range S
unstable steep slopes forming in some parts.
Basin is located in the Siwalik Mountains belt atedevation of about
Dun Valleys
200 m above sea level.
S Plains range from 70 to 200m above sea level andpyc13% of the
Terai Plains

country's land area.

Source: Edited by JICA Survey Team based on "Shidebegawa (Kagawa University) and Ranjan Kunar D@hidhuvan
University) 2017 11th Asian Regional Conference ef lttternational Association of Applied GeologiséR(C-11) Applied
Geology of Nepal".
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Source: Ranjan Kumar Dahal, 2017

Figure 2-1 Topographical Zones of Nepal
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2.1.2. Geology

Nepal's geological formations and major fault systeare presented ifables 2-2, Figure 2-2, and
Figure 2-3.

The formation of Nepal's geological features iscdbsd as follows in the paper "Applied Geology of
Nepal" by Dr. Shuichi Hasegawa (Kagawa Universiyd Dr. Ranjan Kumar Dahal (Tribhuvan
University), presented at the 11th Asian Regionahf€rence of the International Association for
Engineering Geology and the Environment (ARC-112047.

v" The Indian subcontinent (present-day Indian Petafjisvas formed when the southern
hemisphere continent of Gondwana broke up, movetthward, and collided with
Eurasia about 55 million years ago. At that tinhe, Indian subcontinent was submerged
under the Eurasian continent.

v" About 30 million years ago, subduction moved toghesent-day Main Central Thrust
(MCT); 25 to 15 million years ago, the subductingibn subcontinent surged as the
Himalayan Mountain body concurrently with the peagbn of the dominant white
granite intrusive zone.

v" As an activity of the South Tibetan Detachment &ys(STDS) 2200-1900 years ago,
the strata deposited in the Tethys Sea betweelndien subcontinent and the Eurasian
continent slipped to the north.

v' After about 15 million years, subduction movedhe Main Boundary Thrust (MBT) and
uplifted the Mahabharat Range.

v" The currently subducting geo table earthquake fadgtmoved to the Himalayan Frontal
Impulse Fault (Main Frontal Thrust: MFT), upliftinge Siwalik Hills.

The geology of Nepal is characterized by a weditliscontinuities such as folds, faults, and fraesu
in the strata because of this zone activity.
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Table 2-2 Geological Zone and Major Faults of Nepal

Geological Structure and
Features

Geological Zone

Major Faults

Unconsolidated sediments deposited
in the Kathmandu Basin and large
rivers

Recent Deposit

Thick unconsolidated Quaternary

Himalayan Main Frontal Thrust (MFT): Forms the
boundary between the Siwalik and Terai belts from an
active fault zone and is linked to the terrible earthquake
fault. As shown in Figure 2-3, the seismic sources of
the 2015 Gorkha earthquake were distributed along
MFT. MFT is the most active fault at present.

deposits
Terai Zone
Neogene sedimentary rocks
Siwalik Zone deposited on the Himalayan frontal
margin

Intrusive zone of superior white
granite

Tertiary
Leucogranite

Main Boundary Thrust (MBT): MBT is the boundary
between the Low Himalayan and Siwalik Belt, where
significantly active faulting activity is continuously
observed. The Low Himalayan belt forms cliffs on the
northern side of the Siwalik Mountains.

Paleozoic to Tertiary marine shale,

South Tibetan Detachment System (STDS): 2200-1900

Tibetan-Tethys sandstone, limestone, and other | years ago, the strata deposited in the Tethys Sea between

Himalayan Zone sedimentary rocks the Indian subcontinent and Eurasia slipped northward
along this fault line.

Metamorphic,  Paleozoic, and | Main Central Thrust (MCT): It is said that the collision

Lesser Himalayan

Mesozoic sedimentary rocks and | ofthe boundary plates between the Lesser Himalaya and

Zone Paleozoic granitoid the Higher Himalaya formed the Higher Himalaya
- through a low-angle thrust. MCT is an active fault that
Paleozoic Granit P;lart of the cpnstlltuent rolck body of has been identified only in western Nepal, and some
the Lower Himalayan Belt researchers believe that its activity has largely ceased
Higher Himalayan Cretaceous. sedlmentaq . and
metamorphic rocks deposited in the
Zone
Tethys Sea

Source: Edited by JICA Survey Team based on "Shidebegawa (Kagawa University) and Ranjan Kunar D@hidhuvan
University) 2017 11th Asian Regional Conference ef lttternational Association of Applied GeologiseRC-11) Applied
Geology in Nepal
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Figure 2-2 Geological Zones and Major Fault Systems in Nepal
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Source: Ranjan Kumar Dahal, 2017
Figure 2-3 Geological Zones in Nepal, Models of Maj Fault Systems, and Epicentral
Distribution of the 2015 Gorkha Earthquake and itsAftershocks.

2.1.3. Climate
(1) Summary of Climate

Nepal is between 26° 22' N and 30° 27' N latitutiee north-south width of the country ranges from
130 km to 260 km. Elevation varies from 60 m insbeathern plains to 8,848 m at the summit of Mount
Everest in the northeast. As a result, Nepal's aaranges from sub-tropical to year-round subzero
tundra within less than 200 km. Approximately 80%Nepal's rainfall occurs during the summer
monsoon, from June to September, associated watlm¢hanic-to-continental monsoon. Winter rains
are more common in the hilly western regions. Taed of high rainfall caused by the summer monsoon
between June and September is more prominent thesmatern Nepal near the Bay of Bengal and less
in northwestern Nepal.

(2) Climatic Zone

Nepal has a unigque geography, with pronounced gbeveariations, and thus has a diversity of cliesat
within a short north-south section, influenced tgvation, terrain, and monsoons. Nepal's climatic
zones are divided into five types: tundra, alpoegl temperate, warm temperate, and sub-tropisal, a
shown inFigure 2-4andTable 2-3
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Source: JICA Survey Team based on Atlas of Climatiees of Nepal
Figure 2-4 Climatic Zone of Nepal

Table 2-3 Features of the Climatic Zone of Nepal

Climatic Zone Classification Elevation Temperature Plant
Tundra Over 5,000 m | Below 0 °C throughout the year None
Albi 3,300-5,000 m| Below 0 °C in winter, 5-15°C in Alpine plants
pine summer
100-3,000 m Below 0 °C in winter, 15-20°C |irConiferous tree
Cool temperate
summer
900-2,100 m 0-18 °C in winter, 17-30°C |rDeciduous broad}
Warm temperate
summer leaved trees
. Under 900 m 6-25 °C in winter, 25-40°C |rEvergreen tree
Sub-tropical
summer

Source: JICA Survey Team Based on Atlas of Climatieegoof Nepal

(3) Weather Observatory

The competent authority for weather observatiorNepal is the Department of Hydrology and
Meteorology (DHM) of the Ministry of Energy, WatBesources, and Irrigation (MOEWRI).

There are approximately 120 weather observatanidepal, and their measurements include rainfall,
temperature, humidity, wind speed and directiom solar radiation. They are located at elevations
ranging from 72 m to 3,700 m above sea lelWigjure 2-5shows the distribution of weather stations.
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®  VWeather station
Source: JICA Survey Team Based on List by DHM
Figure 2-5 Weather Observatory in Nepal

(4) Rainfall

Approximately 280 rain gauge stations are showrigiure 2-6 (including 120 stations iRigure 2-5).
These stations include both meteorological obsEnvaioints and rainfall-only observation points.$#lo
rainfall-only observation points adopt a manuallmdtwhere the responsible personnel measure the
daily accumulated rainfall in containers.

g

Legend L8 e el K ;
Rainfall station

0 55 110 220 Kilometers
L 1 1 1 1 1 Il Il ]

Source: JICA Survey Team Based on List by DHM
Figure 2-6 Rain Gauge Stations in Nepal

Two atmospheric flows influence rainfall in Nepll.summer, heavy rains are generated by the moist
monsoon winds from the Bay of Bengal. The summensaoon is a phenomenon in which warm air at
the ground surface becomes an updraft due to mtsolar radiation during the summer. The ground
surface becomes a low-pressure area, and moissWowdin from the ocean side as surface winds. The
rainfall by the summer monsoon tends to be morenprent by the elevation on the windward side of
the mountain range extending from northwest-wesagi-southwest in north-central Nepal, while much
less in the leeward beyond the mountain range vildst wind mainly influences western Nepal during
winter, causing snowfall in the Himalayas.
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The average annual rainfall distribution map fro®@8@to 2017 is shown Rigure 2-7. The Annapurna
Mountains region has the highest and lowest amairghll stations. The highest annual rainfall j$4L
mm at Lumle (on the upwind side of the monsoorKaski District. The minimum annual rainfall is
280 mm at Jomsom (on the leeward side of the mansodustang District.
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Source: JICA Survey Team Based on Water and Energyn@sion Secretariat (WECS), Nepal
Figure 2-7 Distribution of Average Annual Rainfall in Nepal (1980-2017)

Rainfall characteristics were analyzed at fourssiteNepal: Kathmandu, the 1st most populous aity i
Nepal; Pokhara, the 2nd most populous; Bharatpar3td most populous (encompassing Narayanghat,
a commercial district within the city); and Simahafield, 15 km north of Birgunj, the 5th most
populated and largest distribution center in thentxy, on the border with India. Lalitpur, the fdur
most populous city, is omitted because it is adjate Kathmandu (the ranking of the city population
is based on Nepal 2021 census); Kathmandu and Rokha in the temperate zone, while Bharatpur
and Simara are in the subtropical zone.

Figure 2-8 shows the distribution of average monthly rainfall four sites have a common
characteristic: the summer monsoon winds from thg 8 Bengal cause a peak in rainfall in July.
Monthly rainfall does not exceed 50 mm from NovemioeMarch when the monsoon winds blow in
the opposite direction.
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Figure 2-8 Average Monthly Rainfall Distribution for the Three Largest Cities in Nepal and the
Largest Indian Border Logistics Hub (1980 - 2022)

Figure 2-9 shows the interannual variation of annual rairdall Sen’s slope, which indicates a trend
of temperature and rainfall. An upward trend isestded in Kathmandu and Bharatpur, whereas the

situation in Pokhara shows little change, and Sinias a weak downward trend.

Figure 2-10 shows the interannual variation of maximum dadliyfall and its Sen’s slopeKathmandu

and Pokhara in the temperate zone show an incgetreind over time, whereas Bharatpur and Simara
in the sub-tropical zone show a decreasing trexincrease in short-term heavy rains is also known
in sub-tropical regions, and it is thought thatipes of dry conditions and short-term heavy raires a

increasing together.

1 Sen's Slope is a method for estimating the slépetine series, and the slope is calculated asdian of the

slopes between all pairs of observed values.
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Figure 2-9 Trend of Annual Rainfall in the Three Largest Cities in Nepal and the Largest Indian

Source: JICA Survey Team Analyses Based on DHM Data
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Figure 2-10 Trend of Annual Maximum Daily Rainfall for the Three Largest Cities in Nepal and
the Largest Indian Border Logistics Hubs (1980-2022, 2001-2022 for Bharatpur only)
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2.1.4. Population

Population and population density by province & inTable 2-4 based on 2021 census data from
the Central Bureau of Statistics. Population angufation density by cities with populations of 2000
or more are shown. The location map of provincesdities is shown ifrigure 2-11

Table 2-4 Population and Population Density in eacRrovince, Nepal

Density
i Area Population (people per

Province Name (km?) km?)

1991 2001 2011 2021 2021

Koshi Province 25,90¢ 3,520,33! 4,201,79! 4,534,94. 4,972,02 192
Madhesh Provinc 9,66 3,605,27 4,604,71. 5,404,14! 6,126,28: 634
Bagmati Provinc 20,30( 3,505,09: 4,569,59 5,529,45. 6,084,04. 30C
Gandaki Provinc 21,85¢ 1,757,00! 2,044,14! 2,092,15: 2,479,74! 11z
Lumbini Provinci 19,70° 3,299,09: 4,180,22! 4,757,69. 5,124,22! 26C
Karnali Provinc 30,21 937,78: 1,359,61 1,623,60: 1,694,88 56

Sudurpashchim

Province 19,53¢ 1,679,30. 2,191,33i 2,552,51 2,711,27 13¢
Total | 147,18: | 18,303,88 | 23,151,42 | 26,494,50 | 29,192,48 19¢

Source: Edited by the JICA Survey Team Based on38&,12001, 2011, 2021 Census of the Central Bure&tatistics

Table 2-5 Population and Population Density of MajoCities, Nepal

s £ Git Area Population Population
(Mirr?iii Oalitile)gz) NH Province District (2021) Density (2021)
P (km?) (people) (people/kn?)
Kathmandu NH41 Bagmati
Metropolitan City NH37 Province Kathmandu 4945 862,400 17,439
Pokhara Metropolitan  NHO03 Gandaki .
City NH47 Province Kaski 464.24 513,504 1,106
Bharatpur Bagmati .
Metropolitan City*2 NH44 Province Chitwan 432.95 369,268 852
Lalitpur Metropolitan NH41 Bagmati .
City NH37 Province Lalitpur 36.12 294,098 8,142
Birgunj Metropolitan | 149 Madhesh Parsa 132.07| 272382, 2,062
City Province
Blratn_agar . NHO8 Koshi Province]| Morang 77.00 243,927 3,167
Metropolitan Cit
Dhangadhi Sub- — Sudurpashehim o 261.75 198,792 759
Metropolitan City Province
Ghorahi Sub- Lumbini
Metropolitan Cit _ Province Dang 522.21 200,530 384

*2 Narayanghat is the commercial district of BhpratMetropolitan City

Source: Edited by the JICA Survey Team based 020@B& census of the Central Bureau of Statistics

2 The municipalities are categorized into three gaties: Metropolitan municipality (500,000+ popigai), Sub-
metropolitan municipality (200,000+ population) arMdunicipality (10,000+ population). There are 6
Metropolitan Municipalities, 11 Sub-metropolitan Maipalities, and 276 MunicipalitiesThe demographic
category is not strictly applied. After Table 24he description of Metropolitan Municipalities arsdib-
Metropolitan Municipalities will be omitted.
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Figure 2-11 Location Map of Provinces and Major Cities in Nepal

The population density is the highest in Madheslvipice, which is in the southwestern region on the
Indian border and Terai plains. It is the smalt#ghe seven provinces, with 6.5% of the natioréaa
while its population accounts for 21% of the naggropulation. The largest city is Birgunj, theayaay
city to the Indian border, with a population of 2880, the fifth largest in the country.

The second most densely populated province is Bagwiaich includes Kathmandu, the largest city
located in the Kathmandu Valley, and the adjacetitpur, the fourth most populous, and Bharatpur,
the third most populated in the southwest of thgrBati province.

Bharatpur is known by the name of its commercialritit, Narayanghat. The main logistics from
Birgunj in Madhesh province and Sunauli in Lumipnovince along the Indian border passes through
NH 44: Narayanghat - Mugling Highway, which conrgettte capital Kathmandu, the second largest
city Pokhara, and other major cities. Chitwan Déstwhere Bharatpur is located, is a food suppdaa
and the main domestic supplier of chicken meatckvis also exported. Multinational companies in the
beverage industry are also based there.

In recent years, the population has increased pralinces, as shown ifable 2-4 Between 2011 and
2021, the population of Madhesh, Bagmati, and Genglavinces has increased by a factor of 1.13
(6.1 million / 5.4 million), 1.10 (6.1 million / 5. million), and 1.19 (2.5 million / 2.1 million),
respectively. According to the future populatiotimates shown ifTable 2-6, the population in the
districts with the major cities is expected to emse continuously after 2021.
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Table 2-6 Population in 2021 and Expected Future Railation by the Districts, Nepal

Census ; .
Census Nepal 2021 Nepal Estimated future population based on Census
Nepal 2011
2011
. fatri City District District District District District
city Eglzsgrzli'; Population/ (2011) (2016) (2021) (2026) (2031)
City Name District District
) : Population Estimated Estimated | Estimated | Estimated | Estimated
Pl gl o (%) Population Population | Population | Population | Population
Kathma
Kathmandu 862,400 ndu 2,041,587 42.2 1,744,240| 2,011,978 | 2,300,890 | 2,522,103 | 2,729,056
Pokhara 513,504 Kaski 600,051 85.6 492,098 543,767597,988 643,183 683,513
Bharatpur 369,268 Chitwan 719,859 51.3 579,984 644,219 711,629 766,462 865,11
Lalitpur 294,098 Lalitpur| 551,667 53.3 468,132 525,211 585,982 635,151 680,15
Birgunj 272,382 Parsa 654,471 41.6 601,017 663,559729,291 784,922 834,768
Biratnagar 243,927 Morang| 1,148,156 21.2 965,370 1,036,841 1,108,654 | 1,175,177 | 1,230,237
Dhangadhi 198,792 Kailali 904,666 22.0 775,709 870,771 972,32 1,050,982 1,122,577
Ghorahi 200,530 Dang 674,993 29.7 552,583 605,796 60,782 706,858 746,519

Note: District population projection (2021) is essited based on Census Nepal 2011; therefore, tineaést values do not
match the actual values from Census Nepal 2021

Source: Edited by JICA Survey Team based on 2011/Zxhsus and Statistical Yearbook 2021 of the CeBuedau of
Statistics

2.1.5. Economy and Industry
(1) Nepal's GDP

The trend of Nepal's nominal GDP from Nepali¥2012/13 to FY 2021/22 is shown fiigure 2-12
Nepal's nominal GDP has been increasing approxiynaté times from NRs. 1.949 ftrillion in FY
2012/13 to NRs. 4.852 trillion in FY 2021/22. Indittbn, the trend of Nepal’'s nominal GDP per capita
(Figure 2-13 shows an increase of about 1.7 times from USD8XHY 2012/13 to USD1,372 in FY
2021/22.

(Billion NRs.)
5,000 4,852

3,859 3889

4,000

3,000

1213 1314 14115 15116 1617 17/18 1819 19/20  2021R  21/22P

(Note) R is the adjusted value, P is the estimadae
(Source) MoF (2022), Economic Survey2021/22

Source: Embassy of Japan in Nepal, "lllustratioep& Economy 2023".
Figure 2-12 Nominal GDP Change Over the Years

3 Nepali FY is generally from July 16th to July 1%sththe following year.
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(USD)

1.400 1,372
1,300
1,200
1,100
1,000

900

800
700

12113 1314 1415 1516 16M7  17M18 1819 19/20  20/21R  21/22P
(Note) R is the adjusted value, P is the estimahake.

(Source) MoF (2022), Economic Survey2021/22

Source: Embassy of Japan in Nepal, "lllustratioap&l Economy 2023".
Figure 2-13 Nominal GDP per Capital

Figure 2-14shows the trend of Nepal's economic growth rait, avgrowth rate of 5.5% in FY2021/22,
following a growth rate of 3.8% in FY2020/21. In 2015/16, the growth rate is considered to have
been 0% due to the earthquake that occurred orl 2Byi2015. In FY 2019/20, the growth rate is
considered to have been -2.4% due to COVID-19.

10 8.6
7.4
8
5.7 o G5
o 3.8
3.5 .
_ 4 31
0
2.4
-2
4
5 WX o e A B O O & R
MWW W W W W
DN W e V@ o ,\9\’L ,»x\q’

Economic growth rate (%)
(Note) R is the adjusted value, P is the esumagege

(Source) MoF (2022), Economic Survey2021/22

Source: Edited by the survey team based on "IHtisin: Nepal Economy 2023," Embassy of Japan inaNep
Figure 2-14 Trend of Economic Growth Rate

(2) Industry

According to the Ministry of Finance (MOF), thettary sector was the main industry in Nepal in
FY2020/21, accounting for 61.41% of the total Grgatue Added (GVA)Table 2-7). In the tertiary
industry, wholesale and retail trade and repaimotor vehicles and motorcycles accounted for the
largest share, followed by the real estate indudthe primary and secondary sectors accounted for
25.49% and 13.10%, respectively. Comparing FY20R@ZFY 2012/13, GVA in the tertiary industry
has increased 2.37 times. For the primary and skecgrsectors, GVA increased 1.64 and 1.86 times,
respectively, and is expected to continue to grow.
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Table 2-7 GVA by Industry Sector
NRs in 10 million

Ratio Ratio
. e of of 'Annual
Industrial Classification 2012/13 2012/13 2020/21 2020/21 :gtt:ée(ix/i)e
(%) (%)
Agriculture, forestry, and fishing 55,794 31.39 91,192| 24.90 6.3
Mining and quarrying 1,057 0.59 2,153 0.59 9.3
Primary sector 56,851 | 31.98 | 93,345 | 25.49 6.4
Manufacturing 11,209 | 6.31 19,956| 5.45 7.5
Electricity, gas, steam, and air conditioning syppl 2,009 1.13 4,178 1.14 9.6
Water su_pply; sewerage, waste management a'i(,j103 0.62 2.062 056 81
regenerating activities
Construction 11,519 6.48 21,791 5.95 8.3
Secondary sector 25,840 | 1454 | 47,987 | 13.10 8.0
Wholesale and retail trade; repair of motor velsielad 27,427 | 15.43 | 58439 15.96 99
motorcycles
Transportation and storage 10,592 5.96 19,637 5.36 8.0
Accommodation and food service activities 3,418 619 5,878 1.60 6.8
Information and communication 4,033 2.27 8,117 222 91
Financial and insurance activities 8,116 4.57 25,67 7.01 155
Real estate activities 17,448 9.82 33,299| 9.09 8.4
Professional, scientific, and technical activities 1,626 0.91 3,710 1.01 10.9
Administrative and support service activities 840 .47 2,912 0.80 16.8
Publlg administration and defense; mandatory sc0|%l,263 465 28.768 7.85 16.9
security
Education 10,220 | 5.75 29,666 8.10 14.2
Human health and social work activities 2,128 1.20 6,528 1.78 15.0
Arts, entertainment, and recreation; Other seryice
activities; e_md Activities of household_s as empreya_ 868 0.49 2.293 0.63 129
undifferentiated goods and services produging
activities of households for own use
Tertiary sector 95,039 | 53.48 | 224,917| 61.41 114
Total GVA 177,730{ 100.00 | 366,249 100.00 9.5

Source: MOF, Economic Survey 2021/22
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(3) Manufacturing

Table 2-8shows the output value of the manufacturing sedtoe primary manufacturing sector is food
products (24.75%), followed by other non-metallinenal products (10.42%) and electricity, gas,stea
and air conditioning supply (8.82%).

Table 2-8 Value of Output by Manufacturing (FY201920)

NRs in 10 thousand

Percentage of
Division Value of Output Output
(%)

Other mining and quarrying 24,738,036 2.06
Food products 297,293,059 24.75
Beverages 56,679,453 472
Tobacco products 6,403,101 0.53
Textiles 27,365,570 2.28
Wearing apparel 22,075,494 1.84
Leather and related products 8,805,734 0.73
Wood and products of wood and
cork, except furniture; manufacture of articlestraw 34,838,316 2.90
and plaiting materia
Paper and paper products 10,993,473 0.92
Reproduction of recorded media 8,900,206 0.74
Coke and refined petroleum products 2,511,870 0.21
Chemicals and chemical products 55,284,859 4.60
Basic ph_armaceu'ucal products and pharmaceutical 15,077,169 126
preparation
Rubber and plastic products 42,739,643 3.56
Other non-metallic mineral products 125,186,095 10.42
Basic metals 101,315,981 8.43
Fabricated metal products, except machinery angeoant 86,784,650 7.23
Computer, electronic, and optical products 2,904,07 0.24
Electrical equipment 17,037,608 1.42
Machinery and equipment n. e. c. 1,671,106 0.14
Motor vehicles, trailers and semitrailers 317,662 0.03
Furniture 24,376,984 2.03
Other manufacturing 78,466,050 6.53
Repair and installation of machinery and equipment 2,348,630 0.20
Electricity, gas, steam, and air conditioning dupp 105,919,236 8.82
Water collection, treatment, and supply 19,564,585 1.63
Sewerage 80,412 0.01
\rlggs\t/eeﬁollectlon, treatment, and disposal actwjtieaterials 21,342,209 178
Remediation activities and other waste managensenices 110,070 0.01

Total 1,201,170,724 100.00

Source: Central Bureau of Statistics, National IngaisBurvey National Report 2019/2020
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(4) Tourism Industry
The annual number of tourist arrivals in 2022 iewth610,000, as shown in

Table 2-9 In 2018, the number of visitors entering Nepateseded 1 million, but in 2019-2020, the
number of tourists declined significantly due to\@D-19. The number of tourists in 2022 has been
recovering to about 610,000.

Table 2-10also shows the number of tourists by the purpogbeif visit in 2022. Including tourists
who came for mountain climbing, about 74% of theritsts came for sightseeing.

Table 2-9 Number of Tourists and Average Length oStay

Total By Air By Land
The
Annual average
vear Number growth Number P(?g/c)ent Number P(?g/c)ent length of
rate (%) . . stay
201z 797,61¢ -0.7] 584,84( 74.€ | 202,76! 25.2 12.6(
201¢ 790,11¢ -0.€] 585,98: 74.2 | 204,13 25.¢ 12.44
201¢ 538,97( -32 | 407,41 75.€[ 131,55 24.L 13.1¢
201¢ 753,00 4C| 572,56. 7€ | 180,43! 24 13.4C
2017 940,21¢ 25| 760,57 81| 179,64. 18 12.6(
201¢ 1,173,07. 25| 969,28 82.61| 203,78! 17.3i 12.4C
201¢ 1,197,19 2.08 [ 995,88 83.1¢| 201,30 16.81 12.7C
202( 230,08! -80.7| 183,13( 79.€ 46,95!¢ 20.2 15.1C
2021 150,96. -34.2| 150,62! 99.7 337 0.: 15.5(
2022 614,86¢ 307.3| 592,63: 96.4 22,23¢ 3.6 13.1
Source: Nepal Tourism Statistics 2022, MinistryCafiture Tourism and Civil Aviation
Table 2-10 Number of Tourists by Purpose of Visit4022)
Holiday Trekking & A
Pleasure | Mountaineering PTG e s
No. of tourist 397,82( 61,692 79,146 76,202 614,869
Percent (%) 64.7 10.0 12.9 12.4 100

Source: Nepal Tourism Statistics 2022, MinistryCafiture, Tourism and Civil Aviation

(5) Logistics

Nepal is a landlocked country with 80% of its laarda in mountainous regions and relies on roads for
much of the movement of people and goods. Neighbadiidia accounts for about 60% of Nepal's
imports and 80% of its exports. It relies on thékata port in India for much of its ocean freighmigorts.
Goods transported from the Kolkata port are reldaatadry ports along the border.

Dry ports (also called inland ports) are inlandrtiexals directly connected to seaports by road ibr ra
and serve as transshipment centers for land/oceigiht to inland destinations. The major logisticbs
in Nepal are the five dry port$Birgunj, Biratnagar, Bhairahawa, Kakarbhitta (Mg@chand Chobhar
(Kathmandu Inland Clearance Depot (ICD)) showtrigure 2-15.In particular, the share of export
and import amounts at Birguniji is large. Goods frBirgunj dry port are transported to Kathmandu

4 The Nepal Intermodal Transport Development Boaits ¢the dry port Inland Clearance Depot (ICD).
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through Narayanghat, and Mugling. This highwaynasential highway for overland trade with India.
On the other hand, as shown Ttigure 2-16, the overland highway from Birgunj to the capital
Kathmandu is shorter via NH41 Tribhuvan Highwayweéwer, since many sections have less than two
lanes, large vehicles such as buses and heavytdas cannot pass through NH41. The only route
available for large vehicles is via Narayanghat Bhajling. The distance between Narayanghat and
Mugling is about 300 km, and the time required oW 8 to 10 hours (Sourcérttps://cuts-
citee.org/pdf/field-diary-birgunj.pdlf

Five dry ports (Birgunj, Biratnagar, Bhairahawa kKebhitta, and Chobhar), as shown in Figure 2-15,
are in operation in Nepal. As a landlocked countigpal relies on the Indian port of Kolkata for mos
of its sea freight imports, and the above dry peetse as transshipment points for transportingesd
and imported goods.

Twelve overland NHs are bordering on India and elHs bordering on China. Of these, the major
overland highways, especially for trade, are showkigure 2-15. In the north (Chinese side), NH42

and NH34 are the primary land highways; in the Is@lridian side), NH47, NH41, and NHO8; and in
the east (Indian side), NHO1 is the major land Wwigi
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Figure 2-15 Site of Major NHs, Customs Offices, and Dry Ports for Trade
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Figure 2-16 Highway of Goods Transported from Birgunj Dry Port to Kathmandu
Values of exports and imports in Nepal in FY20204t1d FY2021/22 are shown ifable 2-11

Compared to FY2020/21, exports and imports of F212P2 increased by 41.7% and 24.7%,

respectively.

Table 2-11 Exports and Imports in FY2020/21 and FY2021/22

Unit: thousand NRs

2020/21 (12 months)

2021/22 (12 months)

Rate of change (%)

Exports Value

141,124,080

200,030,962

41.7

Imports Value

1,539,837,068

1,920,448,349

24.7

Source: Department of Customs, MOF

Table 2-12and Table 2-13show the major export and import partners. Indieoaats for the major
portions of both exports (77.6%) and imports (62.5%he U.S.A (9.0%) and Germany (2.1%) follow
India in exports. As for imports, China (13.8%) dndonesia (2.8%) come after India.

Table 2-12 Major Export Partners in FY2021/22

No. Country Name Export Value (thousand NRs) | Percentage (%)
1 India 155,222,304 77.6
2 USA 17,992,059 9.0
3 Germany 4,199,234 2.1
4 Turkey 3,741,701 1.9
5 United Kingdom 3,124,316 1.6

Source: Department of Customs, MOF

Table 2-13 Major Import Partners in FY2021/22

No. Country Name Export Value (thousand NRs) | Percentage (%)
1 India 1200,152,728 62.5
2 China 264,783,718 13.8
3 Indonesia 53,318,478 2.8
4 USA 50,050,518 2.6
5 United Arab Emirates 47,910,786 2.5

Source: Department of Customs, MOF

24



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

The import and export figures (FY2021/22) of Cussddifices in the five dry ports are shownTable
2-14andTable 2-15 Birgunj has the largest share of imports (36.78%g) exports (40.24%), making
it Nepal's most major dry port. Regarding expottigaBirgun;j is followed by Biratnagar (28.44%) and
Kakarbhitta (6.4%). Regarding import value, Birgusj followed by Bhairahawa (15.40%) and
Biratnagar (11.09%).

The main transportation highways of goods from ehghport except Birgunj to Kathmandu, based on
the results of interviews with former employees DR, are shown irFigure 2-17. From the
Kakarbhitta/Biratnagar Dry Port on the east sid€athmandu, goods are transported through NHO1,
Narayanghat, and Mugling. At the Bhairahawa Dryt R@st of Kathmandu, goods are transported from
NH47 to NHO1 on the same highway as above. The drabry Port is located within the Kathmandu
Valley, allowing importers to complete customs cdeae for their goods. This has the advantage that
importers do not have to go to the dry ports alivegborder. However, the Chobhar Dry Port accounts
for only a small percentage of total imports. Mokthe supplies to Kathmandu are transported from
the Birgunj Dry Port.

Regarding export logistics, Birgunj Dry Port is d$er goods from Katmandu, and goods to Biratnagar
Dry Port, which accounts for 32% of the export ealare collected from the eastern region.

Table 2-14 Imports by Dry Port (FY2021/22)

No. Dry Port Import Value (thousand NRs) | Percentage (%)
1 Birgunj 706,387,96" 36.7¢
2 Bhairahaw 295,671,05: 15.4(
3 Birathaga 212,967,75( 11.0¢
4 Kakarbhitta (Mech 60,559,26: 3.1t
5 Chobha 98,877 0.01

Source: Department of Customs, MOF

Table 2-15 Exports by Dry Port (FY2021/22)

No. Dry Port Export Value (thousand NRs) | Percentage (%)
1 Birgunj 80,491,50¢ 40.2¢
2 Biratnaga 56,880,99: 28.4¢
3 Kakarbhitt: (Mech)) 12,805,70¢ 6.4(
4 Bhairahaw 7,612,24¢ 3.81
5 Chobha 5,570 0.0cC
Source: Department of Customs, MOF
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Figure 2-17 Main Transportation Highways from Each Dry Port to Kathmandu
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The proportion of national and regional highwayshe total length of the transportation routes from
each dry port to Kathmandu is showrTatble 2-16 Except for Chobhar Dry Port, transportation from
each dry port to Kathmandu needs to go through NNBIL7, NH41, and NH44. In conclusion, these
NHs are important highways for the transportatibgands in Nepal.

Table 2-16 The Proportion of National and RegionaRoads to the Total Length of
Transportation Routes from Each Dry Port to Kathmandu

F02202 The total
Highways NHO1 | NHO5 | NHO8 | NH17 | NH41 | NH44 | NH46 | NH47 Total | length of the

X1
route

Kakarbhitta 100.0
Dry Port 77.1%| 0.0% | 0.0% | 13.5%| 3.5% | 5.9% | 0.0% | 0.0% | 0.0% %' 612 km
<Kathmandu

Biratnagar Dry 100.0
Port 69.2% | 0.0% | 5.4% | 15.0%| 3.9% | 6.5% | 0.0% | 0.0% | 0.0% %' 550 km
<Kathmandu

Birgunj Dry 100.0
Port 49.4% | 0.0% | 0.0% | 29.8% | 7.8% | 13.0%| 0.0% | 0.0% | 0.0% %' 277 km
<Kathmandu

Bhairahawa 1000
Dry Port 33.6% | 8.8% | 0.0% | 31.7%| 8.3% | 13.8%| 2.4% | 1.4% | 0.0% %' 260 km
<Kathmandu

Chobhar Dry 100.0
Port 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 100.0% %' 6 km
<Kathmandu

% 1: This road is shown in Figure 2-17 from the Chartidry Port to Kathmandu.

Source: JICA Survey Team

2.2. Disaster Management-Related Policies and Plans

2.2.1. Policies and Plans for General Disaster Management

In 1982, based upon the Natural Calamity (Relieft. Athe Government of Nepal designated the
Ministry of Home Affairs (MOHA) as the central calnating authority to organize disaster
management mechanisms under which the Natural teidaslief Committee at the central and regional
levels was set up. Since 2005, by the Hyogo Frame¥ar Action (HFA), the purpose of disaster
management shifted to focus on “disaster risk redlu¢DRR)” and raising “Disaster resilient Nepal”
as the conceptual vision. In 2009, the Nationat8gy for Disaster Risk Management (NSDRM) put
up “community development with recovering power’ca® of the important objectives.

The Government of Nepal has formulated and updexesting laws and policies in response to the
Sendai Framework for DRR 2015-2030. The followingliges, laws, and plans are currently
operational regarding disaster management.

* River and Water-Induced Disaster Management Nati®akcy December 2023
* The Disaster Risk Reduction and Management (DRR&)2817

e The National Policy for DRR 2018

* The DRR National Strategic Plan of Action 2018-2030

The DRRM Act 2017 was enacted by the governme0it7, replacing the Natural Calamity (Relief)
Act 1982 as an international commitment to the &eRdamework for DRR2015-2030, learning from
the experiences of the 2015 earthquake disaster.National DRRM Authority (NDRRMA) was
established as the central agency responsibledastér management according to the DRRM Act 2017.

The National Policy for DRR 2018 states that th@egoment will conduct and manage necessary
research, development, and implementation activitie all types of disasters in Nepal.

The DRR National Strategic Plan of Action 2018-2@8€s the periodic DRR goals targeting the short-
term (2020), mid-term (2025), and long-term (203®hievement of these goals is monitored by
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indexes such as the number of affected people embenic loss, and also the progress of the action
plan for the prioritized activities, namely undarsing disaster risk, governance in DRR, investment
in DRR, and preparedness against disaster.

Under the plan, NDRRMA is to coordinate and promtbie surveys, investigations, hazard mapping,
monitoring, and projects for DRR. NDRRMA is the acdimating agency for disaster management, and
its technical staff for DRR projects consists dfails assigned from other agencies. DRR projas
carried out by the ministries and departments afdéleral or provincial level and local governments
depending upon the disaster types.

2.2.2. Policies and Plans for Landslide Risk Reduction

In road landslide risk reduction, Department of vaResources, and Irrigation (DWRI) under the

Ministry of Energy, Water Resources, and IrrigatidmOEWRI) manages landslide that originates

outside the road right-of-way, more than 25 metssmy from the road. Water Induced Disaster
Management Policy 2015 was established by the foBeeartment of Water Resources and Irrigation
(DWIDM), which was transformed into the DWRI. Tipslicy has been applied to all river hazard

management and landslide management plans, ingliatidslide mitigation in Nepal, since FY2015/16.
GON approved the updated new police “River and Watkuced Disaster Management National Policy”
in December 2023.

The DRR National Strategic Action Plan 2018-203fudes a landslide DRRM plan.
DWRI annually formulates a limited number of landelmanagement projects in targeted districts.

The Watershed and Landslide Management, Sectitreddepartment of Forest and Soil Conservation
(DOFSC) of the Ministry of Forest and EnvironmemMIJFE), has developed the Program
Implementation Procedure 2021 and plans to condwitershed-based small-scale landslide risk
reduction, survey, and mapping work.

DOR plans road landslide engineering measures ianhual maintenance plan as specific/preventive
maintenance. In addition, road rehabilitation pro@ans often include landslide engineering messur
such as mountain side cutting work for road widgnirock fall engineering measures work, slope
stabilization work, and mountain stream debris flewgineering measures.

2.2.3. Budget Related to Landslide Engineering Measures

Based on public information from MOt{ps://www.mof.gov.np/site/publication-category)?&@nd
interviews with relevant agencies, the budgetsettily allocated to departments involved in landslid
engineering measures (DWRI and DOFSC) from FY 220 %hrough FY 2023/24 are as shown in
Table 2-17andTable 2-18 For FY2023/24, approximately NRs.23.1 billion atecated to DWRI,
and NRs.1.9 billion are allocated to DOFSC. DWRI &DFSC plan to conduct landslide surveys and
investigations, prepare landslide maps, perforrddhde risk management work, and research works
on landslides. The Landslide Management ProjeDMIRI and the Landslide Section of DOFSC carry
out the landslide risk management work. Accordmdnterviews with DWRI and DOFSC, however,
the landslide risk management budget is not akathtsed on the request by DWRI and DOFSC but
proposed by MOF in budgeting due process; accolditige budget amount needs to meet the actual
needs. Considering the budgeting system aboveglidedengineering measures are selected and
planned based on the request for budget and/oit cdsaneed survey from the local user groups such
as irrigation facility within the allocated budg@&his situation also means that the central goventm
cannot figure out the demands of engineering measira national level because of the lack of ladels
hazard maps covering the nation.

On the other hand, since NDRRMA is the central ageasponsible for coordinating organizations for
disaster management, it is important that it pemkoits functions by coordinating demands and budget
between local and national governments, and relatgenizations. NDRRMA intends to promote
coordination of this disaster management demandbadgdet. Still, it does not have a clear coordorati
function for the budgets of other disaster managemedated government agencies, and budget
allocation depends on MOF and each ministry amadiged out individually. Regarding the survey of
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demand for road landslide management on natiogamWays, NDRRMA is not currently cooperating
with DOR.

Table 2-17 Budgets Allocated to Relevant AgenciesrfLandslide Risk Management
(FY2019/20 - FY2023/24)

NRs in million

No Institutes, Division, Budget in Budget in Budget in Budget in Budget in
’ Section/Project FY2019/20 | FY2020/21 | FY2021/22 | FY 2022/23| FY 2023/24

1 DWRI 22,345.( 24,687.! 26,561.. 25,292.: 23,059.!

15 | Water-induced  Disastar ;o 9 9327.7| 109995 8683.1 4797.3
ManagemenDivision

1b 'F-;':,‘cr)‘j‘ii"de Management 443 g 295.5 287.8 215 150.3

2 DOFSC 2,585.¢ 1,807.¢ 1,557.¢ 1,687." 1,863.:

9a | Watershed and Landslide  ,,, 5 290.0 357.7 416.3 323.6
Management Division

2b | Landslide Section 1.3 9.6 16.2 17.0 3.5

Source: Created by JICA Survey Team based on puldichflable information from MOF and interviews witalevant
organizations.

Table 2-18 Implementation Status of Budget Allocatdto Relevant Agencies for Landslide
Management (FY2019/20 - FY2023/24)

No Institutes, Division, Status in Status in Status in Status in Status in

' Section/Project FY2019/20 | FY2020/21 | FY2021/22 | FY2022/23 | FY2023/24

1 DWRI 58% 76% 90% *90% Ongoing

1a | Water-Induced Disaster 72% 84% 93% *90% Ongoing
Management Divisic

1b '-a”ds"‘;e Management *90% *90% *90% *90% |  Ongoing

ectiot

2 DOFSC 43% 37% 45% *45% Ongoing

2a | Watershed and Landslide 79% *8206 86% *850% |  Ongoing
Management Divisic

2b Landslide Section *100% *100% *100% *100% Ongoing

Note: "*" means the average of the hearing redrdts each organization. Because MOF dose not releasibers.
Source: Created by JICA Survey Team based on puldichflable information from MOF and interviews witblevant
organizations.

According to DWRI officials, more than the budgeinieeded for water-induced disaster management,
mainly for flood control (river training works) ardndslide management. DWRI's jurisdiction covers
medium-sized (perennial) rivers and large-scaleldidies (200m x 100m) originating from the
Mahabharata and Siwalik mountains. Additionallyyi#&rs other than those mentioned above are under
the jurisdiction of DWRI. And 12785.58 ha of landshbeen reclaimed by constructing 1364.25 km of
river embankment works. The total DPR cost forig8rs is NRs. 186.15 billion. So, trends have been
in decline compared to the allocations budgetis gkctor for the last five years. There is higmded

and requirement, but allocations are only abou36@f the projected (demand) budget.

According to DOFSC, the annual approved budget meistcreased because the demand for landslide
treatment and other soil and water conservatiorsorea is very high. Although the budget execution
status of DOFSC's overall budget is low, the depant's budget mainly consists of the forest
conservation budget, which includes the landsligaagement budget and operating costs. According
to FY 2022/23, the approved budget was NRs. 418li®m while the demand was NRs. 1145.7 million.
This figure shows that the approved budget accouisteonly 36.33% of the demand.

The budget execution rate was low in FY2019/20R12020/21 because activities were restricted due
to COVID-19. Regarding landslide, the budget wifian rate of DOFSC is over 85%.
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In any institution, to increase the budget, whmsufficient to meet demand, it is considerecessary
to secure personnel and facilities.

2.3. Summary of Disaster Management

2.3.1. Organizational Structure of Major Organizations Involved in Disaster Management,
Budget Allocation/Execution, Project ImplementationStatus, etc.

The Prime Minister chairs the National Council ®RRM and is the highest authority where the
national-level policy and plan are establishedelilse, the Provincial Council for DRRM is formed,
which is chaired by the Chief Minister of the Prme at the provincial level, where the provincaldl
policy and plan are formulated in line with the idamn by the National Council for DRRM.

The Minister for the MOHA chairs the National DRREkecutive Committee, which consists of

representatives from relevant ministries and otggncies to carry out the policy and plan of the
National Council for DRRM. The Province Minister fimternal Affairs and Law chairs the Provincial

DRRM Executive Committee. The Chief District Offiaghairs the District DRRM Committee, and the

Municipality Mayor/ Rural Municipality Chairpersarairs the Local DRRM Committee.

NDRRMA under MOHA is mandated to coordinate andisass implementing DRRM in Nepal.
NDRRMA is responsible for implementing the centtalvel of inter-ministerial coordination,
conducting emergency response, relief and recoydapning recovery and reconstruction, and post-
disaster control for the sake of disaster risk rganzent in general.

The Minister of MOHA shall call National DRRM Exette Committee and confirm the scale of the
disaster and damage situation. In a severe disgstevinister decides on the necessity of intéona
humanitarian assistance. Once the necessity igmexam, the Government of Nepal (Cabinet) appeals
for international assistance.

MOHA shall carry out post-disaster rescue and frelperations in cooperation with the military, the
Ministry of Defense, the police, and other relateganizations such as the Nepal Red Cross Society
and NGOs. NDRRMA designates its Risk Reduction,p®medness, and Recovery Division and
National Emergency Operation Center and coordirtaBeemergency operation with relevant agencies.
Accordingly, the Province Minister calls the PraaénDRRM Executive Committee. Likewise, the
Chief District Officer calls the District DRRM Cornittee and conducts emergency operations. Province,
District, and Municipality follow the superior awftity’s instruction and fulfill the report and reegst
necessary support to them, respectively. In contilae superior level authority conducts its operat

in response to the report and request from itsrelifates, respectively.

NDRRMA is responsible for coordination of implemiegt pre-disaster preparedness measures,
including capacity building, prevention, mitigatiqgereparedness, and early warning systems.

The relevant agencies technically supporting tlaesgities are as follows.

Earthquake: - The National Earthquake Monitoring & Research Gemtrthe Department of
Mines and Geology (DMG), the Ministry of Industgpmmerce and Supply
(MOICS) conducts surveys and research for landsliéiter the 2015 Gorkha
earthquake, DMG conducted geological studies tesasthe vulnerability of
village areas and recommended relocation for elagvith a high risk of
earthquakes.

The DMG National Earthquake Monitoring & Researcbn@r conducts
surveys, research, and knowledge sharing. No spetifaster management
measures are being undertaken.

The Department of Urban Development and Buildings2action (DUDBC),
Ministry of Urban Development (MOUD) prepares birnlglcodes, guidelines,
and rules relating to seismic DRR measures. DUDB$erates urban
development projects and a building managementrirdtion system. These
projects and systems include seismic resistanoeegits.
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Flood:

Landslide:

The budget allocation, execution, and project inm@etation status of these institutions are shown in

DHM of MOEWRI conducts flood forecasting, early wang activities,
surveys, research, and knowledge sharing.

Water Resources Research and Development CenteRD&ERis located in
the former Disaster Prevention Technical CentefMObuilding, which used
to receive technical cooperation from JICA in coctihg research related to
water-induced disasters. In August 2021, MOU wagnesl with the
International Center for Water Hazard and Risk Mgmaent (ICHARM) to
conduct joint research on water resilience andstiss.

DWRI of MOEWRI carries out river improvement prdigcto preserve
farmland and irrigation facilities.

DWRI conducts research, knowledge sharing, andneeging measures
projects for landslides.

WRRDC researches landslides and operates a realiinaslide monitoring
and warning system.

The Landslide Hazard Management Section and Lanel Desvelopment
Hazard Mitigation Section of DOFSC conduct surveyssearch, and
knowledge sharing for forest conservation and sswle landslide DRR
projects.

The Landslide Hazard Research Division within th#® Geoscience
Department was established in 2016 and conduaatifa surveys, research,
and knowledge sharing regarding landslides. Tha iddo create a national
inventory and landslide risk map, but this hashe#n realized due to a lack of
budget, and the project is looking forward to fio@ah support from
development partners. (Assuming 10 million NRs.gewvince)

Table 2-19 and Table 2-20as below. NDRRMA's budget is used for rescue, frefirmanagement,
investigation, early warning, training, and policgking for various disasters in Nepal. The DUDBC
budget is not included imable 2-19because DRRM budgets cannot be clearly distingdistom the

total DUDBC budgets.

Table 2-19 Budget of Relevant Agencies for Disastbéfanagement
(FY2019/20 - FY2023/24)

NRs in million

No. | Institutes, Division, Budget in Budget in Budget in Budget in Budget in
Section/Project FY2019/20 FY2020/21 FY2021/22 | FY2022/23 | FY 2023/24
1 | NDRRMA Not 249.8 2,368.4 1617.7 188.0
establishe
2 | DMG 276.9 245.9 371.0 261.6 259.8
2a | Geoscience Survey 27.5 20.0 19.9 29.8 29.3
and Research
Division
2b | Landslide Research 25 2.5 25 3.2 2.0
Sectiot

Source: Created by JICA Survey Team based on puldichflable information from MOF and interviews witblevant

organizations.
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Table 2-20 Implementation Status of Budget Allocatto Relevant Agencies for Disaster
Management (FY2019/20 - FY2023/24)

No. Institutes, Division, Status in Status in Status in Status in Status in
Section/Project FY2019/20 | FY2020/21 | FY2021/22 | FY2022/23 | FY2023/24
Not 0 0, *70)0, i
1 NDRRMA establishe 100% 68% 70% | Ongoing
2 DMG 61% 61% 41% *61% | Ongoing
Geoscience Survey
2a and Research 69% 66% 80% *80% | Ongoing
Division
2b 'éi';gg"'de Research 100% 100% 100% *100% | Ongoing

Note: "*" means the average of the hearing redrdts each organization
Source: Created by JICA Survey Team based on puldichflable information from MOF and interviews witalevant
organizations.

According to NDRRMA officials, more budget is nedder disaster management. For instance, the
NDRRMA with the support of JICA has worked out alpatary request of around USD 30 million for
retrofitting and reconstruction of priority projeah Kathmandu Valley. Similarly, for 13 pilot distts
surveyed through a Rapid Visual Survey, funded B/ @foup International Development Association
(IDA), identifies needs for further investment oD 300 million. The total cost of the investment in
Emergency Preparedness and Response(EPR) is estinmatbe NRs. 24,089,700,000, which is
equivalent to USD 191.2 million. Similarly, for tivulti-hazard Early Warning System (MHEWS), the
cost of USD 515 million is identified.

DMG has conducted many studies regarding landsfides the early days of its establishment. After
the Gorkha earthquake in 2015, the rapid geologasHessment was conducted to assess the
vulnerability of the settlement area in the 18 leguibke-affected districts in two phases in which 47
settlements were at high risk of earthquake-indgeedhazards, and among them, 193 settlements had
been relocated immediately considering the thréapooming disasters. DMG also conducted detail
assessments in 9 earthquake-affected districtseotr@l and Eastern Nepal. The investigation was
conducted with the objective of categorizing thidements affected by earthquake into three sigauif
geotechnical risk categories, i.e., safe, contotdlzand unsafe. A total of 117 settlements wereesed,

out of which 57 settlements were categorized asafansith proper recommendations for relocation.
The need for systematic study of landslides wasgeized through these circumstances, and the
Landslide Research Section was established ingidi& i July 2016. Although DMG has created an
inventory for the entire province, landslide riskps have not yet to be created due to a lack ajetud
The preliminary minimum cost is set at NRs.10 moilli Still, DMG is seeking a development partner to
support the project as it is unlikely to secureding from MoF due to Nepal's economic recession.

The organizational structure of NDRRMA is showrrigure 2-18 The headquarters has 39 members:
4 executive officers, 29 members of the Policy Riag and Monitoring Division, and six members of
the Risk Reduction and Operation Division. 77 Iqoadsonnel are assigned to the District Emergency
Operation Center and 8 to the Humanitarian Supioes.

DHM and DWRI are the relevant departments for watet landslides under MOEWRI. Under DHM,
the Flood Forecasting Division has four staff merabend conducts awareness programs on flood
forecasting, early warnings, and development tadaffooding, etc. ICIMOD supports DHM in these
activities. The organizational structure of DWRI is showrFigure 2-19 The Water-Induced Disaster
Management Division is under DWRI, which has Depbiyector General and three staff members
assigned to each of the River Management Sectiwn\Watershed Management and Technology
Development Section, and an Emergency ManagemeijgdPiSection. The Landslide Management
Section also has three staff members under then@veater and Geology Division.

5 Enhancing flood early warning systems - SERVIR-H@¢imod.org)
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DOFSC has the Landslide Hazard Management Seatidithee Land Use Hazard Mitigation Section,
with five and three staff members, respectively.

There is the National Earthquake Observation Rebe@enter under DMG with nine staff members
and the Landslide Research Section with two stafhivers in the Department of Geological Sciences.

According to interviews with NDRRMA in January 2Q2t#here is a plan to incorporate DHM's
meteorological data and road information into th8 Gisaster database as national disaster infosmati
management data and conduct comprehensive risksasarts considering climate change. The Special
Committee on Disaster Risk Assessment task fortends to start discussions on risk assessment
methods. For this reason, the government wants¢agthen cooperation with various ministries and
agencies.

2.3.2. Organizational Structure of Major Entities Involved in Landslide Management, Budget
Allocation/Execution, Project Implementation Status etc.

The agency with central responsibility for landslithanagement is NDRRMA. The implementing
agencies for landslide management projects are DANBRDOFSC, and DOR for road landslides. Their
budget size and the situations of execution arevshia Table 2-18 The details for DOR will be
explained inChapter.3.2

NDRRMA has established a post-event coordinatiatesy from the central government to the local
regions. Regarding proactive measures, especw@lliidod forecasting and warnings, collaboration is
progressing, and NDRRMA utilizes the warnings iskbigg DHM, and has achieved outcomes in saving
human lives. Prediction and warning of landslides @mplex, and although WRRDC is conducting
real-time monitoring of landslides in three sitediatmandau, it is still not widely monitored.

DWRI is responsible for preparing structures inatbe of heavy rain and landslides as the central
government, while DOR and local governments are edsponsible for NHs. DWRI and landslide
prevention measures must be improved as personeein@ deployed to rural areas. DWRI's
participation in road geohazards risk reductiorjqmts could be more robust.
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Ministry of Home Affairs ‘

National Disaster Risk Reduction and Management Authority (NDRRMA}

v

Chief Executive (CE) |

I Personal Assistant (PA) (Gaz. Officer Il1)

v

v

Policy Planning and Monitoring Division

Joint Secretary (Gaz.Off. I)

Source: NDRMMA

Administration , Planning and
Monitoring Section
Under Secretary (Gaz Off. Il) - 1
Section Officer (Gaz.Off. Ill) - 1
Environment Inspector (Gaz.Off. II) - 1
Nayab Subba (NonGaz.Off. 1) — 2
Computer Operator (NonGaz.Off. ) - 3
Asst. Computer Operator (NonGaz.Off. Il) - 2
Driver— 4, Office Assistant - 7

Disaster Research, Standardization and
Capacity Development Section

SDE Hydrology (Gaz.Off Il) -1,

Section Officer (Gaz.Off Ill)- 1

Engineering Geologist (Gaz.Off I1l)-1,

Engineer Civil General Gaz.Off Ill)—-1

GIS Analyst (Gaz.Off IIl) - 1

Financial Administration Section
Account Officer (Gaz.Off. Ill) -1
Asst. Account Officer (NonGaz. Off. I) - 1

v

Risk Reduction and Operation Division

Joint Secretary (Gaz.Off. I)

Lp| Section Officer (Gaz.Off.Ill) - 1

Risk Reduction, Preparedness and
Recovery Section
SDE Civil -1,
Engineer Civil General—-1,

National Emergency Operation
Centre (NEOC) Section
Under Secretary (Gaz.Off.Il) = 1

Radio Technologist (Gaz.Off.IIl) — 1
Police Inspector (Gaz.Off. Ill) - 1

Coordination of search, rescue and response

According to the decision of the Disaster Risk Reduction and
Management Executive Committee, necessary manpower will be
mobilized from all security agencies and relevant ministries for
search, rescue and response during disaster.

(Search, rescue and response coordination work will be done from
the Risk Reduction, Preparednessand Recovery Section)

-77

District Emergency Operation Centre (DEOC)

Notel: SDE=Senior Divisional Engineer, Gaz.=Gazetted,

Humanitarian Support Sites
-8

NonGaz.=Non Gazetted
(Note2: Translated from Nepali to English by SC. Amatya)

Figure 2-18 Organizational Structure of NDRMMA
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Source: DWRI

Figure 2-19 Organizational Structure of DWRI
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2.4. Summary of Disaster Occurrence and Risks

2.4.1. Occurrence and Risk by Disaster Type

Figure 2-2Q Figure 2-21,and Figure 2-22show the percentages of occurrences, casualtidshan
size of disaster damage by disaster type from 202822 based on the MOHA) data. Nepal is prone
to disasters such as earthquakes, floods, andlidesigNot limited to roadside damage) due to its
geographical features: 24,717 disasters occurraddiecade from 2013 to 2022, causing total damages
of NRs 39.4 billion (approx. JPY41.2 billion) and,262 fatalities. The number of landslides, floods,
and heavy rain occurrences (including those ofsedther than the road sector) during the samedger
was 5,041, causing the damage cost of NRs19.dmi(lpprox. JPY20.7 billion) and 2,017 deaths.
Landslides accounted for the second largest nuibevents after fires, with 2,228 (9.0%), followed
by thunderbolts with 1,988 (8.0%), floods with 1245.9%), and heavy rains with 1,361 (5.5%).

Regarding the earthquake in 2015, publicly avadatsta by MOHA includes the number of events as
70 and the number of deaths as 8,891. Howevedatseon the total amount of damage on a monetary
basis is not available. According to WB, the dameggsed by the Nepal earthquake is estimated at
$7.1 billion (about NRs 930 billioh)

9 2.9%
6% o.s%x?B/o/ o

2.
3.8% TR

5.9%

8.0%

n=24,717
M Fire Landslide Thunderbolt Flood
M Heavy Rain B Animal Incident Wind storm Snake bite

Earthquake Other

Source: Created by JICA Survey Team Based on Pulflicjlable Data from MOHA.
Figure 2-20 Percentage of the Number of Disasters Occurring in 10 Years by Disaster Type
(2013-2022)

5 https://blogs.worldbank.org/endpo-vertyinsouthmspalearthquakes-2015-one-year
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n=13,262
M Earthquake Landslide Thunderbolt ¥ Flood
M Fire H Animal Incident B Heavy Rain 1 Snake bite

M Wind storm Other

Source: Created by JICA Survey Team Based on Pulflicijlable Data from MOHA.
Figure 2-21 Percentage of Fatalities in 10 Years by Disaster Type (2013-2022)

0.2%

n=39 (billion NRs)

M Fire ¥ Flood Landslide M Heavy Rain
B Wind storm Thunderbolt B Animal Incident  m Earthquake
1 Snake bite Other

Note: The above figure does not include the amofidamage caused by the 2015 Nepal earthquake.
Source: Created by JICA Survey Team Based on Pullicijlable Data from MOHA.

Figure 2-22 Percentage of Damage in 10 Years by Disaster Type (2013-2022)
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According to the literature introduced befpwconomic losses from disasters in Nepal from 1871
2017 for 47 years are estimated to have reache®f4@DP. Considering the size of financial loss
caused by the disaster each year, DRR is one aftlvary's top priorities.

Disasters in Nepal occur mostly in hilly and moimtas areas, which account for more than 80% of
the country's total land area. Landslides freqyesttur due to steep slopes in hilly areas andabiest
geology caused by active crustal movement anddragyby heavy rain. In the southern plains, which
consist of 17% of the area of the total Nepal lahdye is a high incidence of flooding caused by
overflows from rivers and inundation due to the pdminage of rivers. These water and landslides
threaten the country's development by frequentiyatfing cities, national infrastructure such as soad
and bridges, hydropower,irrigation canals, andcatpural land (seeFigure 2-23).

Flood & Inundation
Prone Area17% (TeraiPlain)

l, D Landslide Prone Area>80%

(Hills and mountain)

Altitude >8000m

60m

Source: Physiographic Region of Nepal (Amartya SCJasthi J., 2015)
Figure 2-23 Frequency Status of Disaster Types in Nepal

The Siwalik Hills, a hilly area bordering the soaithmost plains, mainly comprise unconsolidated
conglomerates, sandstones, and mudstones. Thaggeolthis area is fragile and prone to erosiom, an
the risk of landslides is relatively high.

Human-caused disasters have also resulted frormdiaresidential and agricultural lands into skpe
with disaster risks, deforestation, and the dumpmihgonstruction debris into valleys during local
government and community road construction.

2.4.2. Analysis of Disaster Types to be Prioritized Accorihg to Economic Loss Risk

As shown irFigures 2-20, landslide events have the second highest numlzsicafrences and fatalities
compared to other types of disasters over thetpastears. Regarding the amount of damage, although
MOHA data does not include data on the major eagke in 2015, landslides are the third highest. The
fatalities and economic losses from landslides fowts from 2009/10 to 2022/23 (14 years) were
analyzed based on publicly available data from MO&tAl shown inTable 2-21, Figure 2-24 and
Figure 2-25 According to these figures, it can be seen tllabagh both fatalities and economic losses
from floods have been decreasing over the yeati the number of fatalities and economic lossa® fro
landslides have been on the rise. Therefore, laledshre a disaster that should be addressed@asityp

Landslides have caused damage to residential daeetand, roads, and other infrastructure. Acawgdi

to Oxford Policy Management 2021's "Political eamyaf 2020 landslides, road construction and DRR
in Nepal," 448 landslide events occurred acrossaNep2020, resulting in 297 deaths. Of these, 205
(61%) of the 337-landslide event sites that candrdirmed on Google Earth include damage to roads.

7 Adhikari, S., & Adhikari, D. (2019). An account dfepal disasters and economic fallout, [ResearghoRe
Project research and management associates, HAlvaseovertes.fr, HAL-01995386, 2019. https://hakdves-
ouvertes.fr/hal-01995386/document
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Among the 205 damaged sites on the streets, 178)(8Vents occurred on roads constructed within the
past 12 years. The results of this study suggesttiost landslide events involve roads and thateslo
excavation, embankment, and soil disposal duedd oonstruction/widening and new land use along
roads are triggers of further landslide events.

Regarding floods, the number of fatalities and eodic losses has been decreasing despite population
growth, and increasing property values can be atedl by government flood forecasting, early
warnings, and awareness programs for developmenbid flood risks. DHM began providing weather
and flood advisory services in 2016 having beerpamag since the 2000s. NDRRMA's National
Emergency Operation Center and specific individualistake action to evacuate once they receive the
information. Local radio stations also cooperate rbporting warning information. Furthermore,
sustainable development measures such as collalvoveth local governments and the development
of evacuation centers are considered necessary.|DidRages 46 significant rivers and carries out
river training projects to preserve farmland antiages, contributing to the mitigation of disaster

damage.
Table 2-21 Landslide and Flood of Fatalities and Economic Losses

Disaster Average Annual Number of Deaths and Average Annual Economic Losses and Trend
Type Trend of Annual Increase or Decrease of Annual Increase or Decrease from 2009/10
P from FY2009/10 to 2022/23 (14 years) to FY2022/23 (14 years)
Landslide 122 persons/year: Increasing trend NRs.143 million/year: Increasing trend
Flood 77 persons/year: Decreasing trend NRs. 1,3 14million/year: Decreasing trend

Source: Created by JICA Survey Team Based on Pulflicjlable Data from MOHA.

Fatalities Due to Landslide
From 2009/10t0 2022/23
Average Fatality =122/yr
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Source: Created by JICA Survey Team Based on Pul#licylable Information from MOHA.
Figure 2-24 Fatalities Due to Landslides and Floods
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Yearly Losses due to Landslide
From 2009/10 to2022/23
Average losses/yr=143(Million NRs.)

900 810.64

Losses (Million NRs)

Yearly Losses due to Flood
From 2009/10t0 2022/23
Averagelosses/yr=1,314(Million NRs.)
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2000 1448281951211 38—

14917.61
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Note: FY2009/10 to FY2022/23 (14 years)

Source: Created by JICA Survey Team Based on Pullicjlable Information from MOHA.
Figure 2-25 Economic Losses Due to Landslides and Floods
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Chapter 3.Current Issues on Road Geohazards and Landslides

3.1. Summary of Road Geohazards

3.1.1. Causes and Classification of Road Geohazards on NHs
(1) Road Geohazards on NHs

DOR's division road offices (DROs) perform emergemaintenance when a road blockage occurs due
to a road geohazard. They are responsible for dtibgha road blockage report to the central ofi€e
DOR. Based on this report, the DOR Maintenancec®ffipdates the database regarding sites (highway
names, distance markers), geohazard types, andlaade times.

The number of road closures by road geohazardfgrgbe two years (2021-2022) in NHs is shown in
Table 3-1 andFigure 3-1.

Table 3-1 Classification of Road Geohazards and Their Causes

Road No. of
No. Geohazard Cause and Situation of Road Geohazards :
Events
Type
- Collapse, slide, flow, etc., caused by heavy rainfall, etc.
- Road carriageway collapse and fill slope collapse due to river erosion,
1 Road etc. 162
Landslide - Collapse and road carriageway collapse due to sediment discharge and
surface water flow.
- Culverts and other road structures damaged by sediment discharge of
5 Road Facility road landslides. 19
Damage - Bridge collapse due to flood and road landslides.
- Pier settlement and bridge collapse due to improper construction.
3 Road Flooding | - Road flooding due to continuous rainfall or river flooding. 9
- Cases with no reference to the classification of road hazards and their
4 Others causes. 80
Cases due to factors other than the above (e.g., damage by vehicle hit).

Source: Modified from DOR data for the 2021-2022nyghttps://bipadportal.gov.np/) by JICA Survey Team
200 100

- EZZANO. OF ROAD GEOHAZARDS s
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40
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Damage
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Number ol Road Geohazards

o) \
= \\
I N\
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Road Geohazard Type

Source: Modified from DOR Data for the 2021-2022rygétp://bipadportal.gov.npby JICA Survey Team
Figure 3-1 Number of Events of Road Geohazards on NHs (2021-2022)

41



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

As shown inTable 3-1andFigure 3-1 above, road landslides are the most common typeaofhazard,
and road facility damage and road flooding have atsurred. On the other hand, since road landslide
events have not been clarified to their furtheated classification, occurrence causes, and thatgn

of each event from DOR database, the followingisecinalyzes the situations based on the results of
the site survey.

Among the road facility damages listed in the abstaded table and figure, five bridge collapsesewer
identified. The probable causes of the collapseioh bridges were flooding in two sites, road léidds

in one site, pier settlement in one site, and ipereonstruction during construction in one siteorder

to understand the causes of bridge collapses &il dibte bridge damages reported by DOR during mid-
April 2021 and early April 2022 were examined anchmarized inrable 3-2 The data and information
were also collected from newspapers online ancevead to analyze the causes of bridge damage and
collapse.

Table 3-2 Bridge Damaged between Mid-April 2021 and Early April 2022

National Highway Local Road | National Highway+Local Road
Category of Bridge Collapse/Damage No. of Bridge | Percent | National Highway No. |No. of Bridge | No. of Bridge Percent
Collapse (%) (No. of bridgge collapse) Collapse Collapse (%)
Under construction 1 8%|NHS55 5 6 21%
Bridge collapse/d
ricee o a.pse Constructed 0 0% 0 0 0%
due to flooding
Subtotal 1 8% 5 6 21%
Under construction 1 8%|NHO0S5 1 2 7%
Bridge collapse/damage [ o ieg 2 15%|NHO1 2 4 14%
due to foundation scouring
Subtotal 3 23% 3 6 21%
Under construction 4 31%|NHO03, NH05(2), NH53 1 5 17%
Approach road washed
away due to flooding Constructed 3 23%|NHO05, NH34, HN53 0 3 10%
Subtotal 7 54% 1 8 28%
Under construction 0 0% 0 0 0%
Bridge collapse/d Constructed 2 15%|NH25(2 7 9 31%
due to debris flow onstructe - o|NH25(2) °
Subtotal 2 15% 7 9 31%
Under construction 6 46% 7 13 45%
Total Constructed 7 54% 9 16 55%
Subtotal 13 100% 16 29 100%

Source: Modified from DOR data by the JICA Survewnihe

The causes of bridge damage in Nepal are consi@srésted below:

Design:

* Unexpected flood flow rate

» Lack of adequate probabilistic hydrological anahfali intensity data for flood discharge
calculations for the catchment concerned.

» Insufficient scour protection of pier foundationglansufficient erosion protection of
abutments.

e Hydraulically inadequate arrangement of piers andraents.

e Short bridge length relative to flood bed.

« Missing identification of sources of debris flowonicrence in the bridge catchment.

« Lack of adequate probabilistic hydrological andhfall intensity data for debris flow
discharge calculations for the catchment concerned.

Construction skills and methods:
* Inadequate temporary diversion discharge facildieésng construction.

Maintenance:
* Flooding erosion of bridge approach roads due toraiogical riverbed rise.
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(2) Classification and Causes of Road Landslides

Road landslides are classified by simplified frdra tlassification method in the Road Landslide Risk
Management Handbook (GFDRR, 2020), as showiahle 3-3 and Figure 3-2, into four types:
collapse, slide, flow, and carriageway collapse.

In WB GFDRR 2020, it is classified into (a) Falb¢kfall), (b) Collapse (rock), (c) Collapse (so{)l)
Slide, (e) Flow, and (f) erosion. In this survey), fFall (rockfall), (b) Collapse (rockfall), and €ollapse
(soil) are unified as a category of Collapse beeahgy often occur in the same place (slope) in
combination or gradually. Regarding (f) erosiom pinoblem is that it causes damage to the roadirf
as a result. Road surface damage is caused nobpmyosion but also by a combination of Collapse
and sliding from the road to the valley side, sadroollapse (road carriageway collapse) is adogged
the term for the landslide type.

Table 3-3 Classification and Definition of Road Landslides

Schematic
Definition and Description Image

WB GFDRR 2020 classification
Defined as a downward movement of a mass of ‘

soil or rock, which occurs on steep slopes of
soils, mainly associated with surficial deposits, VI
or on rock slopes due to fracturing and jointing T Ta
1 Collapse within the rock mass. s

Type of Road

NG, Landslide

Occurs rapidly and suddenly in a short time, K
mainly due to heavy rainfall. ,/ \\
()

N

fe) (ollapse (soil)

Occurs on a steeper slope on a smaller scale
compared with a slide.

(b) Gollapse (ock)

Defined as a downward slow movement of a
mass of soil or rock on one or more slip surfaces
deep in the ground due to heavy rainfall,

earthquakes, etc. ‘rs
Has a relatively extensive and peculiar 2o
topography - slide landforms in areas with (@ Siide
specific geological structures and is often
triggered by the effects of groundwater.

2 Slide

Defined as a downhill flow movement of a mass
of soil and rock accumulated in mountainous
streams under the influence of surface water \
3 Flow flow.

Has a high potential to occur in catchments with
numerous collapses, often associated with
continuous or heavy rainfalls.

(e) low

Defined as the partial or complete collapse of a
road body due to river erosion on the valley side
of the road. ’

It can also be caused by sediment discharge and
surface water flow from the slope above the road
or an riverside slope's collapse due to the slope (f) Brosion (river erosion)
toe's scouring®.

Source: Modified from Road Geohazard Risk Managerdantbook (GFDRR, 2020), by JICA Survey Team

Carriageway
Collapse

8 Slope toe scouring is when the lower end of therside slope of a road is eroded by running waiteing a
river flood.
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2) Road surface subsidence due to slide typ
landslide on NHO3

[¢)

n NH44

'4) Carriageway collapse on NH47

3) Debris flow o
Source: JICA Survey Team
Figure 3-2 Examples of 1) Collapse, 2) Slide, 3)dw, and 4) Carriageway Collapse Occurred on
the Target NHs

To clarify the causes of road landslides, suchadlafises, slides, and debris flows on the targes,NH

and to prioritize road landslide sites at high rifkoccurrence, the field surveys were conducted

according to the following procedure:

1)  The field surveys were focused on the road landgites listed by DOR and its Division
Road Offices (DROs) and conducted by local subeatdrs using the modified Site
Definition Sheets in Roadside Geotechnical Probl@»@R 2007) to collect road landslide
data at sites.

2) Google Earth was used to identify the history efithad landslides history and to check the
extent/range of collapses, slides, and debris iowce areas, thereby revising and adding
the data from the field survey.

3)  Similarly, topographic maps formulated from 2.5msim&D point cloud data of AW3D
were used for topographical interpretation to idgmbad landslides' extent and
topographical characteristics.

4)  Data on the availability of existing road landslidéormation, road closure duration/date
due to road landslides, and the planning and im@igation of emergency and permanent
engineering measures were collected through irgess/ivith DROs.
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As shown inTable 3-4 216 road landslide sites were surveyed on trexcte 10 target NH sections.
Collapses were the most common and main type af laradslides, accounting for about 80% of the
total, and slides, flows, and carriageway collagdss occurredTable 3-4 Figure 3-3).

Table 3-4 Road Landslide Types of Survey Sites

- National f‘ﬁghwa)’ Type of Landslides —
No. Collapse Slide Flow Carriageway Collapse
1 NH02 3 1 1 0 5
2 NH03 (KH) 20 0 1 1 22
3 NH03 (PB) 28 4 4 4 40
4 NHO8 11 0 1 0 12
5 NH25 13 0 1 1 15
6 NH34 25 5 4 0 34
7 NH37 9 4 0 0 13
8 NH41 8 2 0 0 10
9 NH44 7 0 2 2 11
10 NH47 43 5 5 1 54
Subtotal 167 21 19 9 216
Notes: NHO3(KH): Khurkot-Halesi Section of NHO3, RB{PB); Pokhara-Baglung Section of NH03
Source: JICA Survey Team
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Source: JICA Survey Team
Figure 3-3 Landslide Types of the Field Survey Sites

The main causes of road landslides are summareasetion the results of field surveys at 216 sitds a
interviews with DROs as follows:

1) The target NHs were mainly constructed on stegpesldy excavation on the mountainsides.
Collapse frequently occurred on the destabilizedpesd of colluvial soils or highly
fractured/weathered rocks.

2)  The cut slopes were steeper than standard slofasddo the slope geological conditions,
and therefore, collapses have occurred. Collapses mainly concentrated on slopes with a
slope gradient of 30-70 degre®igure 3-4).

3) Engineering measures works have not been congdructamore than 70% of the inspected
sites. Moreover, the constructed engineering measuorks are mainly emergency measures,
such as masonry and gabion walls, at risk of béargaged again.
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4)  16% of the reviewed road landslide sites have ityiof sediment disposal and domestic
waste discharge from the back slopes and valleysstine roadfable 3-5. These sediments
and domestic waste could be discharged onto tleindde future during heavy rainfall.

5)  Debris flows have occurred due to collapses in rtearstreams crossing the roads, and the
road facilities across the roads have low capdoitglischarge debris flows. Some parts of
major arterial roads were blocked for several ddye to the debris flows deposited on the
road sections and subsequent removal of the setimen
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Source: JICA Survey Team
Figure 3-4 Frequency Distribution of Slope Angle of the Field Survey Sites of Collapses

Table 3-5 Status of Sediment Disposal on the Slope above the Field Survey Sites

Sediment Disposal on the Slope Number of Field Survey .
above the Road Sites for Landslide Percent (%)
Presence 35 16
Absence 181 84
Total 216 100

Source: JICA Survey Team

3.1.2. Landslide Data on Target NHs

Road landslides are mostly concentrated in theyre@ason (June to September) on NHs, and about
90% of road landslides occur on road-cut slopethermountainous sides (collapses) and on slopes
above roads (slides and debris flows).

The number of road landslides per extension distancthe target NHs varies for each road. As shown
in Figure 3-5, the density of road landslides on NH34, NH44, Bttt 7 were higher than others. The
possible reasons can be raised as below:

- NH34: The road passes through an area with relptigege annual precipitation, and erosion on
the slopes of the road river side has progressed.
- NH44: Collapses associated with new cuttings duedd expansion have occurred.
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- NHA47: The road runs roughly in a north-south dimttithin Sub-Himalaya, which is bounded
by the Main Central Thrust (MCT) in the north ahd Main Boundary Thrust (MBT) in the south
and is composed of Precambrian to Paleozoic muddysandy sedimentary rocks. The geology
along the road is particularly vulnerable to laidés.

In addition, these road landslides were found ttuocepeatedly at the same site two to six times at
surveyed sitesKigure 3-6). The reason for the repeated damage is that mogment engineering
measures have been constructed.
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Source: JICA Survey Team (ldentified number of léidesevents by checking Google Earth satellite iesaigr 20 years since
1992)

Figure 3-5 Density of Road Landslides Events (Number of Events per 10km during 20 Years

from 1992)
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Source: JICA Survey Team (ldentified number of léiddsevents by checking Google Earth satellite iesaigr 20 years since
1992)
Figure 3-6 Frequency Distribution of Number of Road Landslide Events at the Same Site of the

Field Survey Sites during 20 Years from 1992

Collapses are the most common type of road larelslidthe target NH&jigure 3-3 above). The time
required to remove the collapsed sediments fronnadhd depends on the size of the collapses, thee typ
and capacity of the backhoe, and the distance leetie landslide site and the standby site of gae
equipment. Of these items the size/scale of thegsdd mass volume (collapse volume) is estimated
by visual field measurements and distance metesunements, using the following formula (#dgure

3-7:

Collapse volumey= L1(m) (collapse lengthY W1(m) (collapse widthy D1(m) (collapse depth)/3
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Further, as shown ifable 3-6, the scale of the collapsed mass volume is cladsiin terms of the

impact on road closure and the technical issuengineering measures design, into four levels as a

classification unique to this survey based on tiewing definitions:

- Small scale (collapsed mass volume <2,09)0its scale is defined as 50m (W1) x 50m (L1) x 1-

3m (D1) or smaller, and its collapsed mass is etqukto close one lane to full width traffic.

- Moderate scale (collapsed mass volume =2,000-20p8)00ts scale is defined as 100m (W1) x
100m (L1) x 2-5m (D1) or smaller, and its collapsedss is expected to close two lanes to full

width traffic.

- Large scale (collapsed mass volume =20,000-100,800ts scale is defined as 200m (W1) x
150m (L1) x 5-10m (D1) or smaller, and its collaghgeass is expected to close part or all the four

lanes to traffic.

- Super large scale (collapsed mass volume <100,80@s scale is defined as 200m (W1) x 150m

(L1) x 10m (D1) or larger, and its collapsed massxpected to close all four lanes to traffic.

Schematic Image

Explanation

Collapse width (W1} the maximum width

of potential collapse or collapse,
perpendicular to the collapse length

Displaced mass width (W2)the maximum

width of the displaced mass perpendicular
to the length of the displaced mass,

Collapse length (L1) the maximum inclined

length of potential collapse or collapse,

Displaced mass length (L2)the maximum

distance from the tip to the top of collapse,

Total length (L3): the maximum length from
the tip to the crown of collapse,

Collapse depth (D1) the maximum depth of

potential collapse or collapse,

Displaced mass depth (D2he maximum
depth of the displaced mass, perpendicular
to the plane including the width
length of the displaced mass,

Collapse VolumeV=L1 ¥W1*D1/3

Source: JICA Survey Team

Figure 3-7 Schematic Profile and Plan View of Before and After of Collapse

Table 3-6 Frequency Distribution of Scale of Volume of the Slope Collapse of 167 Field Survey

Sites
Collapse Scale Classification|  Collapse Volume (ﬁ) Number of Collapses Percent (%
Small ~2,000 64 38
Moderate 2,006-20,000 80 48
Large 20,006~100,000 20 12
Very Large 100,006~ 3 2
Total 167 100

Source: JICA Survey Team

48




Data Collection Survey on Road Disaster PrevenitioNepal Final Report

3.1.3. Plan for Road Geohazard Damage Response

The Maintenance Branch of DOR is in charge of nm&ihtenance, including road geohazard damage
response. It conducts necessary activities basethenntegrated Annual Road Maintenance Plan
(IARMP). IARMP is a compilation of Annual Road Mé@mance Plans (ARMPs) for each road section.
IARMP/ARMP is created based on data from the Nafidtighway Management Information System
(HMIS).

The DOR document “The Definition of Maintenance aM@intenance Activity” sets out road
maintenance, including maintenance activities,easidbed below:

1) Routine Maintenance: Maintenance required contiptlafoughout the year on each road,
regardless of road conditions and traffic voluniemcludes road sweeping/cleaning, drain
cleaning, culvert cleaning, grass cutting, etc.

2)  Recurrent Maintenance: Maintenance that must biéedasut at intervals of several times a
year, depending on traffic volumes. It includesgular repairs of pavements and road
structures (gabion wall, side drain, causeway).etc.

3) Periodic Maintenance: Maintenance normally caraetat intervals of several years,
including asphalt overlay, road shoulder repaiadreign painting, bridge structure
rehabilitation, etc.

4)  Emergency Maintenance: Maintenance is necessaespond immediately in emergency
situations such as road geohazard damage or rosgrek. It includes removal of debris and
other obstacles, installation of warning signs,starction of diversion roads, covering
cracks due to slides and collapse, protection wagksnst river erosion, etc.

5)  Specific/Preventive Maintenance: Maintenance regluio adapt roads to changing slope
and stream conditions. It includes the installabbnockfall prevention nets, gabion walls,
check dams, river revetment, bioengineering, etc.

Of the above road maintenance activities, 1) reutraintenance is carried out appropriately accgrdin
to the manual by the workers directly hired by DfoRevery 3 km of road stretch (one worker for gver
5 km on flat roads) and one supervisor for everkm8one supervisor for every 30km on flat road) of
road stretch.

2) Recurrent, 3) periodic, and 5) specific/prewantnaintenance activities are outsourced to caimraic
There are problems with delays in the executiowartks not completed within the contract period by
contractors and low construction quality.

4) Emergency maintenance is carried out by DORisnpaent employee of works and supervisors,

heavy equipment operators from DOR's Mechanicah&ra Heavy Equipment Division, dispatched to

geohazard-prone areas with DOR-owned equipmenhgluhie rainy season, or by outsourcing. For

example, the removal of debris deposited on roaddone by DOR as an emergency response
immediately after a landslide event. It is cared appropriately according to the manual.

As for specific/preventive maintenandggure 3-8 andFigure 3-9 show the situation of engineering
measures implementation at the 216 road landslkeg found by the site survey. The ratio of thessit
with implementation of engineering measures workeiag the surveyed collapse sites was about 40%.
The installed engineering measures works were eaneygmeasures such as small-size masonry walls
(34%), gabion walls (28%), and concrete retainiradisy(10%), as shown iRigure 3-9andFigure 3-

10. Although it is implemented by outsourcing, thare problems with delays in implementing works
by external contractors and low work quality.
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Existing Countermeasures
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Figure 3-8 Implementation Situation of Existing Engineering Measures for Different Landslide

Gabion wall damage
due to collapse

ek
1 Engineering measures @
| flow _

c) Gabion wall on NH47

Source: JICA Survey Team
Figure 3-9 Examples of Landslides Engineering Measures on the Target NHs
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Figure 3-10 Status of Existing Engineering Measures at the Field Survey Sites of Collapses

Road Board Nepal (RBN), established in 2002, prewithe fund for road maintenance activities. The
RBN manages a budget financed by fuel taxes, vetggdistration taxes, and road user fees and tdioca
road maintenance budgets for maintaining NHs mahbgddOR and local road$able 3-7shows the
allocated budget for road maintenance for thdilastyears. The annual budget for FY 2020/21 onward
is about NRs. 10-13.5 billion, double the size ¥2B518/19 and FY2019/20 (NRs 4.9 and 6.8 billion,
respectively). It reflects the importance of roagimenance and road construction growtakle 3-7).

On the other hand, as shownTiable 3-8,the allocated budget for road maintenance for 22223
(NRs. 63.3 billion) is only 68% of the budget demd@NRs. 93.0 billion), which left over a 30% budget
gap. The reason for this gap is basically thatRB& allocates a limited budget. DOR will reduce the
maintenance plan according to the budget determiyeBBN. What will be reduced are Recurrent
Maintenance, Periodic Maintenance, Specific/Pravent Maintenance, and Rehabilitation
/Reconstruction, which are executed as outsouradddis. Routine and Emergency Maintenance will
remain the same because they are carried out bydJR8d costs (permanent personnel and equipment).
At the time of budget execution, contractors afected through price competition bidding, so the
outsourced costs are lower than the estimated ambom average difference between the cost estimate
and contract amounts is about 30%. DOR can usethaining budget to revise and execute the annual
maintenance plan through outsourcing in the sebaifdbf the fiscal year.

Moreover, as per Rule 6 of Roads Board RegulatiNepal Sambat 2060(2003), RBN allocates
budget in following budget heads for maintenanceatls:

1) Routine Maintenance

2)  Recurrent Maintenance

3) Periodic Maintenance

4)  Emergency Maintenance

5)  Bridge Maintenance (lifable 3-7, this is included in Specific/Preventive mainteca

6) Rehabilitation (This includes pavement repair avatirdrainage repair.)

7)  Reconstruction (This includes widening lanes, pgwinpaved roads, and improving road
alignment.)

8) Upgrading (InTable 3-7, this is included in Rehabilitation such as landeming, paving
unpaved roads, and improving road alignment.)

9) Road Safety (ITable 3-7, this is included in Specific/Preventive maintec&such as
improving site distance, road safety signs, antallisg curved mirrors.)

10) Road Maintenance Related ResearchTéhle 3-7, this is included in Specific/preventive
maintenance)

Specific/Preventive Maintenance is included able 3-7which follows DOR's own budget allocation
and is not included iTable 3-8 which follows the classification of Boards RegidatNepal Sambat
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2060 (2003). Specific/Preventive Maintenance iduitked in items such as Periodic Maintenance,
Emergency Maintenance, Bridge Maintenance, Relatiiln, Road Safety, and Road Inspection
Maintenance in the Road Boards Regulation.

Table 3-7 Budget Allocation for Road Maintenance Activities (FY2018/19 to FY2022/23)
Unit: million NRs

2018/2019 2019/2020 2020/2021 2021/2022 2022/2023
No. Maintenance Activity

Allocation| Release [Allocation| Release |Allocation| Release |Allocation| Release |Allocation| Release

1 |Routine Maintenance 752 749.11 853.27| 840.77 878.18| 862.69 890.66 872.4 1095.13| 1095.13
2 |Recurent Maintenance 808.29 665.08| 1280.21| 1095.13 1669.5| 1644.84| 1738.41| 1702.18 1309.41| 1309.41
3 |Periodic Maintenance 1598.21| 1517.68| 3480.18| 3193.61| 4678.63| 3136.81| 3173.78| 3162.58| 2565.49| 2565.49
4 |Emergency Maintenance 129.26 118.62 157.69| 156.32 198.5 198.5 357.64| 34192 2372.6| 23712
5 |Specifi/Preventive Maintenance 1090.13 995.51 926.07| 813.84| 1916.37| 1891.57| 1854.37| 1844.37| 2494.85| 2494.85
6 |Rehabilitation/Reconstructiom 240.78 185.23 89.18 47.6 3857.3| :3335.5 2293.2| 2283.46 2609.94| 2609.94
7 |Toll road Maintenance 274.81 230.31 814 81.4 328.89| 328.89 291.17| 241.57 92.52 92.52
Total 4893.49| 4461.58| 6868.01| 6228.67| 13527.37| 11398.8| 10599.24| 10448.4| 12539.95| 12538.5

Note: The budget allocation year starts in mid-&ng ends in mid-July of the following year
Source: Prepared by the JICA survey team based dd M@get data

Table 3-8 Comparison between Requirement and Allocation for Maintenance Activities

(FY2022/23)
No. Maintenance Activity = ](Blu_g‘g;tg;lsand . Bl(l;lgggﬁllfsc)arion Izg;:}:tl gg)

1 [Routine Maintenace 1,065,579.93 1,064,000.00 100
2 |Recurrent Mainenance 2.671,948.65 1,494.660.00 56
3 |Periodic Maintenance 3.419.966.18 2.926,100.00 86
4 |Eemergency Mainenance 362.520.00 362.520.00 100
5 |Reconstruction/Rehabilitation 1,597,364.70 298,600.00 19
6 |Upgrading/Widening 0.00 0.00 -
7 |Toll Road Maintenance 0.00 0.00 -
8 |Road Safety 116,000.00 116,000.00 100
9 |Road Research Work 74.000.00 74.,000.00 100

Total 9.307,379.46 6.335.880.00 68

Source: Modified from IARMP Nepal Sambat FY2079/8¢2022/23), by JICA Survey Team

3.1.4. Occurrence of Road Geohazards

Collapses are the most common type of road lareslah the target NH roads. The occurrence of
collapses is summarized Kigure 3-11 to Figure 3-13, showing the following general trends.

1) 70% of collapses have a collapse length fEeare 3-7 above) between 20-100 m. 30% of the
collapses have a collapse length of more than 1(Bigare 3-11).

The collapse width also shows the same trend asoltepse length: More than 70% of the total
cases are with less than 100 m, and about 20%varel60 m Figure 3-12).

The collapse depth with less than 3m accountsgpraximately 50% of the total cases and 80%
with less than 5 mHjgure 3-13.In terms of the scale of collapses (Jedle 3-6), the small-
scale collapses accounted for just under 40% ofdtad, the moderate scale collapses for just
under 50% of the total, and the large to very lesgae collapses for over 10% of the total.

2)

3)
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Figure 3-11 Frequency Distribution of Collapse Length at the Field Survey Sites of Collapses
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Figure 3-12 Frequency Distribution of Collapse Width at the Field Survey Sites of Collapses
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Figure 3-13 Frequency Distribution of Maximum Collapse Depth at the Field Survey Sites of
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3.1.5. Road Damage by Road Landslides

Figure 3-14shows the results of the road closure historyHemgast two years (2021 to 2022). The total
of road closures was 466 events in two years, tatbtal closing duration was 47,123 hours. Acaaydi

to the road closure events history, NH34 (64 eyehtls58 (41 events), NH25 (38 events), and NH47
(37 events) have the highest number of road clesared NH25 (13,106 hours), NH64 (12,290 hours)
and NH34 (7,138 hours) have the longest closure.tiii25 has the highest road closure duration, with
344 hours per road closure event. It is thougltttiia#fic disturbance losses were generated depgndi
on the road closure period, traffic volume, anddetonditions.

The length of road closure depends on the scaleeafeohazard events and the road maintenance and
management system, including the deployment of yneaachinery for geohazard damage recovery.
Additionally, road carriageway collapses that regubad body reconstruction require more time to
recover than slope collapses on the mountainsideeofoad. Significant traffic obstruction lossafl w
occur if the road is closed for a long time, haavyeraffic volume, has no detour, or has a longule
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Source: Based on DOR data for the 2021-2022 yets(Hiipadportal.gov.np/)

Figure 3-14 Number and Duration of Road Closures olNHs (2021-2022)
From the surveyed 216 road landslide-prone siesost serious damage history of the surveyed road
landslide sites was classified as 1) whole roadurk®, 2) one lane closure, 3) road shoulder/roge ed
damage (slow down), and 4) almost no impact, ag/shio Table 3-9.

The following general tendencies are observed Tabée 3-9:

1) Collapses lead to 63% whole road closure and 14&&lame closure, significantly impacting
road closure.

2) Slides result in 80% of whole road closures angheE00 % when including one-lane road
closures. There are no cases where the damagaimsizgd.

3) Debris flows have a high rate of whole road closwae79%, and not many cases cause minor
damage to road closures.

4) The rate of whole road closure caused by carriagevadlapses is relatively low at 44%.
However, even if the damage is minor, reconstrgdiie road takes many days and costs a lot.
This is because it is necessary to construct atsteiinstead of removing earth and sand.
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Table 3-9 Actual Damage Extent on Roads by Road Laislide Type

Whole Road Damage to Road
1 Lane Closure No Impact
Types of Closure Edge Sub-
et e 2 Percent e 2 Percent e o Percent e € Percent | total
Landslides | Landslid Landsli Landsli Landslid
(%) (%) (%) (%)
es des des es
Collapse 109 63 14 8 44 25 6 3 173
Slide 12 80 3 20 0 0 0 0 15
Flow 15 79 2 11 1 5 1 5 19
Carriagewa
y 4 44 3 33 2 22 0 0 9
Collapse
Subtotal 140 65 22 10 47 22 7 3 216

Source: JICA Survey Team

3.1.6. Issues on Road Geohazard Damage Response

Based on the results of the site survey and othalyses, the following issues can be identified as
problems in understanding the actual situationoafdrgeohazards and reducing the damage by road
geohazards:

1) Insufficient data collection and accumulation oradogeohazards result in the lack of
opportunities to reflect on past experiences asdmplete understanding of road geohazard
sites, types/modes of occurrence, actual damagdnehis situation, it is difficult to formulate
effective preventive measures plans. Data collaati@ethods on road geohazards are provided
in Guide to Road Slope engineering measures (DA@R3)2and Roadside Geotechnical
Problems (DOR, 2007) with data collection sheetsoaidl hazards. However, they are not fully
utilized. DOR's geohazard data currently collectéed accumulated mainly includes road
closure times. However, it lacks an analysis ofabeurrence mechanism and causative factors
for road landslides.

2) The main causes of frequent collapses on the t&tgstinclude cut slopes with slope angles
steeper than those with stable and suitable onéshathwith the geological characteristics of
the sites and the lack of cut slope protectionsdope drainage.

3) Preventive maintenance and management againstgeathzards mainly consist of simple
measures. In addition, some engineering measwratefsrmed or damaged. Given this current
situation, it is considered that DOR's preventivaintenance budget is insufficient. Another
issue is the selection of the appropriate engingerieasures and the quality of construction by
contractors.

4) DWRI has technical knowledge, and a track recorérgineering measures for debris flows
across roads and river erosion on road valley slopkated to road collapse, which are related
to road geohazard engineering measures. These zZgedhaeasures often contribute to road
preservation and the preservation of farmland andés along the road. It is necessary to hold
collaborative discussions between DOR and DWRI naigg road DRR and to establish a
project and budget system that integrates road terance and roadside geohazard risk
reduction.

3.2. Geohazard Management of DOR

3.2.1. Role, Structure, Budget Allocation, and Execution Rlated to Geohazard Management
and Recovery of DOR

(1) Outline of DOR

DOR is an influential administrative agency thapports the country's economic infrastructure by
maintaining and managing the road network throughiepal. The total length of the NHs managed by
DOR is 11,100 km, including over 6,800 km of paveads, 1,100 km of gravel roads, and 3,200 km of
unpaved roads.

55



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

The technical component of DOR consists of five rm&8ranches/Divisions, the Federal Road
Supervision and Monitoring Office (FRSMO) with fooffices in the country, and a training and
research institute. These organizations are umgeditection of the Director General of DOR and are
represented by Gazetted First Officéfigiure 3-15shows the organizational chart of the main divisjo
andTable 3-10shows a summary of the main divisions.

Director General

: Development Planning and : Federal Road )
Maintenance Cooperation Moenitori Bridge B h Mechanical Supetrvision and Mechanical
Branch Implementation illieluit Higge St Branch Monitoring Office Training Center
g Branch 4
Division )
Quality,
-Bridge Design and -Planning and Research and
*Planning Monitoring Monitoring Unit Procurement Development
. and Evaluation Unit +Bridge Maintenance Management Unit Center
N s ] ‘ +Geo-Environment Coardination Unit -Maintenance i
Repair Unit gMatiata il bancy and Sacial Unit “Bridge Construction Management Unit Division Road
-Road Property “Bilateral Branch *Road Safety and Coordination Unit *Mechanical Training Office (33)
Management Unit Traffic Unit *Project Center
*HMIS and ICT Unit Implementation Unit *Heavy Equipment
(PIU) Divisions (8)

*Mechanical Offices

®)

Source: JICA Survey Team based on DOR Information
Figure 3-15 Organization Chart of DOR Technical Divsion

Table 3-10 Summary of DOR's Five Major Departments
Divisions/Branches Summary
Responsible for the maintenance and repair of raautb property
management of road-related facilities.

Serve as a point of contact for bilateral or matétal international
cooperation. It has the role of contributing to #e®nomy and society
through the construction and maintenance of roadsbaidges.
Responsible for preparing budgets for implementgpians, compiling
the progress of various plans in project-relatedkwoeviewing and
reporting to relevant agencies, and conductingarebeand design
related to road and bridge projects.

Responsible for all work related to bridge projedspervising ang
monitoring surveys and designs.
Support DOR's construction and maintenance ac#vithrough the
management of construction equipment.

Maintenance Branch

Development Cooperation
Implementation Division (DCID)

Planning and Monitoring Branch

Bridge Branch

Mechanical Branch

Source: JICA Survey Team

(2) Departments in Charge of Geohazard Management anddétovery

The Maintenance Branch and Mechanical Branch ageptimary departments at DOR related to
geohazard management and recovery. In additionMER&nd the 33 Road Division Offices (DROS)
responsible for the maintenance and managemewiadtrin each region work together to respond to
road geohazards.

The Maintenance Branch consists of the Maintenaamog Repair Unit and the Road Property
Management Unit. The main activities are as follows

1. Instruct the policy directions and supervise theceition of FRSMO's mandate.

2. Develop policies and plans for road maintenancenaadagement.

3. Develop and implement an evidence-based priostyfdir road maintenance and bridge
maintenance.

4. Develop a program of maintenance and managemejecisdo be implemented with foreign
assistance in cooperation with DCID.
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o

Maintain the structures such as roads and bridgesge personnel, and decide methods that
do not disturb traffic.

Formulate policy programs related to tree planting signages of roadsides.

Develop an Integrated Annual Road Maintenance @rRMP)

Organize training related to road maintenance aadagement.

The main activities of the Mechanical Branch aréodews.

Advise on policy development related to equipmeaintenance and vehicle management.
Develop operational plans for heavy vehicles (plagynprocurement, operation, maintenance,
auctions, etc.)

Human resource management, including skill devetagm

Provide operational support of construction heasfyicles mainly after road geohazards
(landslides, floods, earthquakes, etc.)

N P 0N

hw

The Heavy Equipment Division (HED) under the MedbahBranch has eight offices and owns the
equipment and heavy vehicles used in road congiruahd maintenance.

The staffing of each HED office is as shown below.

Table 3-11 Staffing of HED

SDE / Engineer | OPerator/ Office Staff Total
Technician
HED ltahari 4 44 11 59
HED Janakpur 3 38 5 4€
HED Hetauda 3 46 3 52
HED Kathmandu 5 36 12 53
HED Pokhara 1 37 2 4C
HED Butwal 2 42 11 55
HED Nepalgunj 3 28 5 3€
HED Godawari 2 33 13 48
Total 23 304 62 389

Source: JICA Survey Team Based on DOR Information

The Chief of FRSMO in charge of NHs is considere@azetted First Class, equivalent to a Deputy
Director General of a major department. It playsnaportant role in road geohazard risk management
and rehabilitation. FRSMO comprises four branchegich supervise the maintenance and

rehabilitation work carried out by each DRO andeadke equipment for maintenance and rehabilitation.

FRSMOs and DROs under their supervision are shawiable 3-12.
Table 3-12 Name of FRSMO and Each DRO

Federal Road
I\/Isounpi'?orxlr?g;ogf?igg Damak Kathmandu Pokhara Surkhet
(FRSMO)
Damak . Charikot - Damauli |-  Surkhet
llam . Janakpur - Pokhara |- Jumla
Biratnagar| .  chandranigan - Palpa - Chaurjahar
Dhankuta apur - Baglung [
- _ - Lahan . Hetauda - Butwal - Nepalgunj
Road Division Office | . Tymlingta | . Bharatpur - Shivapur |- Doti
(iR} r . Kathmandu |- Dang - Baitadi
Harkapur | . Bhaktapur - Pyuthan |-  Saphebaga
Lalitpur r
Nuwakot - Mahendran
Khurkot agar

Source: JICA Survey Team Based on DOR Information
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(3) Budget of DOR

The budget of DOR is developed and compiled as ARKGPIARMP. The amount of allocated budget
is calculated based on the extension and SurfasteeSs Index (SDI) and International Roughnessdnde
(IR1) of each road segment. The project budgetatied for road management corresponds to a single-
year plan. Securing the funding is a top priofdly DOR. In addition to the budget allocated by the
national government, the DOR budget is sourced filoenRBN budget, which is allocated to road

maintenance.

DOR's budget per maintenance levels for FY2022823hown inTable 3-13 DOR's budget and

expenditure for the last six years are showhable 3-14

Table 3-13 DOR FY2022/23 ARMP Budget (RBN Budget)

Cost Per km Per km
ARMP Category (NRs. % Length km (NRs. (USD)
thousands) thousands)
Routine Maintenan 924,07 11.10% 8,253.7. 112 88:
Reactive/Recurrent 1,128,379 13.60%|  4,958.77 228 1,795
Maintenanc
Combined 137,784 1.70% 355.53 388 3,058
Maintenanc*1
Periodic Maintenan 2,602,33. 31.40% 687.3¢ 3,78¢ 29,87(
Responsive 0 0.00% 63.00 NA NA
Maintenanc*2
Roadside Maintenan 1,533,06! 18.50% 4,060.5. 37¢ 2,97¢
Emergency Maintenance 154,958 1.90% Based on experience, a Lump sum amoun
each divisio
Bridge Routine 47,862 0.60% NA NA NA
Maintenanc
Bridge Maintenanc 164,11, 2.00% NA NA NA
Rehabilitatiol 1,597,36. 19.30% 450.7:¢ 3,54¢ 27,96
Reconstructio 0 0.00% 0.0C NA NA
Upgrading 0 0.00% 0.0C NA NA
Total 8,289,94. 100.00% - - -

Note: *1A maintenance budget combining Routine Maiance and Reactive/Recurrent Maintenance, inclmdéstenance

and management costs that are difficult to classify
*2 Responsive maintenance is a maintenance itendties not require an emergency to repair malfunictgproad facilities.
Normally, it is not budgeted because it is not ntge

Source: DOR

Table 3-14 Emergency Maintenance Budget Allocatioand Release for the Last 6 Years,
FY2017/18-FY2022/23 (RBN Budget)

Unit: million NRs.

2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023

Allocation | Release | Allocation | Release | Allocation | Release | Allocation | Release | Allocation | Release | Allocation | Release
Routine 768.81 768.81 752| 74911 853.27| 840.77| 878.18] 862.69|  890.66 872.4| 1095.13] 1095.13
Recurent 869.23| 742.49| 808.29] 665.08| 1280.21| 1095.13 1669.5| 1644.84| 173841 170218 1309.41| 1309.41
Periodic 1700.17| 1426.07| 1598.21| 1517.68| 3480.18| 3193.61| 4678.63| 3136.81| 3173.78| 3162.58| 2565.49| 2565.49
Emergency 129.26 118.62 157.69 156.32 198.5 198.5| 357.64| 34192| 23726 23712
Specific 1078.29]  952.72| 1090.13]  995.51 926.07| 813.84| 1916.37| 189157 1854.37| 1844.37| 2494.85 2494.85
Rehabilitation 575.72| 566.63] 240.78 185.23 89.18 476| 3857.3] 33355 22932 228346| 2609.94| 2609.94
Toll road 107.15 131 274.81 230.31 81.4 81.4| 32889 328.89] 291.17| 24157 92.52 92.52
Total| 5099.36] 4587.76| 4893.49| 4461.58) 6868.01| 6228.67| 13527.37| 11398.81| 10599.24| 10448.44| 12539.95 12538.53

Source: DOR and RBN

for

The DOR Maintenance Manual defines Emergency Maimtee as emergency measures to clear
roadblocks during geohazard events such as fldaddslides, and earthquakes, including removing
debris and sediment, installing warning signs, seclring detour highways. In Nepal, the following

events generally require Emergency Maintenanceails.
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Sediment flows into the road due to slope landslide
Road collapse

Reduction of road width due to river scour
Damage to bridges and drainage structures.

Loss of road structures due to flooding

Roadblocks caused by vehicle accidents.

Road subsidence

Apart from theemergency maintenance, the budget for roadside eagitg measures construction as
a pre-geohazard event investment will be securdtleaSpecific Maintenance budget. As shown in
Figure 3-16 the budget for geohazard risk management aetvitas been increasing over the past six
years in response to the increase in geohazardgdatogprevent repeated damages. The Emergency
Maintenance budget for FY2022/23 stands out axeeptional case due to the continuous occurrence
of road geohazards on the Karnali Highway in thienfast of Nepal.
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1,078.29 109013
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— 35764 _—
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12026 116 16769 4563 19850 404 g
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201772018 2018/2019 2019/2020 202072021 202112022 2022/2023

Source: JICA Survey Team Edited with informationd®R and RBN
Figure 3-16 Budget for Geohazard Management for SiXears

3.2.2. Implementation System for Restoration and EmergencyMeasures Projects for Road
Geohazard

When a road geohazard event occurs, as showkigime 3-17, the related departments of DOR
coordinate and conduct each task to open the mddehabilitate the structures. DRO requests FRSMO
to arrange recovery equipment, and FRSMO issuesdar to HED to send the equipment to the site
based on the equipment's deployment and mainterstatgs. In response, HED sends restoration
equipment to the DROs and performs the temporatpration. According to DOR, there have been
cases where equipment requests overlap, and suffideployment faced difficulties. HED has been
requesting the Mechanical Branch to increase itgbuto stock additional equipment in preparation
for such cases.

Then, DOR will plan and request budget for fuldscangineering measures and implement DRR
project as specific/preventive maintenance.
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Report and ask for a decision

| 2 N\
Maintenance Mecharical B h Federal Road Supervision
Branch eENAIsAiBTanc and Monitoring Office (4)
2
« Submission of reports Ordered to arrange for equipment at the 1 Request for restoration
. Request for assistance with budget and discretion of the Director of the FRSMO. eqUIpment in case of

equipment deployment as needed | emergency or disaster

Heavy Equipment Divisions Road Division (33)
(8) —

*, v 3 Deployment of equipment

Source: JICA Survey Team Based on Hearing From DOR
Figure 3-17 Geohazard Damage Recovery System and Implementation Flow

3.2.3. Abnormal Inspection and Monitoring Data
(1) Highway Condition Reporting System (HCRS)

HCRS, an information reporting system for road gtes, manages information for Emergency
Maintenance. In this system, after DRO personnehtify an anomaly on the road, they register
information such as the time of the event and mfttion on whether the road is passable in the syste
via a Google from. The registered information isuinized by HMIS and uploaded to the website.
Users can view and edit the information with a lsemand report and share road conditions seamlessly
and in real time.

The information that can be registered in the systeas follows.

1. Serial Number 10. Road closer duration: (Date- Hrs.- min)
2. Date 11. Tentative time for road opening (Date - Hrs. - min)
3. Name of Office 12. Present condition
4. Code number of Highway 13. Time of road open (Date- Hrs.- min)
5. Name of Highway 14. Duration of Road Closer (Hrs.)
6. District 15. Tentative loss by damage/ road closer (Rs)
7. Site 16. Tentative description of damage (cause of failure)
8. Chainage 17. Contact Person (Name and Mobile number)
9. Co-ordinates (Easting- Northing) 18. Activities carried to the open road
19. Remarks

Data accuracy and real-time performance depentieskill and judgment of each engineer in charge
of the highway and the communication network. Imeacases, up-to-date detailed information is not
always reflected. DOR recognizes the need for ivgmmeents in the data collection process, and the
following enhancements are under consideration.

» Outsource data updates and software maintenarsystem operators.
» Data collection, review, and designation of infotima reported by general road users.
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Figure 3-18 HCRS System Screen
(2) Emergency Information System (EIS)

The Emergency Information System (EIS) was develagpel implemented as part of “The Project for
Operation and Maintenance of the Sindhuli RoadCAJI2016), which was conducted as a technical
cooperation by JICA to improve and enhance the gemeant capacity of DOR with the target of NH13
Sindhuli Road. The system consists of a centraleserain gauges, road information boards along the
road, battery equipment, and communication equipmene service helps users obtain real-time
information on road conditions such as heavy rdinfloods, landslides, traffic accidents, traffic
congestion, and road closures. The service card@seminate information on traffic rules, reguas,

and driving manners. EIS can be updated and viesvethe DOR website and smartphones. The
warning criteria for the original EIS rainfall olygation are designed to issue three levels of wasi
based on rainfall levels, as shown in the concdzmagram inFigure 3-19.

T | Drive with care

Trage | Mamntain your lane
TH! WEFAT TR | | Foliow the traffic rule

T

Source : DOR (http://eis.softavi.com/main/public_&m
Figure 3-19 System Screen of EIS
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Figure 3-20 Alert Level Based on Rainfall
Figure 3-20shows effective rainfall, a rainfall index calagld assuming hourly rainfall is halved every
12 hours, to evaluate the increase in surfacensdér content. Based on experience, the systeradtas
three thresholds for issuing warnings when thefallimdex value increases, and the risk of lartsi
increases.

3.2.4. Technical Level and Project Implementation Capabiliy for Road Geohazard Risk
Management and Recovery

About 1,800 technical personnel (including 500 aegr class) are engaged in road construction and
maintenance under DOR. DOR has no specializedgealiazard risk management and rehabilitation
response unit but provides design and construstigervision for slope protection measures based on
each DRO's experience. For this reason, it isejt taclearly express the technical level of cartdion

work that DOR can cover. Still, it can generalldicate whether measures can be taken depending on
the scale of the damage.

DOR can perform emergency earth removal to opedisraéter a geohazard event, construct mountain
retaining walls, build erosion control dams, ettthe event of damage, and carry out such taskseat
field level, and the equipment for this purposal$® available. DOR is also conducting site managgm
and detour construction to ensure general traffietg until restoration work is carried out.
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On the other hand, as shownTiable 3-15 DOR's ability to handle road geohazard eventsrdguire
advanced technology and high costs, such as lagje-slope failure and landslide restoration work,
anchor work, and slope construction, is limiteds Itlifficult to do it alone. For this reason, rasgh is
often outsourced to research institutions or exeerperts, or consultations are sought from foreig
support organizations. As equipment further detatés and road length increases, support for

strengthening equipment and capacity will beconenexore necessary.

Table 3-15 Capacity of Engineering Measures Works

DoR capacity
Category/ Grou Countermeasure Works i
e ? Collapse Landslide Debris Flow Bead carriageway
failures
CONTROL MEASURES
Cutting Adequate Adequate
removal Adequate
Earthwork Earthwork
Filling Adequate Adequate
Embankment Adequate
Hydro seeding Support needed Support needed Support needed Support needed
Vegetation Vegetation
Re-Vegetation Adequate Adequate Adequate Adequate
Drain Ditch Adequate Adequate Adequate Adequate
Surface Drainage
Cascade, Culverts Adequate Adequate Adequate
Horizontal Drain
Hole Support needed
Water Management | Subsurface Drainage | Sub surface drains Adequate Adequate Adequate
Horizontal Drilled
Drain Support needed Support needed
Stone PI'(.ChIng, Adequate
Water Way Stone riprap
Concrete Pitching Adequate
RESTRAINT MEASURES
Pitching Work Stone Pitching Adequate Adequate
Shotcrete (mortar) Support needed Support needed
Slope Work Shotcrete Work
Shotcrete (concrete) | Support needed Support needed
Frame Work Frame work Support needed Support needed Support needed Support needed
Soil Nail Support needed Support needed
Anchoring Anchoring Rock Bolt Support needed Support needed
Ground Anchor Support needed Support needed Support needed
Gab|orl/v\/;lrl\ll, Crib Adequate Adequate Adequate Adequate
Stone Pitching Wall Adequate Adequate Adequate
. Concrete Block Wall Adequate Adequate
Wall and Resisting Retaining Wall Cement Masonry
Structures Adequate Adequate
Wall
Frame Wall Support needed
Pile Wall Support needed
Catch Work Catch Concrete Wall Adequate
Steel Pipe Pile Support needed
Steel Pile
Pile Work Pile Work (H section) Support needed Support needed
Shaft Work or Bore Support needed
Pile
Protection Work Sabo (Check) Dam CheckDD;nrg (Sabo Adequate
ALT. WORK
Diversion, Bridge
and/or Tunnel SR SEEE
Realignment of Road Bridge, Culvert, Adequate
Causeway,
Route Relocation Adequate Adequate

Source: DOR
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3.2.5. Implementation Status of Engineering Measures Conaiction

Preventive maintenance in areas at high risk o fezards on the roadside is classified as Roadside
Maintenance because it is performed along roads. dt maintenance activity such as road slopes,
retaining walls, and planting to prevent possibilgks of damage to the road itself. Roadside
Maintenance accounts for about 18.5% of the tatalial budget for maintenance performed by DOR,
but it is insufficient for the demand. The increadridget and other measures, such as extending the
durability of road structures, may be necessarg foflowing are examples of engineering measures
works, by landslide type, implemented after thedrbas been restored.

Collapse: Frame works, networks, and bioengineesioiks are being constructed.

Slides: Ground/surface water works, and anchoriatksvare being implemented.

Flow: Check dams are being constructed.

Carriageway Collapse: In principle, the road shdaddestored to its original condition, but if
similar landslide risks remain, the road shoulddamnstructed by shifting its alignment.

3.2.6. Equipment for Road Geohazard Risk Management and Rmvery
(1) Ownership, Management and Maintenance System of Equment

Heavy equipment for road construction is manage®®R's Mechanical Branch through HED and
utilized by DOR personnel to perform Emergency Nemance. Nationwide, 572 pieces of heavy
equipment are deployed in the field or stored ghttHEDs. The total number of heavy vehicles is
shown inTable 3-16.

In addition to the heavy equipment stored at HEIBré is also heavy equipment in operation on each
roadway or temporarily stored along the highwapreparation for requests. The deployment status of
each type of heavy equipment is showrrigure 3-21 Most wheel loaders and backhoe loaders are
deployed on-site. Many other machines are on staimdthe HED.

Table 3-16 Total Number of Heavy Vehicles Owned bROR

S.N. Type of Equipment Total S.N. Type of Equipment Total
1 |Asphalt Plant 6 17 |Backhoe Loader 62
2 |Asphalt Paver 4 18 |Skid Steer Loader 4
3 |Bridge Inspection Machine 1 19 |Truck Mounted Pothole Patcher 1
4 |Chip Spreader 11 20 |Roller Three Wheel 24
5 |Crane Mobile 7 21 |Roller Pneumatic 29
6 |Dozer Track 9 22 |Roller Pedestrian Vibratory 24
7 |Bitumen Distributor 10 23 |Roller, Asphalt 8
8 |Hydraulic Hammer Drill 1 24 |Roller Vibratory, Self-prop 21
9 |Mini Dumper 11 25 |Simulator 2
10 |Excavator 50 26 |Crane Mounted Truck 13
11 |Mini-Excavator 6 27 |Flat Bed Truck 19
12 |Forklift Truck 4 28 |Tipper Truck 75
13 |Wheeled Excavator/Breaker 4 29 |Trailer, Tractor 18
14 |Long Reach Excavator 1 30 |Water Tanker 20
15 |Grader Motor 38 31 |Mobile Workshop 6
16 |Wheel Loader 82 32 |Street Sweeper 1

Total 572
Source: DOR
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Figure 3-21 Total Number of Heavy Vehicles Deployd8tandby on Site by Type of Vehicle

The sites of eight HEDs are shownFigure 3-22 The numbers in the figure represent the number of
heavy equipment owned by each HED (including thaler already deployed along the roads under
its responsibility); the HED located in the Min Bben district of Kathmandu has 47 heavy equipment,
which is the largest followed by Itahari HED andgdkyunj HED.

Table 3-17shows the total number, including field deploymesfteach HED and the total number of
standbys at the HED.

Map of Nepal

Source: DOR

Figure 3-22 Sites of Eight HED
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Table 3-17 Total Number of Heavy Vehicles of HED (ield Deployment/Standby, FY2023/24)

HED Itahari | HED Janakpur | HED Hetauda HED Ktm. HED Pokhara | HED Butwal [HED Nepalgunj| HED Godawari | No. of Total Eqipments

Description of
EUIRIEE Site |Std-by| Site |Std-by| Site |Std-by| Site [Std-by| Site [Std-by| Site |Std-by| Site |Std-by| Site |Std-by| Site |Std-by| Total

Backhoe Loader 7 2 1 2 6 7 6 1 2 9 2 4 2 37 14 51

Dozer Track 1 1 1 1 1 1 1 1 6 7

Excavator Track 6 2 3 4 4 3 2 1 4 3 3 4 1 15 25 40

Excavator Wheel 1 1 1 1 1 3 4

Wheel Loader 8 1 2 2 6 2 8 3 6 1 5 4 8 6 49 13 62

Air Compressor 2 0 2 2

Crane Mounted Truck 1 2 2 2 1 1 0 9 9

Flat Bed Truck 2 1 2 1 0 6 6

Mobile Crane 1 0 1 1

Tipper Truck 1 8 2 2 4 5 3 2 2 1 4 5 12 27 39

Transporter 0 4 1 2 3 2 4 1 1 3 1 20 21

Total| 16 23 6 9 8 13 19 28 18 10 7 23 23 13 19 7

116 | 126 | 242

Grand Total 39 15 21 47 28 30 36 26

Note: [Site] Total number of heavy equipment deptbyo facilities along the road
[Std-by] Total number of heavy equipment on stanatbHED's facility
Source: JICA Survey Team Based on DOR Information

(2) Collaboration and Division of Roles with the Privae Sector

DOR utilizes its equipment for emergency work sashsoil removal. On the other hand, permanent
work related to restoration and engineering measiareroad geohazard is often outsourced to private
contractors, and some private resources are ingalgkintarily, with or without a contract.

In Japan, about half of all construction equipmierdwned by leasing companies, but in Nepal, most
are owned by government organizations or privatesicaction companies.

DOR's heavy vehicles are primarily used for newdroanstruction and maintenance of existing roads,
but also rental the equipment to private contractluring periods of non-use. Conversely, DOR may
temporarily borrow equipment from private contrastfor emergency restoration.

(3) Interview Result about DOR's Needs for Heavy Equiprant Provision

In August 2023, the JICA Survey Team intervieweslttechanical Branch of DOR about its equipment
provision needs.

« DOR owns equipment made by HYUNDAI and DOOSAN fr8outh Korea, JCB from India,
and VOLVOs manufactured in India and China. DOR @w&ns equipment manufactured by
Kawasaki, but the manufacturer has ceased produatibackhoe loaders.

» DOR has a total of 572 number of heavy construaimquipment, of which 242 are deployed to
HED for road geohazard damage recovery.

» Every year, DOR auctions some equipment for maartea and renewal, and purchases about
the same number of new pieces of equipment. Asudtréhe total amount of equipment owned
by the DOR has remained almost the same eacham@dithe amount of equipment available
for geohazard restoration tends to be insuffictentdeal with the increasing number of road
geohazard events.

- Heavy equipment made by Japanese manufactureegasded as high-quality, and low-cost
from a long-term perspective. High durability ispartant because moving equipment long
distances for repair can lead to loss of operatiopportunities in the geohazard events. DOR
stated that Japanese manufacturers are more ecliadh those from other countries. The
following list of needs is presentedTable 3-18
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Table 3-18 DOR’s Needs of Heavy Equipment

No. | Heavy Equipment Capacity Quantity
1 Backhoe Loader 1.1#.oader 32
0.3 n®Backho

2 Wheel Loade 4.0n? 8

3 Mini Excavato 1t 1€

4 Transport Truc 251 5

5 Motor Grade 14 ft 8

6 Soil Compactc 121-144 5

Source: Mechanical Branch of DOR

The number of equipment requested from DOR is basdtie number of local HED and maintenance
offices. Since the geohazards damage sites chdirmpadime to time, the requested equipment sites ar
not assumed for specific areas or routes. EquipmNent to 4 in the needs list are general-purpose
equipment used mainly for emergency road clearirtbe damaged site. And No 5 and 6 are frequently
used for road construction. DOR is requesting tloeipion of the equipment for road construction in
addition to the equipment for recovery from damage.

3.2.7. Implementation Status of Training

Quality Research and Development Center (QRD@spansible for planning and implementing skill
development programs for DOR staff. QRDC includes Road Sector Skill Development Unit
(RSSDU) and the Study and Research Section (SRSh ¥ear, RSSDU organizes training for young
DOR engineers at the request of chapters within b@¢uding seminars, workshops, and on-demand
programs such as training in and out of Nepal.

In addition, the Mechanical Training Center in L@lir is the responsible organization to manageyheav
vehicles. It provides training to improve the capids of DOR's mechanical workers involved in
maintaining and operating heavy equipment. In éadito the ILO and UNDP, various international
aid agencies, including the WB/IDA, cooperate ttaliésh this mechanical training center. It also
involves consulting firms such as Crown Agents afjlend, SUMAC Consulting of Australia, and
Royal Haskoning DHV of the Netherlands to provideipment and materials. Since 2001, the training
center has also offered free training programsaim-DOR government agencies, non-governmental
organizations, and other interested individuals.

3.2.8. DOR's Future Policy on Road Landslide Management

In Nepal, traffic is increasing rapidly as the raaetwork expands, and the traffic volume is rapidly
increasing. The demand for heavy equipment is &sing, especially for damage recovery along the
NHO03 Mid Hill Highway and the roads running throuitje north-south axis. Therefore, the Mechanical
Branch is required to install equipment and stieagtits human resources to ensure that it cansuppl
adequate restoration equipment. The MechanicaldBraas developed the following plans to address
future challenges.

Prioritize deployment of equipment for post-roadhdge recovery work and increase
equipment.

Maintain heavy vehicles continuously.

Review of the scale and configuration of the equpin

Conduct HED and Maintenance Office workshops.

Implement a skills development program to trainvigegehicle operators and mechanics.
Proactive introduction of new technologies

Expansion of the scope of jurisdiction of the Mathbal Branch

In addition, DOR develops an Emergency Action Rtanh year to minimize the economic loss and
duration of road closures. The policy is to deplmwavy equipment, personnel, and construction
materials in areas with potential riskigure 3-22shows the emergency action plan prepared by DRO,
Bhaktapur. It shows the plan for road deploymerteldphone equipment, loaders, and excavators.
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Division Road Office, Bha ratpur: Em ergency Maintenance Action Plan
Telephone

Fipdmod o Kathmpandy Digtict

l. Loader
ﬂ Excavator
. alekhu Dhading Road (F34)
' Prithibi Highway (H04) Drading
F3401 196 . Ppimed o Kahmandu Digtéct _ _ _ __
Dhs
Km 37 Gakch
HO02 HO201

0% 208

Tribhuwan Highway (H02) —»] 17.11

HO213

Tanww Deatact
Chtwan Dt

Mugiing Bridge
L}

nd

"';'5':?3\ Ramnags ' Disirict Bdr Makwarpur District
. .

a 3.55

Tand: Manc bdr

= . 2 B
g = boes - - = '3 0
22 BN Sy 01 § 3 g =28
£0 X > 45 1{""-—.,,;;:, = (=3 = Ji= 0
Zosntau dimads o Ho T

T a0 94 167 208 a2z Lote
1] - b
3 E | 3 :
@ ™ bt 3]
_-:: 7 2 & Mahendra Highway (H01)
5 = £
! Division Road Office Camp |
Not 1o scaled 2l dmersons m Km Bhampur, DCEMEZOS

Source: DOR
Figure 3-23 Example of an Emergency Action Plan (D&, Bhaktapur)

3.2.9. Guidelines for Landslide

Several referencdocuments exist in Nepal, including technical papegports, and guidelines on road
slope issues. Geo-Environmental Social Unit (GERR 2007: Road-side Geotechnical Problems:
A Practical Guide to Their Solution, developed 002, describes how to act after a road landslide
damage, which is nhot mentioned in previous litaatu

Table 3-19 Major Literature Related to Slope Hazard and Their Applicability as Road
Geohazard Risk Management Guidelines

Name Issued by Year Summary and Applicability as Geohazard Response
Road-side DOR 2007 | The guideline provides a decision-making framewtok
Geotechnical dealing with geotechnical and slope problems based
Problems: A appropriate procedures, primarily for road engigegr the
Practical Guide DRO level. This guideline presents a three-stepblpro-
to their Solution solving process by 1) defining the problem, 2) eatihg and

analyzing the problem, and 3) presenting options |fo
applicable technical solutions, with support fro®® and
GESU
Landslide Risk | Scott Wilson | 2004 | It summarizes the landslide risk assessmermcefure,
Assessment in emphasizing geomorphological and geotechnical rersensing
the Rural and mapping. It also describes basic planning agtway
Access Sectt alignment for road engineers on local ro
Guide to Road | GESU/ 2003 | A joint compilation by DOR's DRO and GESU pdmes
Slope DOR guidance and recommendations for continued general
engineering maintenance of roadside slopes. Geohazard respisnset
measure coverec
Overseas Road | Traffic 1997 | General geotechnical and geotechnical elenoémt®untain
Note 16 Research road construction are summarized. Guidance is geavon
Laboratory, solution options such as slope design and proteetmrk but
TRL does not focus on field respor
Mountain Risk | ICIMOD 1991 | Extensive information on road enginegron mountain roads is
Engineering presented in two volumes. However, it is not edgedhat
Handbool engineers in the field can easily use it as a waykjuideline

Source: Road-side Geotechnical Problems A PracBioale to their Solution 2007
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3.2.10. Road Inspection
(1) Inspection of road landslide risk sites

DOR's GESU developed an input application for spiemhes and computers, the following site-specific
inspection format used by DRO, specified in DORjadr geohazard risk management guideline,
"Roadside Geotechnical Problems: A Practical Gua@heir Solution, June 2007." The app was
developed using the DOR budget and outsourced Nepalese information system company. The
purpose of developing the app is to inspect sitiéls landslide problems and determine whether they
can be dealt with simple non-structural and stmattoneasures and whether it is necessary to plan fu

scale structural measures.

Below are the titles of the inspection forms stonedhe Annex of "DOR/GESU 2007 Roadside
Geotechnical Problems: A Practical Guide to Theiufon, June 2007".

Annex A: Geotechnical Problem Definition

Al Site Definition

Al.1 Site Definition Data Sheet

Al.2 Site Definition - Decisions and Recommendation
A2 Slope Problems

A2.1 Slope Problem Data Sheet

A2.2 Slope Problem - Decisions

A2.3 Slope Problem - Actions

A3 Erosion Problems

A3.1 Erosion Problem Data Sheet

A3.2 Erosion Problem - Decisions and Actions

DRO staff inspect landslide risk sites by the far@sad the superior engineer approves the inspection
result. As of February 2024, the app is currenglglthg with minor issues, and no data has beemezhte
and no paper-based data has been collected. Theaappt digitize sketches recorded on paper but can
add that function if necessary.

The format has not been used since the Guide wasped in 2007. As of February 2024, DOR cannot
start using the app because there is no persommarform inspections or data input, and thereois n
budget, so it is necessary to train the person@RDnainly DRO. DOR has a department in charge of
staff training, but there is no budget for roaddgiide inspection training, so DOR is hoping foport
from JICA.

(2) Pavement/Road Structure Inspection

The following format from DOR's road geohazard nsknagement guideline, "Roadside Geotechnical
Problems: A Practical Guide to Their Solution, J20€7," are also not used. An input application is
planned to be developed to facilitate their use.

DOR plan to develop the following A4. Pavement Reois and A5. Structural Problems in the Future.

A4 Pavement Problems

A4.1 Pavement Problem Data Sheet

A4.2 Pavement Problem - Decisions and Actions
A5 Structural Problems

Ab.1 Structure Problem Data Sheet

A5.2 Structure Problem - Decisions and Actions

(3) Bridge inspection
DOR has already developed a bridge inspection eparately.

Bridge Management System (BMS): Data entry intoliidge register began in 2012, and by 2022,
data for 2,127 bridges have been entered. It hielseem updated since 2023.
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(http://bms.softavi.com/dashboard/guest_report) bi/0

Bridge Site Monitoring (BSM): Bridge inspection fos have a search function for inspection data since
2014, but no data has been stored.

(http://bsm.softwel.com.np/)

3.3. Status of Geohazard Risk Management Assistance Inteational Organizations and Other
Donors

Various donor agencies are actively supporting dbeernment of Nepal in road geohazard risk
management. The involvement of these diverse domantries in ongoing initiatives is described ia th
following sections:

3.3.1. WB

WB has supported the development of NH17 NagdhiNe#bise-Mugling Section (95 km) and NH17
Kamala-Dhalkebar-Pathlaiya Section (130km lengt¥. also assisted Narayanghat-Mugling with 36
km of road widening as Phase 1 which was complete&tD21. The works included several cutting
works and slope engineering measures. A landstidarced at the 17 km station from Narayanghat due
to river erosion, and engineering measures werngrkes, including 16 m depth concrete piles. At the
21 km station, the Mauri Bridge had a debris outfio 2022. The elimination of debris under the bed
was conducted after the debris flow event. Accaydiathe interviews with WB, although WB continues
to support these projects, there appears to leerkisistance to other donors providing additicuoglport

to address the remaining risks along the highway.

At present, WB operates the Strategic Road Conngctind Trade Improvement Project (SRCTIP),
from 2020~ currently being implementetbtal USD 450 million, which covers two separagetions
as presented below:

2N S AL | section: Nagdhunga - Naubise — Muglihg
o Rl BAGMATI 1

| (NH17)
Bharstper ] wb =y KATHMANDU - /| Road Length: 95 km
3 Naapghi: ' Pl (Divided into three packages)
o p— /7 Progress: Under construction (Scheduled
\‘“W-\\ ) from February 2023 to December 2
L g S .- Section: Kamala — Dhalkebar - Pathlaiya
Q"'\\%\ - < (NHO1)

"-.[_”' dkebar 'L_‘_

Y
U PROVINCE No. 2 Sageiias, | RO2d Length: 130 km .
\L-L P Progress: Under design, progress status is

as of March 202.
Source: Edited by JICA Survey Team based on therirdtion by WB
Figure 3-24 Target Sections and Progress of SRCTIP

Given the high geo-hazard risk, the project has loesigned to implement a comprehensive approach
mainstreaming resilience in the civil works and ih&titutional strengthening aspects of the project
Adaptation measures are summarized below.
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Table 3-20 Project Components and Response to CliteaChange

Components

Adaptation Measures

Component 1. Trade Facilitation

Provision
training,

Sub-component
equipment  and

(a):

target of achieving internation
accreditation in selected parameters

an
construction and/or renovation of g
buildings at key border sites with t

bfCross-border facilities will be designed considgrilimate risks
d(earthquakes). In addition, the design of the 4nbdccess road wil
bintegrate climate resilient features, in particudmpe protectior
aneasures and drainage reinforcement where needed.

Al

Component 2: Regional Road Conne

ctivity Improvement

Sub-component (a): Improvement of t

(NNM) road to a two-lane standard wi
one-meter paved shoulders

existing Nagdhunga-Naubise-Muglin

h&his subcomponent will support the adoption of aegring
gneasures to improve the climate resilience of theidor section.

tiGreen and resilient technology has been mainstréamtbe design
and will be strictly applied during constructiondamaintenance. Al
roadsides and water crossing sites will be providetbquate
drainage facilities and bioengineering solutions the highest
resilience standard possible.

Kamala-Dhalkebar-Pathlaiya
road from two lanes to four lanes.

Sub-component (b): Upgrading of tt
(KDH

néhis subcomponent will similarly support the adopti of
Jengineering measures to improve the climate resiieof the
corridor section. Green and resilient technologys hbeen
mainstreamed in the design and will be strictly legop during
construction and maintenance. All roadsides anémabssing sites
will be provided adequate drainage facilities andehgineering
solutions to the highest resilience standard ptessib

Sub-component (c): Implementation

program will include support fo
enhanced enforcement of traffic rul
and post-crash response.

a safe corridor demonstration progra
covering a length of 250-300 km of thesignage for landslide and flooding risks, and actin case of
Strategic Road Network (NH) includin
the NNM and KDP roads, for which th

oContingency planning is critical to help build tesice. This
nsubcomponent will thus support both preventionghwvarning

gemergency/major road geohazards, with the estabdéish of
eemergency response crews to clear landslide bleckagscue
r victims, and repair damaged spots.

es
Contingency measures will be implemented alongtbposed Safe

Corridor Demonstration Program (SCDP) roads. Illudes ICT-
based measures to support communication messagesngit
variable message signs (VMS) systems/strategy ttsvdre road
users before (based on weather forecasts wherbfgsand during
geohazard events.

Source: WB (SRCTIP)

Disaster management supported by WB apart from $RE&STshown below.

Strengthening Resilience to Geohazards in TranspdttWB GFDRR held the Second Annual South-
to-South Learning Workshop on Strengthening Resikketo Geohazards in Transport in November
gy was shamgarding the Geohazard Risk Assessment for Banepa
(Dhulikhel)-Sindhuli-Bardibas Road, provided by dajs grant aid. In addition, an action plan was
developed to pilot the Road Geohazard Risk Managehendbook drafted by WD GFDRR with DOR,
the Department of Water Induced Disaster Managefi3miDM) at the time, and the Department of

2017. During this session, technolo

Local Infrastructure Development & Agricultural Risa(DoLIDAR) at the time.

9 https://documentsi.worldbank.org/cu

rated/zh/53627089370922/pdf/126508-WP-P160578-PUBLIC-

Nepal-v17-SP.pdf

71



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

Mitigating Geohazard Risk to Help Save Lives in Neal!?: Supported the establishment of a
geohazard early warning unit under the National fgexecy Operation Center of NDRRMA. The

Geohazard early warning unit disseminates landslat@ing information via social media such as SMS,
TV, etc.

The Green, Resilient, and Inclusive Development (GR) % The Government of Nepal signed the

Katmandu Declaration on GRID in 2021, supported\y. Sixteen development partners, including
ADB, ICIMOD, and UN Nepal, participated, and USDBidion in ongoing and future support has been
identified. The GRID strategic action plan includ&sansition 2: Disaster Risk Management,

Preparedness, and Social Protection: Build an eetying system, layer disaster risk financing, and
enhance social protection systems to make thermkstesponsive. Transition 4: Resilient Roads and
Sustainable Transport; Resilient roads, includingotgchnical, biophysical, hydrological, and

metrological and engineering input in design, inwercesidence planning at the network level, plan fo
redundancies and promote landscape-level and Aa&sex] solutions.

3.3.2. ADB
(1) South Asia Subregional Economic Cooperation

The East-West Corridors' From 2019 to 2022, the project cost: USD256 onillimainly bridge on
the NHO1 East-West Highway were renewed and maiathin cooperation with the WB.

Mugling-Pokhara Highway Improvement Phase 1 Projecf: Implemented in May 2021, the project
cost: USD195.5 million, funding for the NH17 4-lasepansion project between Mugling and Pokhara
(however, the 8km section west of Mugling is nafiiled in project). The 88.33km road development
project from Aambukairani to Pokhara has alreadytsti, and the remaining 8.256km is in the
procurement stage.

(2) Disaster Management Technical Assistances
ADB projects that include technical assistancedfeaster management are listed below.

Rural Connectivity Improvement Project!: In progress since 2017, project cost: USD101amillihis
project supports the construction of rural roadsiépal, including slope protection measures tocedu
the risk of landslides.

Strengthening Capacity for Livable and Resilient Clies'®: Currently being implemented from July
10, 2023, to May 31, 2027, Project cost: USD 3.8ioni, this project supports developing climate-
resilient infrastructure in Nepal, including slgp®tection measures.

ADB is developing a report for the proposed NatloHgghway Network (NHN) Expansion Plan
prepared under the Technical Assistance projecstét Plan for Road Connectivity. The objectives of
the technical assistance are to support Nepakid&velopment of a road masterplan and, in paaticul
(i) development of the National Highway Network (NHexpansion plan, (ii) preparation of the Priority
Investment Plan (PIP) for 2023-2033.

10 https://blogs.worldbank.org/en/endpovertyinsoutiasitigating-geohazard-risk-help-save-lives-nepal

11 https://thedocs.worldbank.org/en/doc/5f3ac1d71938388da942caealldac-0310012023/original/GRID-
Flyer-Nepal.pdf

12 https://iwww.adb.org/sites/default/files/publicatibB9827/nep-sasec-road-connectivity-project-braf.p

13 https://www.adb.org/projects/52097-002/main

14 https://www.adb.org/projects/48218-003/main

15 https://www.adb.org/projects/57058-001/main
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3.3.3. The Swiss Agency for Development and Cooperation &)
SDC is implementing the following projects for disar management.

The Integrated Watershed Management Project in theSindhupalchok District: This project is
helping to improve the management of the Sindhinmdavatershed by investing in slope protection
measures, improving drainage systems, and promstisiginable land use practices.

The Landslide Risk Management Project in the Gorkhadistrict: This project is helping to reduce
the risk of landslides in the Gorkha district byesgthening the country's early warning system,
improving slope stabilization measures, and raisiwgreness of landslide risks among the public.

The Community-Based Natural Resource Management Pject in the Rasuwa district This project

is helping to improve the management of naturadueses in the Rasuwa district by investing in slope
protection measures, promoting sustainable langresgtices, and raising awareness of environmental
issues among the public.

The Siddhababa Tunnel Project:the rockfall Hazard along the Siddhababa SectioSidéihartha
Highway (NH 47) design is assisted by SDC.

These projects are funded by the SOimate Change and DRRprogram. The program is committed
to helping Nepal reduce its vulnerability to climathange and disasters and improve the safetg of it
people.

3.4. Review of Technical Cooperation, ODA Loan, and GrahAid Projects Related to Disaster
or Road Geohazard Risk Reduction
3.4.1. Grant Aid “Slope Engineering Measures on Sindhuli Rad” in Nepal

A Summary of the project is shownTiable 3-21

Table 3-21 Summary of Rehabilitation of Sindhuli Rad Affected by Earthquake

Summary

Project Name The Project for the Rehabilitatioiswfdhuli Road Affected by Earthquake
Project Period October, 2018~February, 2021
Project Section Nepal, Sindhuli road (NH13, 3 sites of Sindhuli Baz Khurkot section, two

places of Khurkot — Nepalthok section)
Project Cost 1,047 million JPY
Summary of| Landslide protection works at five sites on thedratamaged by the 7.8
Construction magnitude earthquake that occurred on April 255201

Source: JICA Survey Team

Sindhuli Bazar - Khurkot section Sta. 17+400 is ghie where the slope collapse occurred. The slope
surface tensioning work using mortar, stones, aimdarcing bars had been constructed adjacentto th
road on this slope. Still, the 2015 earthquake neédieminor cracks in the slope protection work, and
there were concerns that the road body would cedl@ue to deterioration of the slope protectiorkwor
Therefore, the "slope work + anchor work™" and "slepork + rock bolt work," which have a proven
track record in Japan, were applied as methods ligth strength and durability against large-scale
slope collapse. In addition, "high-strength nettingock bolting” was used to prevent erosion on the
side and lower slopes, where there were conceatgttd extent of collapse would increase.
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Table 3-22shows a summary of the slope stabilization works.
Table 3-22 Sindhuli Bazar - Khurkot Sta.17+400 Summry of Slope Stabilization Works

Works

Detail of Slope Stabilization Works

Frame works + Ground anchors

Frame works 1,2702, height/ width 50ci

158 Ground anchors, total length of ground ancth88¥m
(Average length approx.20

Frame works +

Frame works 10622, Height/ width 30cr

Rock bolts 300 Rock holts, length 3
High-intensity slope protection nets+ High-intensity slope protection nets, 2800m
Rock bolt: 300 Rock bolts, length 3
Scaffolding Scaffolding by singl-pipe

Bioengineerin

1352 sandbags with see

Gabion retaining we

Gabion 34513

Pavement wor}

Asphalt pavement 41¢?

Source: JICA Survey Team

Frame works + §
Ground anchors

| Frame works + [ WA\
i  Rock bolts P

Source: JICA Survey Team

Hi-intensity slope protection
nets + Rock bolts

Figure 3-25 Engineering Measures at Sta.17+400 inr@huli Bazar - Khurkot
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Before Construction

After Construction

Date of shooting: May 3, 2017, whole view:
Situation befor project implementation

Date of shooting: May 3, 2017; frame works +
ground anchors construction: Situation before
project implementation

: (- !'ﬁ ﬁif i P Tl -
Date of shooting: May 3, 2017, frame works +
ground anchor construction (from below): Situation
before project implementation

Date of shoting: January 29, 2022, full view:
Situation after completion

Date of shooting: January 29, 022; frame works +
ground anchors: Status after completion

Date 0 shotin: January 9, 2022, frame works +
ground anchor construction (from below): Status
after completion

Source: JICA Survey Team

Figure 3-26 Before and After Construction of Engineering Measures
at Sta.17+400 in Sindhuli Bazar - Khurkot
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Table 3-23shows the advantages of the applied slope staimwliizangineering measures compared to
concrete and stone lining and concrete shotcretih t&nsioning and concrete shotcrete are effewtive
preventing erosion, but they do not deter surfatiase.

Table 3-23 Advantages of Adopted Slope Stability Ejineering Measures
Type of Slope
Engineering Advantages
Measures
Frame works To deter surface collapse to some exten
An uneven slope surface is less likely to becomeakwatructural points, and the frame
works can be adjustable and constructed withdiridila certain degree of unevenness of
the slope surface. It reduces the soil requiredsfope preparation by cutting it before
construction.
The frame adheres well to the ground and is registascouring during heavy rains.
The greening of the inside of the frame is possid is highly harmonized with the
natural environmer
High-intensity | Protected from rock falling.
slope protection | Suitable for construction in high places becauseds not require large equipment.
nets Because of the simplicity of construction, eventio@ mountainside slopes of roads,|in
many cases, construction can be done withoutdredfintrol, using only simple protectign
facilities such as barricades.
CO? emissions in comparison with concrete structures lpa significantly reduced.
Because cement generates large amounts 8fddfing its manufacturing process, and
this method does not require foundation excavatiod soil disposal transportation,
resulting in it can be reduced the Ténission.
The entire area to be treated can be greened, @ absorption can be expect
Ground ancho' | To deter landslides deeper than
Rock bolts Adding or reinforcing the surface coflapprevention by attaching to slopes and high-
strength net
Source: JICA Survey Team

The features of the areas where slope engineergagunes were implemented are as follows:

e This area's slope is steep and uneven, and thegyeisl weathered and fractured due to a
derived fault.

« Anchor and rock bolt works were constructed usemgporary scaffolding to cope with the
steep terrain, and the frame work that could bastdple for the uneven slope surface was
adopted for areas where the frame work could ngtideed due to large uneven slope
surfaces, manual excavation, and concrete padding used.

« The high-intensity netting can be installed witpework because the drilling machine is
lightweight, and ropework was used in this area.

Frame works, anchor works, rock bolting, and higiemsity netting have been used in similar steep
terrain conditions and fragile geological condigan Japan and can be adapted to similar conditions
Nepal.

The procurement method of materials for the adoptegineering measures method is summarized in
Table 3-24 The workability and durability are the advantagédapanese products.
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Table 3-24 Procurement Method of Materials Used foElope engineering measures

Materials Import Source Description
Ground anchors Japan Products with double corropiatection are only made in
Japar

Rock bolts Japan The threaded joint deformed beeils only made in Japan (it is
possible to tighten the lock nut on the front arad lexcellent
workability)

Frame work Japan The product that includes a sirfiplme work and is easily
adjustable for uneven slope surfaces is only madapar

Wire mesh Japan A diamond-shaped wire mesh suitaladjust for uneven slope
surfaces is used (recently, it is also availabldépal)

High-intensity slope Japan At that time, high-strength nets were onlydenan Japar
protection net (recently, French and Italian products have alsmtaesailable in
Nepal)

Single pipe India Since it will be used in largeaqgtities, it was decided to use
Indian-made products, which have a low total costluding
transportation costs (there is the disadvantageeofg heavier
than Japane-made products

Source: JICA Survey Team

The local contractor has worked as a subcontrdotodapanese contractors for many years in the
Sindhuli road construction project. The technologysfer to the foreman class workers is beingezrr
out reliably, and the instructions from the foremarthe local workers are being given appropriately
The technical level and safety management abitigyhigh.

Nepalese people are highly adaptable to slope vespecially rope work (sdggure 3-27). Initially,

they were afraid of ropes. However, once they wtded that ropes are reliable (cannot be cut), they
could perform tasks like Japanese skilled workatdough there were individual differences. As
mentioned in the above section, if proper guidaraemanagement are provided, the quality and safety
of Nepalese workers can be ensured.

Construction status of high-intensity slope Work status of slope work using ropework
protection nets work + rock bolt work.

Source: JICA Survey Team
Figure 3-27 Implementation Status of Slope Proteatn Work by Nepalese Worker
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In Japan, local workers have several safety measoiprevent accidents. These include safety nmgeetin
toolbox talks, and training sessions. By followitiggse safety measures, even the most challenging
projects can be completed without incident. ItaBdved that repeatedly learning about safety tbjes,
precautions, and accident cases can instill aysafgtiure among employees.

D'r". ]

Safety Meeting S Training Status of Ropework Workers

Source: JICA Survey Team
Figure 3-28 Safety Management Status

Based on the above, slope works, anchor works,bolting, and high-strength netting are evaluated a
recommended technologies that can be applied imlNep

Findings from this project and responses incluégfoiowing.

* Frame work and high-intensity slope protection rets useful in Nepal. It is considered
possible for Nepalese contractors to perform thekwrough training, and the technology
dissemination is recommendable. Small-scale cadlggene slopes are recommended to adopt
the simple frame work, although it is less stalsled to use it as a starting point for its
widespread.

e Although not all of the frame work, ground anchack bolting, and high-intensity slope
protection nets are Japanese technologies, itessary to publicize the superiority of Japanese
products in terms of workability and durability atitat they contribute to a reduction of
construction and maintenance costs. However, Japgreducts are not usually selected based
on comparisons of equipment and material costs diigrefore, it is necessary to promote that
Japanese products contribute to reducing maintenaosts. It is desirable to specify
performance and quality requirements in procurergpatifications so that products of inferior
quality and workability are not adopted in procgrontractors and equipment.

< In this case, the local contractor, the first-Babcontractor in Nepal, had good technical and
safety management skills at the highest level ipdNeCareful selection of the contractor is
necessary.

* The risk of accidents in slope construction is higihd safety meetings and toolbox meetings
(TBMs, pre-work meetings) must be well conducted.

e Training in special operations on steep slopetss essential.

« Aself-registering weather meter should be insthiltethe construction management field office
to visually determine from a safe site whether éhare any slope anomalies, such as work
stoppage due to rainfall before work resumes.
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3.4.2. Technical Cooperation, Technical Development, etc.

(1) Technical Cooperation Nepal "The Project for Constuction of a Water Induced Disaster
Prevention Technical Center (DPTC)” in Nepal

A summary of the project is shownTiable 3-25

Table 3-25 Summary of Technical Cooperation “The Project for @nstruction of a Water
Induced Disaster Prevention Technical Center (DPTC)

Summary
Project The Project for Construction of a Water InducedaBisr Prevention Technical Center (DPTC)
Name
Project October 1991 - March 1999
Perioc

Project Total JPY6.33billion (Equipment hand over JPY3.9iidm, Local activity JPY2.38
Cost billion)

Support | Research, testing, training, and database develdpmatated to erosion contrd
Summar | landslides, and rive

Expert: Long-term experts 16persons, Sl-term experts 66 persc
Number of| 37 persons
Trainee

Source: JICA Survey Team

This project is a technical cooperation with thev&ament of Nepal's Disaster Prevention Technical
Center (DPTC) as a counterpart(C/P).

DPTC has conducted many studies and research thitbiggtechnical cooperation, trial construction,
training, and database formulation as a techniater in flood and sediment control.

DPTC, through the Department of Water Induced Disdarevention/Management (DWIDP/ DWIDM),
is transitioning the Flood Control Division to DH&d DWRI and the Sediment Control Division to
DWRI. The disaster database has been transferrstDtdA. Disaster awareness and education have
been transferred to NDRRMA. The results of the méadd cooperation have been transferred to the 10-
member Water Hazard Management Division within DVERd the 3-member Landslide Management
Section within the Groundwater and Geology DivisiWRI is cooperating with NDRRMA for
disaster awareness and education. The resulte aéthnical cooperation have been also handed over
to the four members of the Flood Forecasting Divisiithin the DHM, which implements awareness
programs on flood forecasting, early warning, dadd-avoidance development. Although the Nepalese
government has changed its structure, the techmiatdrials prepared in this project have beerzetili

in the disaster management administration in Negral,the activities are continuing.

Debris flow control works were carried out in threson control field model areas. We visited one of

these districts, the Nall Khola area, guided by @B members at the time. Although the engineering
measures are functioning, the structures must fresl and reinforced. It is considered necessary t

establish a system in which DWRI provides techngadance for the maintenance of small-scale

engineering measures to disaster in such aread basequests from local governments and funded by
local government budgets.

Nallu Khola (Gabion Check-dam) Constructed in 2003

14 check dams were installed to control soil emesMost are functioning properly, but one dam is
leaning and will likely collapse. Foundation erasis possible cause. Possible engineenngasures
include filling the eroded portion with cobblestdiiked with mortal, or soil cement. The gabion ®ir

in the water passage was also partially corrodesthdJa high zinc plating wire is necessary for the
gabion wire in the water passage. At the check diathe upstream side, leveling concrete was applied
to the paddy field tapping part, functioning effeely.
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The situation of the downstream check dam. Thé&nlargement of the drainage part. The gabion wire

sediment prevention function is maintained. has corroded and partially disappeared.

£ F i s HOREE e L 4 S S
The status of the upstream check dam. It is| Leveling concert of the water passage part. Wear,
sedimented, and the sediment runoff prevention etc., is not recognized.

function is maintained.

Source: JICA Survey Team
Figure 3-29 Nallu Khola Field Survey Photo

(2) Development of Erosion Control and Landslide Invesgation Technology using Remote
Sensing

A summary of the project is shownTable 3-26

Table 3-26 Summary of Development of Erosion Control and Landiéde Investigation
Technology using Remote Sensing

Summary
Project . o . .
Name Development of erosion control and landslide ingeston technology using remote sensing
Project
Perioc Reported on March 1996
Support In response to the June 1993 landslide in the Rater in the Siwalik region, Japanese expert
S PP used satellite remote sensing technology and gpbigranformation systems to understand the
ummary Lo )
actual situation of ground erosion and landsl
Expert: Japan Society of Erosion Control Enginee

Source: JICA Survey Team

This research was part of the “Flood Control anlkdoSBechnology Center Project.” An erosion model
was created using aerial photographs, helicoptetoghaphs, field reconnaissance data, and satellite
remote sensing data obtained from DPTC. The Japaiet$ for Erosion Control includes university
officials and private consultants.
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This research was a major achievement at the #em@jng as a technical document that sounded the
alarm about the increasing number of farmers livanghe mountainsides, causing deforestation and
erosion of mountains. As a lesson learned, althaugltollaborated with DPTC in data acquisition,
creating a manual for the analysis method becaniesaer for the future.

(3) Technical Cooperation “Disaster Mitigation Support Program Project” in Nepal
A summary of the project is shownTiable 3-27

Table 3-27 Summary of Technical Cooperation NepalDisaster Mitigation Support Program

Project”
Summary

Project Nam | Disaster Mitigation SuppoProgranme Projec
PrOJ.eCt September 1999 - August, 2004
Perioc

Improving awareness of local disaster preventiordé&yeloping low-cost disaster preventipn
Support ; . s ’ . o .

methods tailored to regional characteristics araimating community-participatory disaster
Summary ; o :

prevention activities and educati
Project Cos | Equipment hand of JPY0.92 billi
Expert: Long-term experts: 14 persons; Short-term experts: 40 persc
Number  of

. 26 persons

Trainee

Source: JICA Survey Team

This project is a technical cooperation carried with the Department of Water-Induced Disaster
Prevention (DWIDP), a successor agency of DPT@, @4

The results of this technical cooperation of depalent of low-cost engineering measures to disaster
tailored to regional characteristics and disast@nagement activities with community participatioa a
currently being passed on to DWRI. They are bearged out in the guidance on low-cost engineering
measures in response to the requests of local goeatt. Currently, NDRRMA is the implementation
body for raising awareness of local disaster mamagée through promoting community-participatory
disaster management activities and education, &RIDs providing technical cooperation.

One of the successful lessons learned from thelityatb obtain sufficient funds for engineering
measures is that the development of low-cost ergimg measures for disaster was made possible by
allowing residents to participate.

To strengthen the disaster recovery system, DWH3Pthe secretariat of the Disaster Investigation
Committee, which is made up of eight related orgations, has created a system to select model areas
from among disaster recovery candidate sites réggiey related organizations and local governments.
A system has been established to advise residemtisaster prevention and mitigation. These cam als
be cited as fruitful lessons. NDRRMA is currentiking over the aggregation of disaster recovery
requests.

DWIDP has experience in implementing disaster régkuction projects by forming projects based on
the results of this project at the request of tRDegarding road geohazard risk reduction, engimge
measures for debris flow for road-crossing moungtieams, and roadside river erosion. DWRI has
taken over this function, and new projects are etqueto be implemented.

Two engineering measures were implemented to ghoe-landslides, and flow-type landslides
including debris flow, mainly using gabion, and dngineering in this technical cooperation project.
The JICA Survey Team conducted field inspectiorthertwo sites of engineering measures conducted
in 2003 with the two former C/P members of the @ctjand the effects and challenges lesson learned
of the engineering measures were extracted.
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Dahachok (Bioengineering Work + Check Dam by GabionConstructed in 2003

The valley was deep and overgrown with bioengimggrso it was impossible to confirm the facilities'
condition directly. However, according to an iniew survey of the residents, no soil erosion hasbe
observed since the construction, and the engirgengasures are said to be effective.

Soil cement was used to improve the subgrade t@epterosion of the gabion retaining wall. It can b
assumed that this had a positive effect. In aduitioe area where bioengineering work is succdgsful
grown, and no erosion was found. It was confirnted the bioengineering work was effective.

Dhapakhel (Check Dam with Gabion) Constructed in 203

Two check dams were constructed in the area toeptesediment runoff. Sediment has accumulated
upstream of the check dams, and it is evaluatddtibgurpose of preventing sediment runoff hasibee
achieved. However, the gabion wire is rusty, and lpas disappeared. Therefore, paying attention to
the material selection and the amount of zinc péatised for rust prevention for long-term perforgen
maintenance is necessary. In addition, the froohdation part of the check dam is eroding. It is
necessary to consider erosion prevention work.

Expansion of the upstream check dam. Gabign
wires are corroded and partially missing.

-

Downstream check dam situation. The front| Downstream check dam situation. Gabion wirgs
foundation is eroded. are corroded and partially missing.

Source: JICA Survey Team
Figure 3-30 Dhapakhel Field Survey Phots
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(4) The Study on Disaster Risk Management for Narayangit Mugling Highway
A summary of the project is shownTiable 3-28

Table 3-28 Summary of “The Study on Disaster Risk Mnagement for Narayanghat Mugling
Highway”

Summary
Project Name The Study on Disaster Risk ManagemoeNarayanghat Mugling Highway

Project Period September 2007 - February, 2009

Support JPY120 million (consultant contract)

Expenditures

Support Formulation of a disaster prevention managemem e the Narayanghat-Mugling
Summary Highway that was affected by the torrential rainsJaly 30, 2003

Experts Shorterm experts: 14 persons; Short-term experts: 40 persons

Source: JICA Survey Team

This study clarified the risk of road landslideghe study area, formulated an essential strawgysk
management, and confirmed the validity of landséidgineering measures projects based on the basic
strategy. The study team transferred technologykemmdviedge and provided engineering measures
guides to the C/Ps, the Department of Water-indiiedster Protection (DWIDP) of the Ministry of
Water Resources, and the then DOR, Ministry of Rlay$lanning and Works (ministry hame now
changed into MOPIT) at that time.

A steering committee chaired by the Under Secreadhitige Ministry of Water Resources and composed
of DWIDP, DOR, WB, ADB, etc., was held at the stand end of the study. The study policy was
approved at the beginning, and the basic strategyadopted at the end of the study.

DWIDP and DOR each selected five engineers as&afifd inembers.

A technical working group of nine C/P members asdighe steering committee. The team worked
collaboratively with Japanese experts, and fadade- discussions were influential in advancing
technical cooperation.

Investigations under the above structure strengithethe DOR and DWIDP (currently DWRI)
collaborative relationship regarding road DRR. étsveonfirmed that DWIDP will support DOR's DRR
project or will be the project owner for road dskitow engineering measures for areas beyond 25 m
from the center of the road, riverbank protectiosasures on the river side of the road, and larelslid
engineering measures. DWIDP carried out road DRiepts on Narayanghat Mugling Highway and
Sindhuri Road as a project entity, and the resflthis technical cooperation were put to good use.
Flood control and erosion control technology hasnbdeanded down from DWIDP to DWRI, and there
is a need to promote collaboration between DWRIROXR.

A risk assessment survey was conducted at 305 alibegy the road (134 mountainside slopes, 78
mountain stream crossings, and 93 riverside slopé&g) risk was calculated using the annual potentia
loss amount as a quantitative index. This caloutathethod was later used in other JICA projects and
incorporated into the Road Geohazard Risk Manageht@ndbook (WB GFDRR 2020).

Based on this method, an analyst can conduct aeffesttiveness analysis of risk reduction measures
for road landslides using NPV, an index of the @ffeness of road landslide risk reduction measures
It is believed that an analysis will provide a betexplanation for selecting priority projects for
landslides.

DOR has since used the results of this study toorgpthe safety of the route by implementing laiais|
engineering measures as part of the road repagegdnwith WB funding. There are still some techtiica
complex areas regarding remaining risks, and Jsygapport is necessary to reduce risks efficiently.
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Landslide risk management education, including eaaon drills and simple soil preservation work,
was conducted as a pilot to preserve both the anddfarmland on the upper slope of the road in the
village for residents in Kabilash village along tiarayanghat-Mugling Highway (18 people died and
69 houses collapsed due to heavy rains in 2008)ddlale risk management education was carried out
at the elementary school and was widely recognidiéiun the village. As a village leader, we learned
that it is adequate to discuss landslide risk memagnt policy with teachers and spread geohazded ris
reduction education through classes and villagetsverhe construction work to prevent sediment
runoff was also accomplished by procuring matengisg the village's budget and carrying out the
construction work by villagers. This experience hasn passed down from DWIDP to DWRI.

(5) Technical Cooperation Nepal “The Project for the Ogration and Maintenance of Sindhuli
Road”

A summary of the project is shownTiable 3-29

Table 3-29 Summary of Technical Cooperation Nepédlhe Project for the Operation and
Maintenance of Sindhuli Road”

Iltem Summary
Project Nam The Project for the Operation and Maintenance pflili Roas
Project Perio Decembe 2011- Januar 201¢€
Project Cos JPY646million (consultant contrac

Assistance to the DOR and DWIDP to strengthen tbeieration and maintenance
Support Summary| capabilities, including implementing landslide evegring measures such as rgad
restoratior

Expert: Shor-term experts: 16 persons, Sk-term experts: 95.9 persc-month:
Number of Traine | Nine persor

Source: JICA Survey Team

The experts supported the strengthening of the @DEhe Ministry of Public Infrastructure and
Transport (MOPIT) and the DWIDP of the Ministry bfigation (MOI) at the time by providing

operational and maintenance management skillsudimay how to implement slope engineering
measures and landslide engineering measures suchdagestoration.

In the project, it is agreed that DOR would cargy landslide engineering measures works for road
landslides within 25 m of road right-of-way widtdmd if the width exceeded that, DWIDP would carry
out landslide engineering measures works. Thisibolative relationship continues between the ctirren
DOR and DWRI. It is necessary to encourage the ptiom of actual project development.

Road landslide engineering measures were implemieate35 sites within the project. DOR
implemented measures against collapse, rockfal ewllapse, and the 2015 large-scale earthquake,
while DWIDP implemented measures against debngd]dandslides, and river erosion. Of these, DOR
was in charge of 26 sites (15 with JICA funds afidvith DOR funds), and DWIDP was in the order
of 9 sites (3 with JICA funds and 6 with DWIDP fu@)d

The following are the challenges and lessons lelfram this project regarding implementing road
landslide risk reduction works.

Immediately after the river revetment and riverpeatection work began, strong requests were redeive
from the local community regarding the problem mfston of farmland on the opposite bank. DWIDP
agreed to undertake the engineering measures lsirffgnds and carried them out. This incident
indicates the importance of sufficient attentiorbéopaid to local explanations and consensus bgildi
from the planning stage to prevent from major disputh local communities after the commencement
of the construction work. River engineering meastoe road erosion protection also involve rivetban
erosion and water use issues such as irrigatiotinesourrent participation of DWRI is essential.

The project has a track record of horizontal arglfor water drainage during landslide preventiamky

to a depth of 50m using a small excavator thatbeaoarried out in Nepal to avoid cutting down trees
In this way, construction methods and the use ddlissized equipment should be considered to
minimize the amount of felling required during ctvastion.
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(6) Technical Cooperation “Project for Capacity Developnent on Flood Control for Disaster
Risk Reduction in Sunsari and Morang Districts” in Nepal

A summary of the project is shownTiable 3-3Q

Table 3-30 Summary of Technical Cooperation Nep&Project for Capacity Development on
Flood Control for Disaster Risk Reduction in Sunsarand Morang Districts”

Summary
Project Project for Capacity Development on Flood Contoyl Disaster Risk Reduction in Sunsari
Name and Morang Districts
Project January 2024 — ongoing
Perioc
Support Support to the DWRI of the Ministry of Energy, WaResources and Irrigation (MOEWRI)

in developing flood control plans and projects tbantribute to risk reduction for flood
disasters and istrengthenin project implementation capac
Experts Approximate 46 person-months

Summary

The project targets three river watersheds (Keahaiver, Singhiya River, and Lohandra River) in
Sunsari and Morang Divisions. These objectives are:

* Facilitate the preparation of hazard and risk nfapfooding

» Facilitate the development of flood control plaosffood risk reduction through engineering and
non-engineering measures

« Facilitate investment in disaster risk reductionifoplementing flood control plans

e Establish a mechanism to conduct planning, impleatim, and maintenance of flood control
projects, including coordination among related agen

« Develop flood control plans and projects that dbaote to risk reduction in the river watersheds
covered by the DWRI/MOEWRI

»  Strengthen the capacity to implement projects

*  Contribute to risk reduction for future flood amdegrated community development

In the river watersheds targeted by this projdchas been confirmed that the bridge has caused a
reduction in flow capacity at the time of the bed®WRI, the C/P of this project, needs to moretod
coordinate road and bridge construction projectthhasnain management agency. It will acquire the
authority and capacity to coordinate and constth woad managers and other relevant agenciesdor th
effective implementation of the flood control plan.

3.4.3. ODA loan "Nagdhunga Tunnel Construction Project” in Nepal

It is a tunnel construction project under constomcin Nepal. A summary of the project is shownable
3-31
Table 3-31 Summary of ODA Loan Project “Nagdhungalunnel Construction Project”

Summary
Project Nam Nagdhunga Tunnel Construction Pro
Project Perio Decembe 2016, Ongoin
Project Sectio Nagdhunga Pass (Kathmar- Naubise
Provision Amour | JPY1¢.636billion
Summary of| Tunnel Construction, access, and bridge constmuctio
Construction Tollgate, Management Office, Mic-na-eki construction, utility constructis

Source: JICA Survey Team

Procurement of most materials for constructiorna Mepalese domestic market with a few exceptiamd,
the cement produced in Nepal is of good qualitye Timin imported materials are H steel (Thailand),
explosives and diesel oil (India), and geotex#limforcement (Japan).

The challenges and lessons learned from the sudetgiled design, bidding, and construction stages
of projects in Nepal were as follows.
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[Detailed design]

To determine the support pattern for the tunnelyas necessary to conduct a seismic wave survey.
However, using explosives required time to obtajpeemit for the use of explosives from the Nepal
Army and to obtain an agreement for the particgratif the Nepal Army. It resulted in a delay in the
survey. The client government should select stdkiein® appropriately before starting the survey and
forming a consensus.

[Tender and bidding]

The consultant who conducted the preparatory surgegsidered utilizing Japanese technology by
adopting AGF (All Ground Fastening Method: smalsdieter long-length steel pipe pre-receiving
work). However, there are similar construction noelhin other countries, and it was difficult to kxp

to the client government that there is no expegesith AGF in the bidding evaluation. It is necegsa
to select a construction method that confirms thpesority of Japanese technology.

It was difficult to confirm foreign companies' wohlistory and experience in their bidding documents.
One of the evaluation items was "Tunnel constracgperience within 2D below the operational two-
lane road." The coordinates of the constructianwére requested in the bid document submissiom, for
but it was impossible to confirm them on the Welis particularly difficult to confirm the constrtion
record of underground structures such as AGFs meediabove. It would also be effective to establish
a system in which a third-party organization canfirand certifies the facts of construction results.

[Construction]

Due to a slope collapse that occurred in 2021 rematollapse occurred at the west portal area and
engineering measures work has been required. Hoyieweas hard to obtain the consent of the
landowner of land above the slope and it took fiomecoordination of land acquisition. It resulted i
affecting the progress of the entire project. Teuea smooth implementation of the project, it is
necessary to foresee the possible risks and thehilig of additional acquisition and explain toet
project proponent to obtain their prior understagdi

3.5. Basic Information on Academia in Nepal Based on Ingstry-Government-Academia
Collaboration

3.5.1. Tribhuvan University

Tribhuvan University was established in 1959 as fil& university in Nepal and is the largest
comprehensive university in Nepal, with over 150,88udents. The university places importance on
research and exchanges with other universities iastitutions in Nepal and abroad. Concerning
landslides, it has agreements with Kyoto Univerdilyime University, etc., and it collaborates thgiou
activities such as study abroad programs and adadeonferences and building cooperative
relationships.

Research related to landslides is mainly conduotdte Graduate School of engineering and the @entr
Faculty of Geology.

The Graduate School of engineering was establish&872, and it has four campuses and ten private
colleges affiliated with the Graduate School: Tlifdi@e schools receive visiting lectures from the
Graduate School. The Central Campus is locatedlah®vk Campus.

The Graduate School of Engineering has 12 gradehieols. Three of these graduate schools are under
the Department of Civil Engineering and conducteegsh related to landslides: (1) Disaster Risk
Management Course, (2) Geological Engineering @&ansd (3) Water Resources Engineering Course.
There are 16 staff members, including professard,2a students in each of course of grade. Courses
in each faculty are (1) Water Induced Disasterd &n(2) Headworks and Sedimentation Engineering,
(3) River and Sedimentation Engineering, (4) PhalsiEnvironmental and Natural Hazards, (5)
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Landslides, (6) Mountain Risk Engineering, (7) R&lbpe Engineering, (8) Ground Improvement
Techniques (9) Geographic Information System (GIS).

The faculty of Geology was established in 1968Herbachelor's program and in 1976 for the master's
program and is located at the Kirtipur campus.

Many papers on landslide have been published barséfie Activities in Nepal.

e Jiang, H., Xu,C., Adhikari, B.R., Liu, X., Tan, Xdnd Yuan, R., 2023. Editorial: Environmental
change driven by climate change, tectonism andslates.

* Adhikari, B.R. and Gautam, S., 2022. A review ofigies and institutions for landslide risk
management in Nepal. Nepal Public Policy Reviev, \pp. 93-112.

e Sharma, S., Talchabhadel, R., Nepal, S., GhimirdR.,.GRakhal, B., Panthi, J., Adhikari,
B.R., Pradhanang, S.M., Maskey, S and Kumar, 2 2@creasing risk of cascading hazards in
the central Himalayas, Natural Hazardgps://doi.org/10.1007/s11069-022-05462-0

e Adhikari, B.R., Gautam, S., and Paudel, B, 2022dséide, landcover and land use changes in its
impacts in Nepal: In: Sarkar, R., Shaw, R. and Raad. (eds) Impact of Climate Change, Land
use and Land Cover, and Socio-economic Dynamidaraislides. Springer, Singapore. pp. 149-
164.

e Chen, F., Adhikari, B.R. and Tian, B. 2020, Iddnéfion of Landslide Susceptible Areas For The
Proper Settlement Planning In The Kali Gandaki R&aridor, Nepal. IEEE International
Geoscience and Remote Sensing Symposium, 5238-5241.

e Gnyawali, K. R., Zhang, Y., Wang, G., Miao, L., &nan, A.M.S., Adhikari, B.R., Xiao, L., 2019,
Mapping the susceptibility of rainfall and earthieatriggered landslides along China-Nepal
Highways, Bulletin of Engineering Geology and theviEonment, 79, pp. 587-601.

e Thapa, P.S. and Adhikari, B.R., 2019. Developmémoonmunity-based landslide early warning
system in the earthquake-affected areas of Nepaindl of Mountain Science, 16 (12), pp. 2701-
2713.

e McAdoo, B.G., Quak, M., Gnyawali, K.R., Adhikari,.B., Devkota, S., Rajbhandari, P.L.,
Sudmeier-Rieux, K., 2018, Roads and landslidesipall how development affects environmental
risk, Nat. Hazards Earth Syst. Sci. vol. 18, pf@d33210.

» Adhikari, B.R., Nidal, N., Yadav, B.K. and Awastl8,, 2017, Landslide risk assessment of the
Patlekhet landslide, Myagdi district, Nepal, Jolofahe Institute of Engineering, vol. 13 (1), pp.
78-89.

e Gnyawali, K.R. and Adhikari, B.R., 2017, Spatial&ions of Earthquake Induced Landslides
Triggered by 2015 Gorkha Earthquakéwn=7.8, Landslide research and risk reduction for
advancing culture of living with natural hazardslvancing Culture of Living with landslides, M.
Mikos et al. (eds.) Spinger Publication, pp-85-93

Tribhuvan University are also currently researchdentifying landslides using Al or others.

¢ Does machine learning adequately predict earthgimakeced landslides? Soil Dynamics and
Earthquake Engineering, 2048ttps://doi.org/10.1016/].s0ildyn.2023.1079$8Cl]

e Sustainable rural infrastructure: guidelines fmadside slope excavation. Geoenvironmental
Disasters, 2023https://doi.org/10.1186/s40677-023-0024(J&SCI]

e Evaluation of Different Landslide Susceptibility &lgsis Methods: A Case Study of Bagmati
Rural Municipality, Journal of Engineering Techrgpcand Planning,
2022.[https://doi.org/10.3126/joetp.v3i1.49G07

And the Graduate School of Engineering has a trackrd of many collaborative projects with the
Nepalese government. Multi-hazard risk assessniamdg§lides, Flood and Drought) as a part of dry
land management (DCRL) project being implemente®égartment of Forests and Soil Conservation
and UNDP with funding support from global enviromte facility (GEF).
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« Information technology disaster resource centeRDT)-KOCHI University -JICA Partnership
Project (Project for Penetration in Nepal of Loadhptation-Based Gabion Techniques Serving
Both Disaster Management and Environmental Pratexti

The DOR and the Graduate School of Engineering baxagreement on technical assistance. The main
technical assistance includes 1) geophysical extior and ground surface inclinometer of road sope
and 2) site visits to complex slope hazard aredsarcidation of their mechanisms of occurrencés Th

is an intergovernmental agreement, and those aesidare funded by the DOR budget.

3.5.2. International Center for Integrated Mountain Development (ICIMOD)

ICIMOD is a regional intergovernmental learning &mbwledge-sharing center established in Nepal
in 1983 to promote regional cooperation and knogaesharing in the Hindu Kush Himalayan (HKH)
region of Afghanistan, Bangladesh, Bhutan, Chindid, Myanmar, Nepal, and Pakistan. It is working
to strengthen international cooperation.

ICIMOD influences regional policies to enable HKIdiserse countries and communities to transition
to greener, more inclusive, and climate-resilieavalopment. Its mission is to build and share
knowledge that inspires action and attracts investirHeadquartered in Lalitpur, Nepal, it has 14#.s

Various agencies fund ICIMOD's programs and aatisitThese include all governments of HKH and
the governments of Australia, Austria, Norway, Seredand Switzerland. Program donors include ADA
(Austrian Development Agency), BMZ (German Feddvhhistry of Economic Cooperation and
Development), EU (European Union), BMU (German Fald®linistry for the Environment, Nature
Conservation and Nuclear Safety), SIDA (Swediskrimtional Development Cooperation Agency),
IDRC (Canadian International Research Center), IFADternational Fund for Agricultural
Development), the Norwegian Ministry of Foreign @iff, the Norwegian Embassy, USAID (U.S
Agency for International Development). Accordingtihe annual report, the revenue for 2021 is USD
13.7 million, and the expenditure is USD 14.7 raili

Investigation, research, and knowledge sharing isaster risk management are part of ICIMOD

activities. It provides a regional platform for ex{s, planners, policymakers, and practitioners to
exchange ideas and perspectives toward sustainailatain development and encourages industry-
academia-government collaboration.

The activities and results of ICIMOD are publistadhe following URL https://lib.icimod.org/ DOR
2007 Roadside Geotechnical Problems, A Practicatésto their Solution references ICIMOD's
Mountain Risk Engineering Handbook.

ICIMOD is currently working on providing HKH floodisk maps and disaster risk management
education.

3.5.3. Ehime University / Professor Netra Prakash Bhandary

As of July 2023, Ehime University has acceptedmnately financed international student from DOR,
a third-year doctoral student, on the theme of tlitprake-resistant design of bridge foundations."
Furthermore, from September 2023, the current propanager of NH37 Kanti highway was accepted
as a privately funded international student in tlectoral course. His research theme includes
"Geological and Geotechnical Characterization of €lape-induced Landslides on Lesser Himalayan
Zone of Nepal: A Case of Kanti National Road."

Professor Netra Prakash Bhandary is a professoivibfengineering and construction engineering at
the Faculty of Social Co-Creation at Ehime Univgrdin 2006, he co-authored “Risk management and
hazard map of the most important road in NepathaJournal of the Japan Landslide Society, Vol. 43
(6). He has been working on disaster preventiogares related to the 2015 Nepal earthquake in tecen
years.
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3.5.4. Nepal-Japan Friendship Association for Water-Inducé Disaster Prevention

The Nepal-Japan Friendship Association for Watduted Disaster Prevention (NFAD) was
established as an NGO in July 1993 and was cettifiean NPO in November 2000. The association
aims to assist the development and enlightenmeniegal's flood control and erosion control
technology, promote information exchange betweeadand Nepal, educate and disseminate disaster
prevention knowledge, and foster the next genaratfdiuman resources. The members consist of the
Ministry of Land, Infrastructure, and Tourism, prefures of Japan, university professors, and @rivat
sector officials, including current and retired nirs. The C/P on the Nepal side is mainly WRRDC
and DWRI, but there are no registered members.

As activities of FY 2023, The Nepal-Japan FriendsAssociation digitalized technical materials
developed by the former DPTC and exchanged the msrdoms in December 2023 with WRRDC
related to storing the technical materials at tHeR®C.

3.6. Review of Information Collection of the Latest Tecimology on Landslide Engineering
Measures

3.6.1. Aerial Photography Using Drones and Creation of 30rerrain Models

Orthoimage creation through drone aerial photogyrauiu the generation of topographical figures from
photographs have become widely adopted practiegmnlutilizes aerial photography with thermal
infrared cameras to identify spring water sourced detect deteriorated slope areas. However,
conventional aerial photography using optical insagcgnnot grasp the terrain beneath dense tree.cover
Laser surveying technology, which will be descritbatgr, is a technology that can grasp the terrain
beneath trees. The laser surveying technology ithescin the next section makes this possible.

In 2023, local private consultants in Nepal arkairig aerial photography and expertise to fadiitdne
road widening project for NH17 Prithvi Highway wite support of the WB to aid in the design process
In addition, some consultant companies in Kathmapeheialize in utilizing aerial photographs and 3D
digital information technology.

3.6.2. Laser Survey Technology

Light Detection and Ranging (LIiDAR) is an advantechnology that utilizes laser pulses to precisely
measure the distance and size of objects, even ¢mrsiderable distances. With LIDAR, acquiring
terrain data under trees by passing through branahe leaves is possible, even in environments with
thick trees.

In October 2021, the Ministry of Land, Infrastrugty Transport, and Tourism (MLIT) in Japan

introduced the "Guidelines for identifying roadgohazard areas using 3D point cloud data (draft)”.
These guidelines emphasize the role of laser sumeynology in the field of road geohazard risk
management. To further promote advancements iratkis, the Geospatial Information Authority of

Japan published the "Public Survey Manual Using@tBL AM Technology" in June 2022. This manual

outlines the application of SLAM (Simultaneous Likaion and Mapping) with laser-based sensors,
allowing for use of the technology for public swyse

LiDAR-based topographic figures have been developedg aeronautical LIDAR using fixed-wing
aircraft and helicopters. A terrestrial LIDAR usesipod to fix equipment and take measurements fro
the ground. Currently, digital 3D services are dé worldwide using satellite LIDAR, and the didi

3D ground table model provides an accuracy of Gbmrban areas and 5m in general areas. This
Japanese technology provides the highest resoliumiage worldwide. In addition, the development of
miniaturization technology and available Japaneshriology has progressed, and drone LiDAR has
become possible.

Table 3-32 shows measurement distances and point cloud denditr general LIiDAR survey
technology.
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Table 3-32 Measurement Distance and Point Cloud Deity of Laser Survey Technology

Items Satellite LIiDAR Aviation LiDAR Drone LIDAR Terrestrial LIDAR
Distance 700 km 0.15 - 2 km 0.01 - 0.15 km 0.001 - 0.15 km
measureme
Point Cloud 0.04 - 4/ 10 - 30/m 100 - 300/rA 100 - 3000/rh
Density

Source: JICA Survey Team

The Survey Department, the Ministry of Land Managetn Cooperatives and Poverty Alleviation
(DOSMLCA) in Nepal announced a seven-year planOh%to develop aerial LIDAR measurements
and digital 3D ground table modelgtfs://www.telecomkhabar.com/2019/09/lidar-sureegrted-by-
survey-department-of-neppl/The Survey Department has already completetitb&R survey of the
western Terai region (around 20,000 sqg. km). Thagpfor expansion to other regions is not clear.

The Transmission Directorate has a track recokdaoking with the Nepal Electric Authority (NEA) to
create digital 3D ground table models. The two pizgtions collaborated to develop a model of a 150
km? area using LiDAR imaging from a helicopter.

There are several LIDAR geodetic companies in Neggadl drone LiDAR can also be used for aerial
photography.

3.6.3. Landslide Susceptibility Evaluation Using Point Claid Data

The road subcommittee of the social infrastruciegelopment council of the Ministry of Land,
Infrastructure, Transport, and Tourism created ti8uo identify road landslide risk areas using 3-
dimensional point cloud data (draft)” for efficiegnapes of a wide area of landslide risk, plan@ngd
implementation of engineering measures. The subdtieerhas begun revising the "Guide to road
earthwork structure inspection" and " Guide to RB&k Assessment."”

(https://www.mlit.go.jp/policy/shingikai/road01 sdD@b76.htm)

The following four points are listed as points loé t' Guide to identify road landslide risk areamags
3-dimensional point cloud data (draft) ". Usingmiciloud data with an accuracy of 4 points or more
per square meter makes it possible to easily irgetppographical features and minimize individual
differences, enabling highly accurate stabilityleations.

1. Utilize 3D point cloud data to narrow down inspen points for road landslide inspection guidetin
- Aerial laser survey results and microtopograpbjresentation maps are used to extract hazarsl. area
2. Determine the range from the ridge to the yailiethe slope along the highway

- Using high-precision (more than 4 points per squmaeter) point cloud data, almost all hazard caose
slopes can be extracted.

3. Perform terrain interpretation that covers tarmaformation related to hazard factors

- Post the latest interpretation information, sastbedrock creep

4. Utilize laser survey topographic maps for ingieecrecords

- Make records compatible with future data link

Source : https://www.mlit.go.jp/policy/shingikaitetent/001428664.pdf

Ministry of Land, Infrastructure, Transport and Tism Japan (MLIT Japan) edited “Road landslide

inspection guidelines (2006)” and "Extraction gliides for road landslide areas using 3D point cloud
data (draft)”.

In Nepal, a Japanese researcher has created &dartdpography map using a 3D service of satellite
LiDAR.

In Nepal, it is possible to acquire point cloudadatith high precision (4 points or more per square
meter) by Nepalese contractors. Therefore, trarsfeand disseminating landslide risk assessment
technology based on point cloud data is possible.
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3.6.4. Slope Remote Monitoring System

A remote landslide monitoring system has been dgesl in Japan. The measurement equipment is
fitted with communication, landslide detection, adarm functions. One can remotely check landslide
data at dangerous sites or distant sites.

» Data monitoring using small solar panels, measun¢eguipment powered by commercially
available batteries, and the cloud: In case ohddide occurs in a mountainous area where
infrastructure is not well-developed, small solan@ls, commercially available batteries, and
cloud monitoring can be used to check observataia dnytime, anywhere, and receive alerts
in case of abnormalities. It can help prevent sdapnlandslides and ensure the long-term
safety of residents. These systems were introdaftedthe Kii peninsula flood disaster that
occurred in August 2011.

e Observation of landslide dynamics using a scatietype inclinometer (NETIS registration
number: SK-160012-VE): A scattering-type inclinoerdbias many sensors equipped with
wireless devices placed on the slope, and the merasmt data is sent to the data logger via
wireless communication. Collecting and recording dlata allows for tracking its deformation
over time. Data can be obtained more reliably énenountainous areas where landslides
have occurred because communication uses a mesisipggific low-power radioresistant to
obstacles.

It is challenging to apply this Japanese measureeguipment in Nepal because it is necessary to
change the language of the table, and the equipmamufacturer needs to establish a maintenance and
management system in Nepal.

Nepal has a track record of remote monitoring nfi&ides using GPS, CCTV, radar, borehole sensors,
etc. DHM and ICIMOD operate a remote landslide rtarimg system in the Glacial Lake Outburst
Flood (GLOF) study area. Since 2021, ICIMOD hasb#eveloping an earth observation (EO)-based
landslide monitoring and prediction system as jodstarch with USAID and NASA. It aims to monitor

a large-scale landslide and predict sequentiakrésid earthquake-induced landslides by rainfall and
rainfall forecast by satellite image analysis. Enéepalese applications are project-based asséstanc
from international donors through ICIMOD. There vaie challenges in maintaining the slope remote
monitoring system in the future.

3.6.5. Landslide Susceptibility Prediction Using Al

In Japan, a technology that uses Al and deep legtoiimprove the accuracy of predicting the sfte o
landslides is being developed. Using the figurate@ by the terrain interpretation technician based
the numerical terrain information as the trainiragag Al can learn the traces of soil movement timat
technician reads during terrain interpretation wiglep learning, and landslide terrain and erogioain
can be extracted at a specific rate. (Bigeire 3-24.
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Image Al extraction sliding Training data provided by
terrain topographical
interpretation engineers

CS  solid
figure

CS:
Curvature
and Slope

CS
sharpening
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CS solid figure: A combination of curvature and gl@gmables visual and intuitive topographic intedien.

CS sharpening: Processes to enhance the edgegpvasigrving the original image's shading, improvfrgimage's sharpness.

The dark are
distribution p

a in the center photo is the landglideacted by Al, and the dark area on the rightpl®the landslide terrain
rovided as training data by terraiterpretation engineers.

Source: JICA Survey Team

Figure 3-31 Output Image by Al

The Australian government is developing poten&abklide extraction software called Al-Landslide in

2021.

The use of Al for landslide prediction and appiicatin Nepal is expected to be effective in practs
Nepal's digital 3D data is being developed usifgAR and other technologies.

3.7. Examination of the Applicability of Japanese Technology

Japanese

technology is considered superior intguaid performance for engineering measures for

roads slopes in mountainous areas. Informationhenapplicable methods for landslide in Nepal,
including the types of hazards they address, tmstoaction methods, specific construction details,
technical names, and their features/functions, haesm compiled.

3.7.1. Engineering Measures for Slope-Collapse Hazard

(1) Engineering measures at the Source of Hazard

Frame Works Construction Method: This method involves creating a continuous frame
on cut slopes and natural slopes by utilizing tharacteristics of a wire mesh-type frame
and the advantages of the spraying application odetiHarmony with the natural
environment can be achieved by implementing slopabilzation measures and
incorporating greenery works. This method has Iseenessfully applied in Nepal along the
Sindhuli road. Some countries have similar techgyldut only Japanese products include
simplified formwork, filling uneven slope surface$here is a construction method
association in which several Japanese companiésipate.

Rope Net Construction This is an engineering measure against the limt@avement of
floating and rolling stones scattered on slopefmvblves arranging wire ropes in a grid
pattern and restraining the stones in their curpasitions. Some specifications include a
tough-coated paint on the plated surface. Othentti@s have similar technologies. But
Japanese products have advantages like tough-cpateldicts, excellent resistance to
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peeling abrasion, and strong adhesion. Several faewers and construction method
associations are organized in Japan.

Footless Rock Bolt Method As it does not require scaffolding, it allows famimal traffic
regulations and enables construction without slexeavation and cutting down trees in
forested areas. It has been adopted on the Sindfadi in Nepal. There are no similar
technologies in other countries. There are sevaealufacturers and construction method
associations in Japan.

Continuous Long Fiber Reinforced Soil Stabilization Sand, cement, and continuous long
fibers (polypropylene)) are sprayed to reinforae ¢ht soil surface, and then the vegetation
is applied to the slope surface. There is an examfproviding equipment and training to
El Salvador for this type of construction. In Jagaro companies are registered with NETIS,
and there are two construction method associations.

Non-frame Ground Reinforcement Method The method stabilizes slopes without cutting
down trees and grading the ground while preserthadandscape and natural environment.
The method uses secondary products, which leaslsater construction periods and cost
savings. The method does not apply to slopes withereaverage depth of the assumed
collapse surface is more than 3 m. No similar tetdgy exists in other countries. There are
two similar construction methods in Japan.

High-intensity Slope Protection Net A slope protection technique designed for overall
slope stability using reinforcing materials andvemgion of collapse of soil blocks by a
highly durable net. This method significantly redscarbon dioxide emissions compared to
conventional slope protection methods, mainly basedetaining walls. Moreover, due to
its fully open design, it allows for more greenawepromoting the absorption of carbon
dioxide. This technique has been successfully egmh the Sindhuli Road in Nepal. Itisn't
easy to show the significance of Japanese-madeugi®decause other countries have
similar technologies. Five types are registerethéiMLIT's New Technology Information
System (NETIS).

Unstable Bedrock Fixing Wire Roping A method that uses a lattice of wire ropes or
several wire ropes to prevent the initial movenwrindividual or multiple floating stones
and rolling stones. Since it targets individuaharltiple floating stones and rolling stones,
it can accommodate even large ones. Since othemtroesl have similar technologies,
Japanese products are not advantageous. Therevaralananufacturers in Japan.

(2) High-Energy Absorption Type Rockfall Protection Work

High-energy Absorption Type Rockfall Protection Bariers: Different types of fall
protection fences are available from manufactui®esne of these fences can withstand up
to 1000kJ of falling rock energy and have been esgftilly used in El Salvador. Similar
products exist in other countries.

The Ring Net It was introduced to Japan from Switzerland aptead as a Japanese
manufacturer's product. It can absorb high enepgp 3000 kJ. Other countries have similar
technologies. In Japan, several companies partecipaa construction method association.
High-energy Absorption Rockfall Protection Nets They have been applied in El Salvador.
A rope type that can withstand up to 2700 kJ is awailable. Other countries have similar
technologies. In Japan, several companies partecipaa construction method association.

(3) Rock Fall Protection Wall

Reinforced Earth Protection Wall (geo-rock wall} A retaining wall of reinforced soil that
uses special fibers to protect against rockfalts @ilapses. It is economical because it can
use locally available materials, and bioengineecagbe applied to the wall to blend in with
the surrounding landscape. It also has a largeggradysorption capacity and has a proven
track record in Bhutan. No similar technology exist other countries. In Japan, several
companies participate in a construction methodaatson.

Protective Earthworks (Rock Geobank Construction Mehod): It is a method of
constructing a reinforced earth wall using geognid placing Terrace (geocell) with a three-
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dimensional honeycomb structure made of high-densilyethylene resin as a buffer
(impact surface of falling rocks) and using singgeticle crushed stone with high buffering
effect as the filling material. This method canhstand up to 4500 kJ of falling rock energy.
No similar technology exists in other countriesJ&pan, several companies participate in a
construction method association.

3.7.2. Engineering Measures for Slide

(1) Restoration Work

Ground Anchor with Wedge and Nut Anchoring System The head structure can be
selected according to the purpose of use, suclsiasphe adjustment type that is easy to re-
tension and a load adjustment type that is eaagjtest. It is highly corrosion-resistant and
adhesive. It can be assembled on-site or in thrfacEven on-site, reliable, and high-
quality tendon processing can be performed andtedap length changes on-site. It was
used in Nepal along the Sindhuli Road. No simia&hhology exists in other countries. One
Japanese manufacturer is registered with NETIS.

The Steel Pipe Pile Gyro Press Method (Rotational @ting Penetration) System A
method of installing steel pipe piles that utilizbe advantages of the pressure injection
principle, including no vibration and noise. Thatgn uses a special bit at the tip of the pile
to minimize cutting, which results in almost no axated soil and minimal environmental
impact. Additionally, all machinery can operatetba completed pile, making it possible to
complete the entire process of pile transportatimiallation, and pressure injection without
any temporary structures, such as temporary whanwvesads. It is known as "temporary-
free construction”. There is no similar technoldgyother countries. It is considered a
registered trademark in Japan.

Steel Pipe Pile Screw Joint Material A screw joint for steel pipe piles that do najuie
on-site welding and can be connected quickly. Bhiges various problems related to on-
site welding joint pile work, such as welding takia long time and interfering with the
process. Maintaining welding quality is difficultié to the thickening of the steel pipe piles.
No similar technology exists in other countries.eQlapanese manufacturer is registered
with NETIS.

Tensile Ground Anchors Tensile ground anchors are a type of landsliéegmtion anchor
that can be easily modified in length on-site angel economical. They have been used
effectively on the Sindhuli Road in Nepal. Otheucwies have similar technologies. There
are several manufacturers in Japan.

Steel Pipe Pile work is a method of preventing landslidesrisgrting steel pipes or H beams
into a large-diameter boring hole that has beemwedtdrilled vertically in advance and then
filling the hole with grout to adhere the pipestie ground and resist sliding force. This
waiting-type method first deforms and exerts resise when the landslide-moving layer is
displaced. Ground anchors may also be used to mréve displacement of the pile head.
This method has been used successfully in HondurdsMauritius. Other countries have
similar technologies. There are several manufactunelJapan.

Anchored Steel Pipe PileAn anchored steel pipe pile is a method useddtore roads that
landslides have damaged. It is not a method ofpsitgplandslides altogether, but it is the
minimum standard required to protect the road, Wwincthe target of conservation and is
economical. By using anchors, the displacemenhefpile head can be suppressed. Other
countries have similar technologies. There arers¢weanufacturers in Japan.

(2) Control Work

Permanent Water Collection Boring Casing (Rust-prof): This is a permanent water
collection boring casing that is not easily brokennstable landslide soil blocks, has a long
lifespan (coating life of 80 to 100 years) duettohigh corrosion resistance, and is strong
against soil pressure. It is made of steel wataindge casing and uses molten zinc plating
that is not easily corrupted, so it can also bedusepermanent methods. No similar
technology exists in other countries. There is amg Japanese manufacturer.
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Underground Water Extraction Well Liner Plate: Underground water extraction well
liner plate is a method of lowering the groundwégeel by digging a well with a diameter
of 3.5 to 4 min the landslide, moving soil bloakd then placing a water collecting boring
of 40 to 50 m from it and drawing the groundwaésel into the well. The liner plate is used
to protect the borehole wall, and it is lightweighasy to install, low noise, and highly
corrosion resistant. It has been applied in Horglu@ther countries have similar
technologies. There are several manufacturerspania

Lightweight Embankment: The lightweight embankment method is employesarious
situations, such as widening embankments on sofingl, embankments at the head of
landslides requiring deformation and safety measureducing earthwork in road
construction in mountainous areas, and mitigatiofy gressure on bridge piers. This
technique has been successfully implemented in&rka. Other countries have similar
technology. In Japan, there are several manufasture

(3) Reinforced Embankment

Geotextile Reinforced Soil Wall Construction Materal: This material is a composite of
high-strength polyester fibers bundled togetherttas core material and coated with
polypropylene resin as the covering material, jdime a grid-like pattern. It possesses
sufficient strength, minimal elongation, excelletreep properties, impact resistance,
durability against temperature and chemicals,ifn@l characteristics with soil, and easy
workability. It has been applied on the Sindhulia@an Nepal, and Honduras. Similar
technology exists in other countries. In Japangtiaee several manufacturers.

3.7.3. Engineering Measures for Debris Flow

Permeable Steel Erosion Control DamThis dam has a large opening (slit) in the water
passage section, allowing harmless sediment to dlownstream during normal and small
to moderate water outflows. It has the advantagemafimizing its impact on the
environment. Additionally, it is highly effectiva icapturing floating debris like driftwood.
Other countries have similar technologies. In Jatfere are several manufacturers.

Sabo Soil-CementSabo soil-cement is an intermediate material betwconcrete and soil
materials, and it can be widely applied by appetpty adjusting the mixture according to
the specific purpose. It allows for a broad ranfyapplications. Using locally available soil
materials, including excavated earth from consibucsites, reduces the need to transport
soil off-site, leading to cost reductions in tramgption and disposal. There is a successful
track record of its application in Brazil. Othemexries have similar technologies. In Japan,
there are several manufacturers.

Basket Frame: A Simple Type of Steel Gabion Works. It utilizeglded wire mesh and
crushed stones as filling material. This panel-tgabion work enhances the rigidity of the
simple steel gabion works and combines the exdeliéstures of traditional basket works
with the functionality of a permanent structurecdn be used for steel retaining walls and
various slope stabilization and erosion controljgots, including small check dams and
hillside works. Other countries have similar tedoges. In Japan, there are several
manufacturers.

3.7.4. Erosion Control and Foundation of Bioengineering

Curing Mat (multifunctional filter): A curing mat protects the slope from various
environmental stresses by laying it on the slape.rhade by processing ultra-fine polyester
fibers, similar to plant capillary roots, into tm@n-woven fabric and layering it with a
reinforcing net of chemical fibers (turtle shekdimetal mesh). It protects against rain, wind,
freezing, and drought and prevents small rock{alidle shell-like metal mesh specification)
when attached to the slope. It has been appliebinduras and El Salvador. Other countries
have similar technologies. In Japan, there arerabr@nufacturers.
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Chapter 4.Market Situations of the Road Sector

4.1. Procurement Situation of Similar Projects in Nepal

4.1.1. General Circumstances for Bidding and Contracting r General Civil Works

Nepal's construction industry contributes to theetlpment of transportation, mainly roads (includin
bridges and tunnels), hydropower, irrigation, amthiecture. The GDP contribution by the constitti
industry is about 10% and accounts for about 35%@fjovernment budget's spending allocation. The
construction sector is estimated to create jobsabmut one million people, second largest after the
agricultural sector in Nepal.

Public works procurement needs to be economicasamable, and transparent. The procurement
process should ensure good governance by mairgaicimmpetitiveness, fairness, integrity,
accountability, and credibility. The following lavend guidelines conduct construction bidding and
contracting in Nepal.

® Public Procurement Act 2007, Procurement Reguldtiepal 2007
® Developing Partner’'s Procurement Guidelines (Docmitmame and year of publication varies
by development partner)

4.1.2. Situation of Local Consultants

The Government of Nepal once initiated the involeammof private engineers in small construction
projects around the 1970s to introduce engineesargices. In the 1990s, the Society of Consulting
Architectural & Engineering Firms (SCAEF) was efitsdted and registered as a national organization
to ensure a healthy environment for the consultioigistry. A law issued by the monarchy in January
2002 made it mandatory for consulting firms to ségi with a legitimate organization for being short
listed as bidders of public works projects. As 023, more than 250 consulting firms in the couangy
registered with SCAEF to provide consulting sersiireconstruction projects.

4.1.3. Situation of Local Contractor

According to the Federation of Contractors' Asstmies of Nepal (FCAN), about 60 % of the country's

development budget is spent on the works with tivelvement of contract builders. The contractor

industry is expanding, especially after the 201&hemake. The relevant industries, such as the
construction equipment and materials market, dalble

Public construction contractors in Nepal are cfasiinto four categories: Classes A, B, C, and D,
according to the scale of their enterprise. Acaaydo FCAN, a registered association of contradgtors
Nepal established in the 1990s, the number of texgid contractors as of 2023 is 228 in Class A, 282
in Class B, 1,158 in Class C, and 10,740 in Class D

According to the Construction Business Act, Negah8at 2055 (1999), the classes of contractors that
can be procured depending on the scale of thegoblistruction project are as follows.

® Construction works exceeding NRs. 20 million Class

® NRs. 6 million to NRs.30 million construction: C&B

® NRs. 2 million NRs to NRs.10 million constructiddtass C
® NRs. Under 3 million constructions: Class D

Note: Amounts are estimates.

Despite the industry's size, the work in the fieldoad landslide engineering measures is limide,

the number of experienced constructors is smallinderstand the general situation of local contratt
capacity (track records, number of constructioriggent, etc.), we surveyed two companies that have
experience in slope protection work using a quest@re to determine the following points: (1)
experience in slope protection work, (2) slopegxtibn construction machinery owned by the company,
(3) procurement status of slope protection congstmcmachinery, and (4) procurement status of
materials required for slope protection work.
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Although the local contractors had little experiemnt slope engineering measures, they had experienc
in Japanese grant aid and WB funding projects. aehinery and materials required for slope
engineering measures can be imported from Indi@hdma. The quality of the material is adequate to
be applied according to the survey results thattiseno information regarding any particular miaier
problems, such as cement or reinforcing bars.

Table 4-1 Interview Survey from Local Contractors

Contractor A Contractor B
(1) Experienceg Has experience as a subcontractor of ODMas experience in WB founding project fram
in slope| No experience of a project of GoN Mugling — Narayanghat Highway section
protectiot rehabilitation
(2) Slope| Rotary percussion drill, rock bolt machineRotary percussion drill (2 units), Rock bolt
protection machines for horizontal drilling work, machine (4 units), machines for horizontal
construction drilling machine for cast-in-place piledrilling work (2 units), and drilling maching
machinery (Currently not owned but can be procurefbr cast-in-place pile (1 unit).
owned by the in Nepal if needed. )
compan
(3) Procurement Available in Nepal with the following Available in Nepal with the following
status of| standards. standards.
machinery for| Rotary percussion drill (under 50m) Rotary percussion drill (under 40m)
slope protection Rock bolt machine (under 10m) Rock bolt machine (under 10m)
construction Machines for horizontal boring work (undeMachines for horizontal drilling work (under
50m) 50m)
Drilling machine for cast-in-place pile (25-Drilling machine for cast-in-place pile (under
30m) 25m)
(4) Procurement Available in Nepal: Construction scaffoldAvailable in Nepal: Construction scaffold,
status ofl H beams, chain link wire netting, witewire gabion baskets
materials gabion baskets Available in India: Rock bolt, Anker, high-
required for| Available in India: Rock bolt, Anker, high-performance net, H beams, steel pipe pile,
slope protection] performance net, steel pipe pile, rockfalthain link wire netting, rockfall protection
work protection fence fence

Source: JICA Survey Team

4.1.4. Circumstances of Procurement of Required Materialand Equipment

Procurement of materials and equipment in Nepehised out based on the Public Procurement Act,
Procurement Regulation Nepal, or procurement guieglof respective development donors. The
Public Procurement Regulation 2007 (Revised Ve)s{@®PR) defines the procurement method for
materials and equipment as follows.

(1) Sealed Bidding
« International Competitive Bidding (ICB)

The scale and scope of the contract depend onatiueenof the project. For large projects that regjui
the procurement of multiple types of goods and widEmestic manufacturers and suppliers may not
be able to handle sufficient capacity and resoutbesiCB procedure will be adopted. ICB is des@jne
to give all bidders an equal opportunity to biditfiprming them of the project requirements at &dix
time and by appropriate means.

» National Competitive Bidding (NCB)

NCB is recommended in the following situations.

® When locally produced goods are reasonably priogidcan be delivered quickly.

® When a foreign manufacturer/supplier is unlikelo®interested in bidding because the
contract amount is small compared to the effortexpbnse involved in bidding and entering
the contract.

® When the nature of the materials favors local mactufers/suppliers.
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® \When the project specifies a special NCB applicatio

The tender announcement is only publicized viaonali newspapers, so only domestic bidders can
participate in the bidding. There are some excapt@ses where the foreign bidders are allowed to
participate following the laws and regulations.

e Limited Tender (LT)

If there are three or fewer suppliers of matergalipment, limited competitive bidding of public et
of 15 days prior will be applied.

This method is appropriate for the following siioas.

® \When there are only a few well-known manufactusengpliers. (e.g., complex industrial
plants, specialized equipment, or technology)
® [For small quantities (e.g., communication facifit@ airfield lighting.)

All procedures in5) Bidding Methods and Contract Terms and Conditims, except for short-term
public notice and prequalification, will apply tois bidding process.

(2) Catalog Shopping

Catalog shopping purchases goods based on ratkshaabby authorized manufacturers or distributors.
Under this method, enclosed quotations are sdliditem the firms designated on the public entity's
permanent registration list. Usually, a written uest is distributed to the firms, and quotations ar
submitted within 7 to 15 days for the equipment.

The equipment to be cataloged shopping under thdicPRBrocurement Monitoring Office (PPMO)
guidelines, and their annual purchase limits pgaoization are as follows.

Table 4-2 Catalog Shopping Equipment and Limit in Aanual Amount

Type of Equipment The maximum allowable amount
for each year (NRs.)
A Heavy Vehicles 6 million
B Vehicles 6 million
C Tools 2.5 million
D Machinen 2.5 million
E Devices 2.5 million
F Medical Equipment 4 million
(X-ray, MR, etc)

Source: PPMO Guideline for Cataloguepimg, 2074

(3) Sealed Quotations

Purchases of general materials and equipment iRsr 2 million (in the case of medical equipment
like X-ray units, up to 5 million) will be made lspbmitting a sealed quotation from a qualified dstice
registered supplier/manufacturer by Rule 84 of FRE&juests for quotation submissions will be posted
on the website and in national newspapers. Ittakde 14 days to prepare and submit quotations. &ood
manufactured in Nepal will be given a 15% prefeeeoeer foreign goods in price comparison by Rule
17 of PPR.

(4) Direct Purchase

Materials and equipment valued at less than NRsuilllon can be purchased directly from local
suppliers and stores.

(5) Bidding Methods and Contract Terms and Conditions

In Nepal, standard bidding documents issued byth#ic Procurement Monitoring Office (PPMO) are
used for public funds construction projects. In¢hee of internationally supported financial assisé
projects, the terms and conditions of the contisstted or agreed upon by FIDIC or the donor agency
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will apply depending on the requirements of eachodoThe Public Procurement Regulation 2007
(Revised Version) (PPR) defines six general praverdg modalities for works.

Sealed bidding

Sealed quotations

Direct purchase

Force account

Public tender (Procurement in exceptional circumsta by Article 66 of the Public
Procurement Act)

® User or Consumer Commission

The terms of the procurement contract will be gelgconsidering the following.

® Type and quantity of procurement

® Procurement method of similar procurements adoptedously
® Risk diversification between the employer and thetiactor

® Procurement Contract Supervision Methods

The main steps involved in the procurement of nilteand equipment and the standard number of
days for each step are showrTiable 4-3
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Table 4-3 Procedures for Procurement of Materials ad Equipment

. - Estimated time in days
Step ] Reggonslsliy ICBILT NCB Sealed Quotation
1 Establishment of Procurement Strategy Preparafiooject Manager or Consultap60 30 15
Approval: Competent Authority (Same as
for acceptance of bi)

2 Prequalification and post Qualification Large and complex civil works contracgtdNot required
and contracts for technically compléex
plans. [ Normally, ICB requires PC

2.1 | Preparation of PrequalificationPreparation: Project Manager or ConsultaB 15 0

Documents Approval of Criteria: Director General
(DG)
2.2 | Invitation for pre-qualificatior Preparation: Project Manager or Consu | 1E 15 0
2.3 | Submission of PrequalificationProspective Bidders 60 30 0
Document
2.4 | Analysis of Prequalification Documents &Preparation: Project Manager or Consultas0 30 0
Selection of Prequalified Bidders Approval: Competent Authority (same as
for acceptance of bi)
2.5 | Donor No Objection (If required in 2.1 andDonor Additional 15 days each for 2.1 and 2.4 NA
2.9
2.6 | Notification toApplicants Project Manager or Consulti 15 7 0
Total of 2 19t 111 0
3 Preparation of Bid Documents (Excludind’reparation: Project Manager or ConsultaBD 30 15
Specification Documents) Approval: Competent Authority (same as
for theacceptance of bi)
4 Bidding Periot
4.1 | Arrange Notic Project Manager or Consulti 14 14 7
4.2 | Issue of Bid Documer Project Manager cConsultar 14 14 7
4.3 | Site Visit by Bidders Project Manager, Consultantand| Time included in 4.5
Prospective Bidde
4.4 | Bidders Queries Project Manager, Consultant andComplete by 15 Complete by ten
a) Written Prospective Bidder days before the bid days before the bid
b) Pre-bid Meeting submission deadlit | submission deadlii
4.5 | Preparation and Submission of Bids Bidders 45 froime first| 30 from the first] 15 from the first
notice notice notice
Total of ¢ 73 58 29
5 Opening of bid Project Manage Immediatelyafter submissioron thesame da
6 | Evaluation of Bid | |
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6.1 | Preliminary Examination of Bids The Bid Evaluatioommittee and Included in 6.2 Included in 6.2 Included in 6.3
Consultar
6.2 | Detailed Evaluation of Bids The Bid Evaluation Coittee and| 28 21 7
Consultar
6.3 | Bid Evaluation Report The Bid Evaluation Committeand| 14 14 7
Consultar
6.4 | Donor No Objection (If require) Donol 14 14 Not Require!
6.5 | Selection of bid foapprova Competent Authorit 7 7 Not Require!
6.6 | Issue of intention to award not Project Manager and Consult 7 7 Not Require!
6.7 | Complain to Intention to awal Biddel 7 7 Not Require!
6.8 | Approva Competent Authorit 7 7 7
Total of 6 excluding 6. 84 77 21
7 Award of Contrac
7.1 | Letter of Acceptanc Project Manage 7 7 Not requiret
7.2 | Provision ofPerformanc Security Successful Bidd: 15 15 7
7.3 | Signing of Contract Agreement Signing:  Competent thadty and| 7 7 7
Successful Bidd:
Total of 7 29 29 14
8 Bid Validity and Bid Security Perio
8.1 | Bid Validity Periods Specify: Project Manager Comnidders| 120 120 for estimated 45
amount >NRs. 10(
million and 90 for
up to NRs. 10(Q
million
8.2 | Bid Security Periods Specify: Project Manager Cogmpidders| 150 150 for estimated 65
amount > NRs.10(
million and 120 for
up to NRs. 10(Q
million
Total excluding 471 33t 94
Source: DOR
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4.2. Selection of Consultant

4.2.1. Type of Consultant Contracts
The consultant contract for the construction worlklve made in the following contract.

® Lump sum contract

® Time-based contract

® Performance-based fee-paying contract
® Percentage based contract

® [ndefinite service period contract

4.2.2. Short Listing Process

Article 31(4) of the Public Procurement Act 2007e(#®ed Edition) stipulates four standard
procurement methods for short-listed firms throuble qualification examination related to the
construction work from SCAFE-registered consultants

® Quality and Cost Based Selection (QCBS)
® Quality Based Selection (QBS)

® Fixed Budget Based (FBS)

® | east Cost Selection (LCS)

Figure 4-1shows the standard consultant selection pro€ggste 4-2 shows the traditional consultant
selection process in the case of the QCBS appiitati
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| Budget |

I

|TOR and Cost Estimate|

yes Cost Estiamte
< Rs 500 thousand

|

Direct Award

y
Cost Estimate

* No < Rs 2million
shortlis.ting for.National - Cost Estlm'aife Shicitisiliig R liemis sl
Consulting Services (EOI) |« < Rs 150million > Consulting Services( EOI)

\ ) ves
yes Complexity High ?
+No o .

Quality Based Selection

(QBS)/ Fixed budget Quality and Cost based Low Cost Based Selection

Based selection (FBS) Selection (QCBS) (CBS)
Prepare Evaluation Prepare Evaluation Prepare Evaluation
Criteria y Criteria Criteria
I Prepare RFP ] | Prepare RFP | | Prepare RFP
| Shortlist Consultants I |Short|ist Consultants |

v
| 3firm Qualify? Jr—Ni) —  3firmQualify? |

Re-
yes Shortlisting yes
v v
Invite Technical and Invite Technical and Invite Technical and
Financial Proposals Financial Proposals Financial Proposals
Evaluate Technical Evaluate Technical Evaluate Technical
Proposals Proposals Proposals
Select Best Ranking Evaluate Financial Evaluate Financial
Technical Peroposal Proposal Proposal
Evaluate Financial Proposal of b
Best Ranked Firm Calculate combine score Calculate combine score
Negotiate with the Best Select the Proposal with Select the Proposal with
Ranking Proposal Highest Total Score Highest Total Score
Sign Contract ] [ Negotiate and Sign Contract | | Sign Contract
Source: DOR

Figure 4-1 The Selection Process for Consultant
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Source:

Activity

Executing Agency / Donor

1. Preparation of
Terms of
Reference

Goal, objective and scope of Services
Existing studies and basic data
Requirement of investigations and reports

Responsibility of client and consultant

Time schedule and liabilities

!

2. Cost Estimate
and Budget

Remuneration
Reimbursable cost
Local and foreign currency estimates

3. Adeverising

General procurement notice
Advertisement in local newspapers

Consultant

Advertisement in UNDB, technical journals
Notice at embassies and consulates

Submit expression of
interest

I vl

4. Shortlisting of
Consultants

Geographical spread (3-7 firms)
Client and funding must agree

Acknowledge receipt

Inform short listed firm

5. Request for

Letter of Invitation
Information to Consultants

Receive request for

Proposals Proposed form of contract P proposals Submit intention
Terms of reference to submit proposa
£ Bosaiotiof Recording of proposal receipt
PEEEEIPED Rejection of proposals received after *Make field visit Prepare and
Proposals

deadline

submit proposals

!

7. Evaluation of
Technical
Proposals

Consultant's relevant experience
Quality of methodology proposed
Qualifications of the key staff proposed
Transfer of knowledge

Extent of participation by nationals

8. Evaluation of
Financial
Proposals

Public opening of financial proposals
Announce names, technical scores and
prices

Evaluation of financial scores

)

9. Final Evaluation
of Proposals

Evaluate combined scores
Ranking of proposals

Invite the successful consultant for

.
— ]

Receive invitation and
participate in negotiation

negotiation

]

10. Award of Negotiation on technical and financial conditions Adjustment of contract
Contract conditions _

Sign contract
DOR

Figure 4-2 QCBS Contract Selection Process
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4.2.3. Evaluation Methods and Their Approval Authority and Process of Consultants

The evaluation method and approval authority ferabnsultant selection are as follows.

Table 4-4 Evaluation Methods and Their Approval Auhority and Process of Consultants

Step Activity Responsibility Time

1 | Preparation of Terms gf Preparation: Project Manager 30 days

Reference and Costapproval: higher authority for international Contsuits,
Estimate The officer in charge Gazetted 3rd class: up ta Bdgs. 2
million,
The officer in charge Gazetted 2nd class: up to N&s. 5
million
Officer-in-charge Gazetted 1st class: up to cossNED
million
Department Head > cost NRs. 10 million
2 | Advertising Preparation: Project Manager 15 days
3 | Shortlisting of| Recommendation: Tender Evaluation Committee 35 days
Consultants Approva|:
The officer in charge Gazetted 3rd class: up ta Bidgs. 2
million,
Officer in charge Gazetted 2nd class: up to NRsnillion
Officer in charge Gazetted 1st class: up to NRanilion
Director General > NRs. 50 million
4 | Request for Proposals| Preparation: Project Manager 15 days
Approval: Same as step 3.

5 | Receipt of Proposals Project Manager 15 days up to cog
NRs. 2 million, 30
days for cost> NRs|
2 million

6 | Evaluation of Technical Tender Evaluation Committee 15 days to 30 day

Proposals
7 | Notice for Financial Project Manager 7 days for Nationa
opening Consultants and 1
days for
International
Consultants
8 | Evaluation of Financia| Tender Evaluation Committee Three days
Proposals
9 | Final Evaluation off Tender Evaluation Committee 3 days
Technical and Financial
Proposals

10 | Negotiation and Award Tender Evaluation Committee and Project Manager dahs to 30 days

of Contract

11 | Special RequirementsExecuting Agency and Donor 30 days

of Donor-Assisted

Projects

Total Elapsed time

183 days - 236 day
(6-8 months)

[72)

Source: DOR
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4.3. Selection of Contractor

4.3.1. Contractual Arrangements for Contractors

The terms and conditions of the Contractor's Agesgnfor the construction work will be selected,
considering the following. Standard bidding docutadar each type of contract for contractor cortgac
are shown imable 4-5.

® Properties and quantities of construction worke@bocured

® Procurement method of similar procurements adoptedously
® Risk diversification between the employer and thetiactor

® Procurement Contract Supervision Methods

The form of the Contractor Agreement is as follows.

Unit rate contract

Lump sum contract

Cost-reimbursement contract

Time and material rate contract

Design and Build a contract

Management contract

Performance-based maintenance or management dontrac
Piece work contract

Build Operate and Maintenance contract

Turnkey contract

Engineering, Procurement and Construction (EPC}r@on

4.3.2. The Selection Process for Contractors

The standard procedure for contractor procurenrahttee general time required for each step are show
in Table 4-6 This procedure is like that described in FIDI@g&lding Procedures, 2nd Edition 1994".
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Table 4-5 Standard Bidding Documents for Each Typef Contract for Contractor Contracts

Recommended
Procurement Contract Size Standard Bidding
A Method in NRs. Document (available REIELS
in ppmo.gov.np)
Pre- Qualification Prequalification  of| For the large and complex nature|of
1 (PQ) Bidders - August works
201¢
Engineering, EPC SBD ICB For the large and complex nature of
Procurement an works.
Construction (EPC) The Procuring Entity intends to
select a Bidder (a Contractor) for the
2 Procurement of Works under Open
Tendering following the Single
Stage Two Envelope system withqut
having a pre-qualification
procedure
Engineering, EPC SBD NCB For the large and complex nature of
3 | Procurement an works
Construction (EP)
International >5 billion SBD for Procurement In case of Pre-qualification, this
4 | Competitive Bidding of works ICB Two| document is issued to the pre-
(ICB) Envelope revised on qualified bidder
July-22-202z
National/Local >20 million to <| NCB Works, Single | In case of Pre-qualification, this
5 | Competitive Bidding| 5 billion Stage Two Envelope| document is issued to pre-qualified
(NCB/LCB) for above 20 Million | bidder [PQ only in special
Septembe-30-2022 circumstancs]
National/Local <20 million NCB Works,
Competitive Bidding Qualification not
6 (NCB/LCB) Required for up to 2(
Million, final -
Septembe30-2022
Limited Internationall For highly | SBD for Procuremen
Bidding (LIB) specialized of works ICB Two
7 works only Envelope revised on
July -22-2022 or
specialized docume
8 | Sealed Quotation < 2 million Sealed Quotation
Works- August 201¢
Direct Purchase < 1 million Procurement of Issue letter to the firms registered|in
9 Works, Direct the standing list
Purchas
10 | Force Account < 0.1 million None
Public Bidding In an Sealed Quotation As specified in Rule 145, PPR 2007
11 emergency of Works - August 2019
other  special
circumstance
12 | Users' Committee < 50 million Competition amongrusommittee
Source: DOR
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Table 4-6 The Process of Contracts Agreement for @éractor

- i Estimated time in days
Sl A ] ICBILIB NCB Sealed Quotation
1 Establishment of ProcuremenPreparation: Project Manager or Consultant
Strategy Approval: Same as for acceptance of
2 Prequalification Large and complex civil works contracts and Not required
contracts for technically difficult plants. [Nornhal
ICB requires Q]
2.1 | Preparation of PrequalificationPreparation: Project Manager or Consultant 30 15 0
Document Approval of Criteria: DirectoGeneral (D()
2.2 | Invitation for prequalificatior Preparation: Project Manager or Consu 15 15 0
2.3 | Submission of PrequalificationProspective Bidders 60 30 0
Document
2.4 | Analysis of Prequalification Preparation: Project Manager or Consultant 60 30 0
Documents & Selection adf Approval: Competent Authority (same as for
Prequalified Biddel acceptance of bii)
2.5 | Donor No Obijection (If required Donor Additional 15 days each for 2.1 and 2.4 NA
in 2.1 and 2.)
2.6 | Notification to Applicant Project Manager or Consulti 15 7 0
Subtotal of step 2 210 127 0
3 Preparation of Bid DocumentsPreparation: Project Manager or Consultant 30 30 15
(Excluding Design Work) Approval: Competent Authority (same as for
theacceptance of bi)
4 Bidding Periol
4.1 | Arrange Notic Project Manager or Consulti 14 14 7
4.2 | Issue of Bid Documer Project Manager cConsultar 14 14 7
4.3 | Site Visit by Bidders Project Manager, Consultang Prospective Time included in 4.5
Bidder:
4.4 | Bidders Queries Project Manager, Consultant and Prospectiv@omplete by 15 days Complete by ten days before
a) Written Bidder before the bid the bid submission deadlinge
b) Pre-bid Meetinc submission deadlit
4.5 | Preparation and Submission pBidders 45 from the first 30 from the first notice 15 from the first
Bids notice notice
Subtotal of step 4 73 58 29
5 Opening of bid Project Manage Immediatelyafter submissioron thesame da
6 Evaluation of Bid
6.1 | Preliminary Examination of Bids| The Bid EvaluatiorCommittee and Included in 6.2 Included in 6.2 Included in 6.3
Consultar
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6.2 | Substantial Responsiveness |dBid Evaluation Committee and Consultant 14 7 Inellich 6.3
Bids
6.3 | Detailed Evaluation of Bic Bid Evaluation Committee and Consuli 28 21 7
6.4 | Bid Evaluation Repo Bid EvaluationCommittee and Consult: 14 14 7
6.5 | Donor No Objection (If require) | Donol 14 14 Not Require!
6.6 | Re-bidding (If require) Project Manager and Consult 21 15 15
6.7 | Selection of bid for approv Competent Authorit 7 7 Not Require!
6.8 | Issue olfintention to award notic | Project Manager and Consult 7 7 Not Require:
6.9 | Complain to Intention to awal Biddel 7 7 Not Require!
6.10 | Approva Competent Authorit 7 7 7
Subtotal of step 6 excluding 6.6 and no complaintss per 6.9 98 84 21
7 Award of Contrac
7.1 | Letter of Acceptanc Project Manage 7 7 Not requiret
7.2 | Provision olPerformanc Security | Successful Bidd: 15 15 7
7.3 | Signing of Contract Agreement Signing:  Competent thatty and 7 7 7
Successful Bidd:
Subtotal of 7 29 29 14
8 Bid Validity and Bid Security
Period:
8.1 | Bid Validity Periods Specify: Project Manager Cosn@idders 120 120 for estimated amoun 45
>NRs.100 million and 90 for
up to NR<. 100 million
8.2 | Bid Security Periods Specify: Project Manager Compidders 150 150 for estimated amoun 65
>NRs100 million and 120
for ug to NR<. 100 million
Subtotal excluding 8 440 328 79
Source: DOR
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4.3.3. Setting of PQ (Pre-Qualification) Conditions

In the Prequalification of Bidders (August 20193ued by the PPMO, terms and conditions for
satisfactory performance of the vendor contrathiénPre-Qualification (PQ) are established conoerni
the following items.

Eligibility

Nationality

Conflict of Interest

Government of Nepal / Department of Eligibility
Government-Owned Entity

United Nations Eligibility

VAT and PAN Registration

Pending Litigation

Historical Financial Performance
Average Annual Construction Turnover
Experience

General Construction Experience
Contracts of Similar Size and Nature
Construction Experience in Key Activities
Personnel

Equipment

Domestic Preference

4.3.4. Concept of Bid Packages (Orders by Construction Wde Type, Scale of Order)

Construction work may be performed under a singlgract or by splitting the package into multiple
packages. Splitting should be considered in tHevidhg situations.

v

v

v

v

v

When the project scale is too large for a singlgrextor to take on, given the technical,
administrative, and financial capabilities of tlmtractors that could be procured.

The construction project comprises various disegdisuch as civil, mechanical, electrical,
etc., and there is no suitable contractor.

Where construction packages are physically seghfaisn each other, and separate site
management is required for construction work.

The construction work requires a variety of plamd @quipment that a single contractor
cannot manage.

The construction work requires various skills argegtise that no single contractor can
possess.

The executing agency must consider all possiblebaoations of contract packages and decide on the
most favorable combination based on the opinionscarisultants and experts, considering the
management cost advantages and disadvantages.

In the case of Nepal, if the construction work @nplex and requires advanced technology and
equipment, ICB should be applied, but if the careion work is not difficult, NCB may be applied by
keeping the project cost below NRs. 5 billion. e ttase of landslide, if the construction workas n
complicated and the estimated project cost is tlkeas NRs.5 billion, the single package should be
applied to a single line.
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Chapter 5. Methodology of Selection of Priority Sites

A list was created to identify priority sites famidslides on Nepal's NHs based on the occurreriices o
road landslides and the social situation menticaisae.

This survey combined route-based and site-basdysasato conduct a multifaceted evaluation. In the
route-based analysis, important routes were seldgtex simple method using indicators such as risk,
DOR'’s priority, and population density for eachtmwconsidering the validity of government policies
and their impact on economic development. A stsbrdf route-based analysis was created for those
parts of the targeted routes that are high riskfandhich DOR has requested assistance. On tier ot
hand, for site-based analysis, firstly, high-rigkswere extracted as a longlist based on orssiteeys

of several recurrent damaged sites. Then, a costfibeanalysis for engineering measures was
conducted for available benefits, and economidalhgible sites were selected as shortlist of ildizi

site analysis. We processed these two evaluatidhaue in parallel, organized the risk sites exgdct
by each method into a comprehensive shortlist, slelcted 16 sites as candidate sites for priority
engineering measures projects.

Priority Site Selection (Shortlisting) from Target 9 National Highways

Route-based Analysis s - l .
Analysis of the alignment with road disaster prevention Individual Site Analysis _
policies and socio-economic development impact. Econor_mc R'S_k Assessment a_nd Cost-Benefit
Analysis of Site for the Pre-disaster Investment
lazard TPOR’s priority 'opulationdensity [Selection resultof risk
H: Highest H: Highestpriority plong the road | Site Target : 216 sites J
M: Moderately M: Moderate D: Dense [Select: Over 15point
high priority
[5: Slightly high  [s: Slightly priority [S: Sparce Risk index for longlist
= . . = Hazard Index (probability) * Consequence Index
3 points 5 Tpont 7 ponts [ poinis. not selected (el Yoltamea <, detiur, distanis)
HO3 Mid Hill Highway :2points 2 points. 2 poinls B points. not selected
H08 Koshi Highway SE 517 point Zpaints [ points: nol selected Site Longlist : 33 sites |
H25 Dumre-Beshisahar-Chame |5 1 point 2 poinis. 1 pont P points. not selecied J
H34 Araniko Highway 2 points {1 point PP:3points P points: not selected X B . .
T TS PaE IS L T Se|ecl|ng_ Cntenafor the shortlist
Ha1 Tribhuvan Highway 1 point 5.1 point -3 points B points. not selected 'ECOFTOH"\I'CBNV feaSIb!e )
H44 Narayanghhat -Mugling 3points. 2 points. Z points 12 points: not selected *No significant negative impact
H47 Siddhartha Highway 1°2 points 2 points. Z points B points: not selected f
Site Shortlist : 9 sites
Selected 1 Route : NH37 with 7 sites g &

Comprehensive Shortlist: 16 sites

Source: JICA Survey Team

Figure 5-1 Policy of the Priority Site Selection (Rute-based Analysis and Individual Site
Analysis)
Table 5-1 shows the selection results of priority sites éagineering measures as a comprehensive
shortlist. The technical difficulties shown in ttadole are defined as follows.

Difficulty: DOR will need technical support fromg@an and other sources for risk assessment, planning
investigation, design, cost estimation, and cortibn supervision. In planning, it may be econoritjca
more effective to change the road alignment bydmg tunnels, bridges, etc., rather than taking
measures against slopes.

Moderate: Not at a level that DRO can handle; teethsupport from GESU is required, and technical
support from Japan is also considered effective.

Easy: Planning, designing, and managing constmetidRO is possible with simple technical advice.
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Table 5-1 Selection Result of Priority Sites for Egineering Measures (Comprehensive Shortlist)

Risk DOR’s

NH Chainage LtEiaills :ggrfl)((ing g{i\cr)wrli(ti%g Route-pased Eggt_%d Tt'ac.hnical

y No. o (October Analysis Analysis Difficulty

Longlisi 10, 2023

NH25 45+150 L21 16 23 v Medium
NH37 42+000 K9 68 3 v Medium
NH37 46+000 K8 73 4 v Medium
NH37 56+420 K7 63 2 v Medium
NH37 61+627 K6 119 7 v Difficult
NH37 63+885 K5 62 1 v Difficult
NH37 66+565 K4 85 6 v Difficult
NH37 69+365 K3 84 5 v Difficult
NH44 20+000 L5 34 N.A.* v Difficult
NH44 21+500 L2 1 N.A. v Difficult
NH44 31+400 L25 4 N.A. v Medium
NH44 33+150 L24 14 N.A. v Medium
NH44 33+800 L26 15 N.A. v Medium
NH47 35+500 SHO3 9 9 v Easy
NH47 46+400 SHO09 29 14 v Easy
NH47 87+400 SH18 12 12 v Medium

*NL.A.: Not Applicable

Source: JICA Survey Team
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Chapter 6. Route-Based Analysis for Selecting Priority Sites

6.1. Result of Route-Based Analysis of Priority Sites

The NHs are evaluated using three criteria, whichicate the situations of the highway (i.e., route-
based analysis). The analysis is done based @tties aggregating individual scores of threergiite
namely (i) hazard level (risk level of the routeakated by the density of the hazards and the numbe
of human life loss and injury), and two criteriacoinsequence level (ii) DOR’s policy priority anid)

population density of along the routes). The reisishown inTable 6-1

Table 6-1 The Result of the Route-Based Analysis for SelectirPriority Project Sites

Highway Hazard level |DOR'’s priority  |Population densitylAnalysis result of risk level:
H: Highest H: Highest along the road Rating multiplier for each
M: Moderately [M: Moderate |D: Dence assessment
high S: Slightly M: Moderate
S: Slightly higt S: Spars
NHO02 Mech H:3 points S: 1point M: 2 points 6 points
NHO03 Mid Hill M:2points M:2 points M: 2 points 8 points
Highway
NHO08 Koshi S: 1 point S:1 point M:2 points 2 points
Highway
NH25 Dumre S:1 point M:2 points S:1 point 2 points
Beshisahe-Cham
NH34 Arniko M:2 points S:1 point D:3points 6 points
Highway
NH37 Kanti H:3 points H:3points M:2 points 18 points
Highway
NH41 Tribhuvar |S:1 point S:1 point D:3 points 3 points
Highway
NH44 Narayangh|H:3points M:2 points M:2 points 12 points
-Mugling
NH47 Siddharthi |M:2 points M:2 points M:2 points 8 points
Highway

Route danger: Highest: 3 points, Medium-high: 2 fmislightly high: 1 point
DOR priority: Highest: 3 points, medium prioritypdints, low priority: 1 point
Roadside population density: Dense: 3 points, MedRipoints, Low: 1 point
Source: JICA Survey Team

As a result of the route-based analysis, NH37 KHighway was selected as the highest-risk route.
Seven priority sites on NH37 Kanti Highway werddis in DOR’s priority list on October 10, 2023,
and the survey team assessed the high risk of seadnandslide sites by site survey and seletted t

Comprehensive Shortlist Sites, as showmable 6-2

Table 6-2 Comprehensive Shortlist Site Based on the Route-Bad Analysis

DOR National Chainage Risk Index Road Section Type
Priority Highway Code Ranking for
longlist

1 NH37 63+885 62 Kanti Highway collapse
2 56+420 63 Kanti Highway slide

3 42+000 68 Kanti Highway slide

4 46+000 73 Kanti Highway collapse
5 69+365 84 Kanti Highway collapse
6 66+565 85 Kanti Highway collapse
7 61+627 119 Kanti Highway collapse

Source: JICA Survey Team
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6.2. Evaluation of the Hazard Level by the Routes

The hazard level by route was evaluated basedeodehsity of the sites with landslides (216 sites t
were repeatedly damaged more than once were addessed on the request of DRO in this survey)
per 10km and the number of human life losses gndés on the whole route. as showrTatble 6-3.
The route density of landslides more than 0.5n0ktfilis categorized as “Moderately high,” and those
with more than 6.0nos./10km and with human lifeslasd/or injury as “Slightly high”.

Table 6-3 The Result of the Route-Based Hazard Lelve

National Cumulative Inspected Road Hazard Level Recorded Hazard Level
Highway No. Number Length (nos./10km Fatality or
of Landslides (km) Casualty
NHO02 12 352 0.3 Slightly high
NHO03 92 1155 0.8 Moderately high
NHO08 13 320 0.4 Slightly high
NH25 38 96 4.0 Slightly high
NH34 67 112 6.0 Moderately high
NH37 33 49 6.7 2-person Highest
causalit
NH41 13 136 1.0 Slightly high
NH44 32 26 12.3| 4-person fatality Highest
NH47 98 184 5.3| Several person| Moderately high
fatalities

Source: JICA Survey Team

6.3. DOR'’s Policy Priority

DOR shared the list of the priority sites for immplenting landslide engineering measures shown in the
JICA Survey Team on 10 October 2023. The priorigsvdetermined based on the analysis of the
expected improvement of the usefulness of the ngpibem the implementation of engineering measures
on the hazardous sites. NH37, with the highestityiavas scored as “H (highest priority),” and eth

on the list as “M(moderate).”
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Table 6-4 DOR List of Priority Sites for Landslide Engineering Measuregas of 1¢" October

2023
DOR |NH Code |Chainage [Risk Index |Road Section Landslide Type Priority
Priority Ranking for Category
longlist

1 NH37 63+885 62 Kanti Highway collapse H: Highest
2 56+420 |63 Kanti Highway slide
3 42+000 (68 Kanti Highway slide
4 46+000 (73 Kanti Highway collapse
5 69+365 84 Kanti Highway collapse
6 66+565 85 Kanti Highway collapse
7 61+627 119 Kanti Highway collapse
8 NH44 33+000 |6 Narayangh« Mugling [collapse M: Moderate]
9 NH47  [35+500 |2 Siddartha Highway _[slide priority
10 48+600 8 Siddartha Highway |collapse
11 56+200 11 Siddartha Highway [slide
12 87+400 12 Siddartha Highway |collapse
13 39+600 |28 Siddartha Highway |road shoulder collapse
14 46+400 29 Siddartha Highway |collapse
15 49+800 (30 Siddartha Highway [slide
16 NHO03 37+900 |25 Pokhara- Baglung |slide
17 36+400 |26 Pokhara- Baglung |slide
18 26+200 |27 Pokhara- Baglung |slide
19 51+500 |33 Pokhara- Baglung [collapse
20 NH25 45+150 16 Dumre-Besisahar- |[collapse

Chamt
21 61+100 18 Dumre-Besisahar- [collapse

Chamt
22 62+500 19 Dumre-Besisahar- |[collapse

Chamt
23 101+800 (31 Dumre-Besisahar- [collapse

Chamt
24 NHO3 4+000 201 Khurkot-Halesi collapse

Source: JICA Survey Team

6.4. Population Density along the Routes

Table 6-5shows the size of the population and the numbapo$eholds that benefitted from landslide

risk reduction project inwards where the NHs pd@b& population, number of households, area width,
and population density of each ward are reviewdw dlata on the population and the number of
households are based on the National Populatiofaoding Census 2021. The population density was

categorized as “Sparce” when the density is belo® dersons/ ki “Moderate” when 100 to 500
persons/ krf) and “Dense” when over 500 persons?km
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Table 6-5 Population, Number of Household, and Popation Density along the Routes

L . Popu_lation Population
Route District PopulationHousehold|Area(kn?) |density densi
. - [density
(population/kn?)
llam 82,74« 21,35¢ 29¢ 27¢
Jhapi 143,77. 35,29; 22€ 63€
Panchthe 51,14 12,95: 224 22¢|, ..
NHO2 Mech Taplejun 46,85 11,85 1941 24 M: Moderate
Total/Average fof 324,515 81,460 2649 121
population densi
Sindhul 24,88 5,75( 272 92
Udayapu 2,328 552 31 75
Okhaldhung 10,76: 2,391 82 131
Khotan 13,38: 3,00¢ 10¢ 124
NHO3 Mid Hill Ramechha 10,54 2,85¢ 112 94 M: Moderate
Highway Baglun 9,41( 2,651 26 363
Kaski 2,36: 654 6 412
Parba 38,04¢ 10,71¢ 80 47¢
Total/Average fof 111,717 28,57y 716 1%6
population densi
Bhojpul 7,36¢ 1,78 87 84
Dhankuti 43,55¢ 11,47: 17t 25(C
. Morang 228,11. 53,35¢ 87 2,60¢
ﬂgﬂf\la'(yos“' Sankhuwasabl | _ 53,57 _ 13,84(| _ 1,30¢ 41]M: Moderate
Sunsal 264,27. 67,33: 14z 1,851
Total/Average fof 596,879 147,78p 1,801 381
population densi
Lamjunc 34,24¢ 9,50: 42¢ 80
NH25 Dumre- Manan( 2,68¢ 78€ 41€ 6|.. Sparce
Beshisahar -Chame| Total/Average fo 36,934 10,289 843 4%’ P
population densi
Bhaktapu 214,33t 55,39 44 4,86¢
. Kabhrepalanchc 89,00¢ 22,60¢ 143 621
ﬂ;ﬁjv’;;a”'ko Kathmand 335,46( 92,06 21¢ 1,52¢]D: Dense
Sindhuripalcho 69,69( 18,98t¢ 50¢ 137
Total/Average fof 708,498 189,05p 914 775
population densi
Lalitpur 13,70: 3,33( 56 24:
NH37 Kanti Makawanpu 21,09° 4,681 17¢€ 11€| .. Moderate
Highway Total/Average fof 34,800 8,011 234 14Y"
population densi
Dhading 26,95! 6,471 75 357
. Kathmand 265,51 71,55¢ 33 8,03(
Hgﬁiv;y”bh”"ar Makawanpu 43,77¢] 10,97 20¢ 192|D: Dense
Total/Average fof 336,239 89,009 337 999
population densi
Chitwar 21,99: 5,24¢ 144 153
NH44 Narayangh- Tanahi 11,50¢ 3,057 103 112(,. Moderate
Mugling Highway | Total/Average fo 33,502 8,299 247 1E'é|'
population densi
Rupandel 34,72 8,95/ 13 2,71¢
NH47 Siddharth: Palp: 26,24 6,73¢ 18¢ 13¢| .. Moderate
Highway Total/Average fo 60,974 15,692 201 3('£ '
population densi

Source: JICA Survey Team Based on the National Popaland Housing Census 2021
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Chapter 7. Individual Site Analysis for Priority Sites

7.1. Risk Index for Longlist Selection for Priority Sites

The risk level indexes were calculated for the 2ités on 9 target NHs that were surveyed on-site.
Landslides have repeatedly damaged the 216 siteregnire engineering measures by DRO as priority.
The top high-risk sites were selected as prioitgsgor landslide risk reduction and to createralist

for consideration.

Risk was assessed as the product of the likelilamodconsequence of damage at each site.
Risk= likelihood of damagg consequence of damage
Risk was calculated by the following formula todquantitative index.
Risk index (% vehicles km/year/day) =

Quasi-annual exceedance probability of damage aflevividth road closure (%/yeary

Annual average daily traffic excluding motorcydfeshicle/day)X
Detour distance (km)

Each item of this calculation formula is explairzEdow.

Quasi-annual exceedance probability of damage otewvidth road closure (%o/year)

« Annual exceedance probability is the probabilitypbefng affected by damage in one year
expressed as a percentage. It is the reciproddleoprobability year, which indicates the
probability of being affected once in how many gear

Annual exceedance probability (%/year) = 1/probapiyear (year)

e Because it is not calculated by statistical or nucaganalysis and is assumed based on the
damage history of each risk site, it is called asiiannual exceedance probability or a quasi-
probability year of damage. In the concept of pbilitgt, the annual exceedance probability
should not be 100% or more. The probability yeausth be one year at maximum. Still, in
the assessment of the quasi-damage probabilitgjtesethat are likely to be affected n times
in a year are 100% annual exceedance probability, and 1/n prébapear is set.

« Based on satellite imagery evidence, the numbéawfages in the past 20 years is estimated,
and the quasi-annual exceedance probability of evlwatith road closure is calculated based
on the evidence of satellite images over the pastears. If the damage caused by whole-
width road closures is not acknowledged, the qdasiage annual exceedance probability
was evaluated as the following as an experiensiimation of the unique setting for this
assessment.

« If the damage is less severe than the road shodateage, the quasi-annual exceedance
probability year of whole-width road closure is smtered 1/5. If one lane is closed, it is
evaluated as 1/2. In other words, the quasi-prdibagear of whole-width road closure is
assessed by multiplying it by two if the damages$s severe than the road shoulder damage
and by five if one lane is closed.

Annual average daily traffic (AADT) excluding mobycles (vehicle/day)

* Considering the degree of social impact causedasg tandslides, it is necessary to select
sites with a high-risk level of damaged sites thlabuld be prioritized, so we prioritize
logistics transportation, which has a high socigact; the risk index is calculated using the
annual average daily traffic volume excluding moyaie traffic (AADTemc). However, the
annual average daily traffic volume, including nratales (AADT), will also be calculated
as a reference index.
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Detour Distance (km)

e The concept of a detour highway is showifrigure 7-1 For roads with two or more lanes,
two or more lanes are considered detour highwaystdads with more than 1.5 lanes, more
than 1.5 lanes are considered detour highwaysp&eed roads, unpaved roads are not
considered detour highways.

« With the above settings, the longest detour rost890km. For a site with no detour,
calculations are made using a detour distance @kr8Qwhich can be differentiated from
390km of the longest detour distance of a sitevtodathe risk index from infinity.

Intersection of origin side

3Ei¥:|uated road <Detour road sections

Evaluated road
sections.

Intersection of destination side

Source: World Bank-GFDRR 2020: Road Landslide Risk Mamant Handbook Operation Manual
Figure 7-1 The Concept of Setting Detours

7.2. Selection Criteria for Longlist

The following risk indexes were calculated for Zites surveyed on the target NHs, as described in
"5.2. Road Landslide Risk Assessment"(Annex A.1l. Li®f 216 sites).The top high-risk sites were
selected as priority candidates for risk reducpoojects and to create a longlist.

Risk was calculated by the following formula todquantitative index.
Risk index (% vehicles km/year/day) =

Quasi-annual exceedance probability of damage aflevividth road closure (%/yeary
Annual average daily traffic excluding motorcycfeshicle/day)x
Detour distance (km)

The threshold for selection was defined as sitéls avrisk index of 100,000 (% vehicles km/year/day)
or greater. This selection criteria were set ooadeswhere the number of selected sites exceedsdo,
the estimated overall project cost exceeds NR&illiOn. Furthermore, it is assumed that the number
of sites will be selected during shortlist selettio
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7.3. Formulation of Longlist

33 sites with risk index values exceeding 100,0%0vehicles/km/year/day) were selected for the
longlist. Table 7-1summarizes the sites selected for the longlist,igndetailed indexes are presented
in Table 7-2 The selected sites are shownFigure 7-2to Figure 7-6. The 216 sites surveyed are
ranked in order of priority by the risk index cdkted, and the index values are showAmmex A.2.
Risk index ranking.

The items listed iTable 7-2are explained below.
Type of Landslide: Type of landslide, SEable 3-3.
Historical Failure Volume: Seleigure 3-7 and its explanation.

Annual Exceedance Probability Damage to the WhaadRWidth (%/year): Quashi annual landslide
damage probability (%/year)

Measures for the hazard itself: Measures to stabg#ources of collapse, landslides, debris flond, a
erosion.

Road protection measures from hazards: Road pimtetieasures include catch works from collapse,
landslide, debris flow, or erosion.

Hazard avoidance by shifting road alignment: Avama by shifting the road away from sources of
collapse, landslides, debris flows, and erosion.

Table 7-1 Summary of Priority Sites of Nine TargetNHs

NH Highway Name DOR No. of No. of Percentage
Code Priorities | Inspected sites| Selected site in longlist
NHO2 | Mechi Highway 5 0 0%
NHO3 | Mid Hill Khurkot - Halesi v 22 0 0%

Highway | pPokhara - Baglug v 40 8 20%
NHO8 | Koshi Highwa 12 0 0%
NH25 | Dumre-Beshisahar-Chame 4 15 4 27%
NH34 | Araniko Highwa 34 0 0%
NH37 | Kanti Highway v 13 0 0%
NH41 | Tribhuvan Highwa 10 0 0%
NH44 | Narayanghat-Mugling 4 11 11 100%
NH47 | Siddhartha Highway v 54 10 19%
Total 21€ 33 15%

Source: JICA Survey Team

A summary of the selected sites is showhigure 7-2

119



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

Longlist 33 Location Map |

Legend: No of National Highway | Name of National Highway Target Distance
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Figure 7-2 Map of Priority Sites on the Longlist
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Table 7-2 Longlist of Priority Sites of Target NineNHs

Landslide Site Annual
Exceed_a_nce AADT Detour Measures for the
. Historical Probability excl. Road . hazard itself Road protection Hazard
Risk — . Type of | Failure |Damage to the MC, Sections| RISk NdeX | (collapse source | measures from hazarisvoidance by
Rg‘::i:g :?g';::\',:’ ) S Chainagd N;r?::e%:gc Inventory | Landslide|Volume V=| Whvt\J’I;tﬁoad l?zu(:)l;sll';:\;v)s (km). measures, Slide| (falling rocks and | shifting road
- No: L*W*D1/3 prevention/controlf collapse catch works) alignment
Code ption (%lyear) q
erosion measures))
=AAEP*AAD
AAEP AADTeme DR |10 CoR
Narayanghat- Mauri Frame work with
1 NH44 Mugling 21+500 [Bridge L2 Flow 25,00/ 25 7,607 500 950,875rock bolt Check dams Bridge
Siddhartha Earth work, Reinforced
2 NH47 Highway 35+500 | Jhumsa SHO03 Slide| 18,p12 30 7j211 366791,768subsurface drainage Catch works Earth
Narayanghat- Retaining and breast
3 NH44 Mugling 15+100 | Bhangadi L3 Collapsg 5,350 20 7,607 500 760,70QSurface drainage |walls
Frame work with
Narayanghat- Namshi ground anchor,
4 NH44 Mugling 31+400 [Khola L25 Collapse| 5,600 20 7.6p7 H00 760,70Qsurface drainage
Siddhartha Hiyeude
5 NH47 Highway 39+500 |Khola SHO6 Flow 20,833 25 7,211 366 659,801Frame work Check dams
Narayanghat- Nyanse rock bolt, surface |rockfall protection
6 NH44 Mugling 33+000 |River L7 Collapse 13,140 15 7,6p7 §00_570,524drainage barriers
i Siddhabab:
7 NH47 Highway area SHO1 Collaps: 32,375 20 7,p11 366 527,84t
Siddhartha Near Dumre| Cutting, reinforced
8 NH47 Highway 48+600 [Bazar SH10 Collapsg 15,000 20 7,211 B66 527,84%earth wall
Siddhartha Cutting, reinforced
9 NH47 Highway 38+000 SHO05 Collaps 6,600 15 7,p11 366 395,884earth wall
from
Siddhartha Bartung Earth work,
10 NH47 Highway 56+000 |Bazar SH13 Slide 5,885 15 7,411 66 395,884subsurface drainage Catch works X
Siddhartha from Earth work,
11 NH47 Highwa 56+200 [Bartung SH14 Slide 9,333 15 7,211 66 395,884subsurface drainage Catch works X
Siddhartha Frame work with
12 NH47 Highway 87+400 | Ramdi -1 SH18 Collapge 20,p00 15 71211 366395,884ground anchor
Narayanghat- Carriagewa Frame work with
13 NH44 Mugling 26+500 L6 y Collaps¢ 7,000 10 7,607 5p0 380,35Qground anchor
23June 201f
police Cutting work,
Narayanghat- killed, 1 frame work with
14 NH44 Mugling 33+150 truck buried L24 Collapsq 20,0p0 10 7,607 00 380,35(ground anchor
Narayanghat- Frame work with
15 NH44 Mugling 33+800 | Tuin khola L26 Collaps: 14,900 10 7,607 500 380,35Qrock bolt
Dumre- High-intensity net
16 NH25 |Besisahar-Chanje  45+150 L21 Collapse 1264000 25 ,673 50009,125with bioengineering
Narayanghat- Frame work,
17 NH44 Mugling 34+500 | Tuin Khola L23 Collapst 11,117 5 7,607 500 190,179surface drainage
Dumre- Frame work, Rockfall protection
18 NH25 |Besisahar-Chanle  61+100 L12 Collapse 17,000 20 ,673 50067,300surface drainage |wall
Dumre- Frame work, surfade
19 NH25 hanje  62+500 L20 Collapse 12,500 20 673 50067,30f 1
Nayapool
Pokhara- Flow, Check dams, bank
20 NHO03 Baglung 58+700 |Kushma PB03 Flow 87,780 20 1,597 00 159,70 protection
Pokhara- Armadi 1,
21 NHO03 Baglung 57+400 |Kushma PB04 Collaps: 1,085 20 1,597 B00 159,70QFrame work
Damdar
Pokhara- khola,
22 NHO03 Baglung 52+500 |Kushuma PB11 Flow 31,680 20 1,997 00 159,70 Check dams
Dobhan
Narayanghat- (Seti & Frame work with ~ [Masonry wall, Flow
23 NH44 Mugling 21+300 |Trisuli) L1 Collapse 2,125 4 7,607 5p0  152,140rock bolt protection wall
Narayanghat- Carriagewa
24 NH44 Mugling 16+000 | Dasdhungg L4 |y Collapsg 82) 4 7,607 5p0_152,144Crib-walls
Pokhara- Nayapool 4, Earth work,
25 NHO3 Baglung 37+900 |Kaski PB36 Slide 125,090 10 3,017 400 150,85@subsurface drainage Catch works X
Pokhara- Nayapool 5, Earth work,
26 NHO3 Baglung 36+400 |Kaski PB37 Slide 40,090 10 3,007 §00 150,85(Qsubsurface drainage Catch works X
Pokhara- Pandung, Earth work,
27 NHO03 Baglung 26+200 |Kaski PB38 Slide 1,350,000 10 3,017 00 150,85(subsurface drainage Catch works X
Siddharth Neal
28 NH47 Highwa) 39+600 [Hiyeude SHO7 Collapsg 6,0p0 5 7,211 66 131,961Frame work
Cutting,
bioengineering,
Siddhartha Near breast wall, surface
29 NH47 Highway 46+400 |Charchare SHO9 Collapsp 8,400 5 7,11 366 131,961drainage
Siddhartha Lower Earth work,
30 NH47 Highway 49+800 |Dumre SH12 Slide 17,000 5 7,211 66 131,961subsurface drainage Catch works X
Dumre-
31 NH-25 |Besisahar-Chanje  101+80 L19 Collapse 80,000 15 ,673 5002547 Reinforced earth wall|
[Saharshadt
Pokhara- ra2, Cutting work,
32 NHO03 Baglung 58+700 |Kushhma PB02 Collaps: 14,405 15 1,p97 500 119,77%gabion wall
Pokhara- Paradi Slide,
33 NHO3 Baglung 514500 |Kushma PB21 Collapst 66,667 15 1,597 500 119,775Reinforced earth
Narayanghat-
34 NH44 Mugling 20+000 | Gaighat L5 Flow 200 3 7,607 500 114,103Surface drainage | Check dams

Note: DOR plans engineering measures to NH47 Siddahddighway, Siddhababa area, risk index ranking,odnd not
included in longlist. Detailed tables are showmifi. Longlist sites and the other assessment sites
Source: JICA Survey Team
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Figures 7-2to 7-6 show the selected sites by route. The numbersanrdtongside each map are the
Risk Index Ranking.
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Figure 7-4 Map of Priority Sites on the Longlist (NH47, Siddhartha Highway)
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Figure 7-6 Map of Priority Sites on the Longlist (NH25, Dumre-Beshisahar-Chame)
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Although the two highways with DOR’s priority sitéisted on 10th October 2023 below were not
selected for the longlist, they were also revievgeihrity sections of the DOR: The sites with rialaty
high-risk indexes and sites where DOR expectediasgie were selected as priority consideratios.site
The details are shown ifable 7-3, Table 7-4, Figure 7-7, and Figure 7-&s with the sites selected
for the longlist, Engineering measures is also psep to provide technical advice to DOR.

NH37 Kanti Highway, 7 sites.
NHO03 Mid Hill Highway (Khurkot — Halesi Sectior,sites.
Table 7-3 List of Sites of Engineering Measures Planning (NH37: Kanti Highway 7 sites)

Annual
Exceed?pce AADT Detour Measures for the|
sk Historical Probability excl. Road . hazard itself Road protection Hazard
IR("S N — Typeof | Failure |Damageto the MC, Sections| RISk Index source from idance by|
R:nl?i: Hia:w; Road Section Chaina eNar(:SI:I’ZZC : Inventory | GeohazardVolume V=| Whol_z and Rlcksl}aws (km) measures, Slide| (falling rocks and | shifting road
9 ghway < _ No: L*W*D1/3 i vz prevention/control| collapse catch works) alignment
Code ption (%lyear) 2
erosion measures)
=AAEP*AAD
AAEP AADTemc LI orkittag
NH37 69+365 |Narayanghal K3 Collapse 44,001 10 2,307 152 35,07
84 Kanti Highway slide Reinforced earth wall X
NH37 66+565 |Karukibas K4 Collapse 142,49 10 2,3p7 152 35,07
85 Kanti Highway slide Reinforced earth wall X
23rd
September
2020, two
people were
62 NH37 Kanti Highway 63+885_[injured K5 Collapse 18,95¢ 20 2,307 152 70,14 Reinforced earth wall X
NH37 61+627 |Chhapeli K6 | Collapse| 58,32 5 2,307 162 1753
119 Kanti Highway Slide Reinforced earth wall X
Earth work,
63 NH37 Kanti Highway 56+420 K7 Slide 21,990 20 2,307 152 70,14Qsubsurface drainage Gabion wall X
NH37 46+000 K8 Collapse| 98,000 15 1,946 52 42,08
73 Kanti Highway Reinforced earth wall| X
Earth work,
68 NH37 Kanti Highway 42+000 K9 Slide 196,000 20 1,846 152 56,10¢subsurface drainage Gabion wall X
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Figure 7-7 Map of Sites for Engineering Measures Assessment (NH37 Kanti Highway)
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Table 7-4 List of Sites with Consideration of Engineering Measures (NH03:MID Hill Highway

Khurkot-Halesi)
Annual
E:ue::: AeAer Detour Measures for the
- Historicat [ PrO% 7 Rosd [ - hazard itsalf Road protaction Hazad
::: National Locat Typeof Failure Ty b e 'MC, Sactions Risk Index (collapse source  |measures fromhazards | avoidance by
Rmki:g S _— ) | Loca0n | ooy | Gaohazart | Votume v=| WholeRosd | Rickabavs | = ) measures, Stide | (fallingrocksand | shftingroad
HL | BERED | e D] Lewspls| Wik [ (02122) prevention/control, | coltapse catchwods) | atignment
Code ption (96yeas) e
AN AMDTem DR T-(D:m
15+600 (Ch
0+000at Shotcrete fame
170 | NH03 | KhukotHatesi | Hitepani) [Khotane HK=5 | Coltapse 1.100 2 07 274 4916]work: with rock bott
Chyalutar
28-060(0~00 | Photo Reinforcad sarth
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Figure 7-8 Map of Sites for Engineering Measures Assessment (NH03 MID Hill Highway
Khurkot-Halesi)
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Chapter 8.Natural and Social Conditions of Candidate Priority Sites

8.1. Survey of Natural and Social Conditions

A total of 33 sites were selected to the longlssimalividual site analysis, which consisted of tésson
NH44, 10 sites on NH47, 8 sites on the Pokhara4Bagbection of NHO3, and 4 sites on NH25. Apart
from the longlist, DOR requested the survey tearmspect the sites of the two routes that were not
selected for the longlist, which required road Eim# engineering measures in August 2023 by the
survey team experts and provide recommendatiorsdigg engineering measures. DOR requested to
add 11 sites, including 4 sites on the Khurkot-Kiadection of NHO3, and 7 sites on NH3@ble 8-1
summarizes the natural and social conditions oS&lected longlist sites and sites requested by DOR
based on the results of survey. Natural and kooraditions are described based on interviews with
DOR regional offices and Google Earth image intetqdion over the past 20 years. The statuses of

priority sites are shown iAnnex B.3 Photos

Table 8-1 Summary of the Natural and Social Conditins for the Selected and Requested Site

Chainage
Risk (Inventory
NH Indgx No.) Type of Natural Condition Social Condition
Code | Ranking Name of h
. Landslide
Ranking Area
Longlist Selected Sites
NH44 1 21+500 Flow Debris flow occurred in 2022 and Ten whole-width road closures it
(L2) 2023. 2022 and one whole-width road
Mauri Bridge Abundant unstable sediments in closure in 2023 occurred due to
upstream and steep upper slope. debris flow.
DOR contracted the Asian
Disaster Preparedness Center
(ADPS) to conduct the study and
design As of Feb 202).
3 15+100 Collapse | The collapse has spread to the Road users are at high risk of the
(L3) surrounding area and became debris landslides.
Bhangac flow partially.
4 31+400 Collapse | Large-scale collapse occurred in Eleven whole-width road closures

(L25) 2023, unstable parts also observed proccurred in 2023.

Namshi its upper slope. DOR contracted the ADPC to

Khola conduct the study and design (As
of Feb 202).

6 32+500~ Collapse | Slope collapses occurred due to road Seven whole-width road closures
33+000 e>_<cavatior_1. _ occurred in 2023. o
(L7) D|p-slop¢ joints are the cause of the| Road users are at high risk of
Nyanse progressing collapse. collap_se. _

River DOR intends to implement
engineering measures as part of
the bridge project (As of Feb
2029).

13 26+500 Carriagew | Ground anchors were installed in There are no problems with

(L6) ay 2022. drivability under the current

Collapse | After construction, minor settlement| conditions.
was observed in the adjacent sec
14 33+150 Collapse | Many small-scale collapses frequentlyEight whole-width road closures
(L24) occurred. occurred in 2023.
Unstable soil mass is recognized on| DOR is planning engineering
upper and surrounding slope. measures (As of Oct 2023).
Four police officerdeadin 2017
15 33+800 Collapse | Collapse occurred in 2023, unstable| Five whole-width road closures
(L26) parts observed on its upper slope. | occurred in 2023
Tuin Khola DOR contracted the ADPC to
conduct the study and design (As
of Fet. 2024
17 34+500 Collapse | Slope cutting is completed, and the | Slope cutting measures largely

(L23) cut slope is stable. decreased causality risk for road
user.

23 221+300 Collapse | Small collapses occurred on a gentl¢ Two whole-width road closures

(L1) slope. occurre(in the 2023 rainy seas..
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Chainage
Risk (Inventory
CNH Inde_x No.) Type of Natural Condition Social Condition
ode | Ranking Name of .
. Landslide
Ranking Area
Dobhan
(Seti&Trisuli)
24 16+000 Carriagew | Revetment was constructed. Revetment measures largely
(L4) ay No new deformations and collapses| decreased causality risk for road
Dasdunga Collaps: | are recognized. users.
34 20+000 Flow Unstable parts are observed on uppgrRoad users are at high risk of
(L5) slopes. debris flow.
Gaigha
NH47 2 35+500 Slide Large bedrock has intermittently Road users are at high risk of the
(SHO03) progressed over the past 40 years. | landslides.
Jhumse
5 39+500 Flow Debris flows frequently occurred. 1 whole-width closures in 2023
(SHO6) Abundant unstable sediments in Existing check dams filled with
Hiyeude upstream and steep upper slope arel sediment
Khola recognizec
8 48+600 Collapse | Large shallow collapses occurred. Road users driglatrisk of
(SH10) landslides.
Near Dumre
Baza
9 38+000 Collapse | Small collapses/rockfalls frequently | Road users are at high risk pf
(SHO5 occurret. landslide.
10 56+000 Slide Sliding is active. There is a school on the upper
(SH13) slope.
BartungBaza
11 56+200 Slide Sliding is active. There is a school on the upper
(SH14) slope.
Bartung
12 87+400 Slide Sliding is active. Road users are at high risk| of
(SH18) landslides.
Ramd
28 39+600 Collapse | Collapses occurred due to road Reinforced earth wall is under
(SHO7) excavation. construction as of August 2023.
Near Hiyeud Abundant sprinc arerecognize
29 46+400 Collapse | Collapses occurred due to surface | One whole-width road closurg
(SH09) water flow from upper slope occurred in 2023.
30 49+800 Slide Slide mass is slightly unstable. Several peopld.die
(SH12) Road users are at high risk pf
landslide.
NHO03 20 58+700 Flow Debris flows occurred due to land useRoad users are at high risk pf
(PB03) on the upper slope. landslides.
Nayapool
Flow, Kushmi
21 57+400 Collapse | Collapses occurred on colluvial slope.Road users are at small risk pf
(PB04) landslides.
Armadi,
Kushme
22 52+500 Flow Debris deposited on stream outlet | Road users are at high risk pf
(PB11) above the road is recognized. landslides.
Damdare
Khola,
Kushumi
25 37+900 Slide Large bedrock slides are recognized. Road usersatrkeigh risk of
(PB36) landslides.
Nayapool,
Kaski
26 36+400 Slide Large bedrock slides are recognized. Road usersatrkeigh risk of
(PB37) landslides.
Nayapool,
Kaski
27 26+200 Slide Clear slide topography is recognized. Engineering measurels
(PB38) Deformations on the ground are implemented by DOR in 2028
Pandunc observe. (upper slope onl
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Chainage
Risk (Inventory
CNH Indgx No.) Type of Natural Condition Social Condition
ode | Ranking Name of .
. Landslide
Ranking Area
Kaski €
32 58+700 Collapse | Collapse on dip-slope rock slope wereRoad users are at small risk pf
(PB02) recognized. collapse.
Saharshadhara Retailing wall constructed at toe of
Kushmg cut slope stabilies the cut slopt
33 51+500 Collapse | Existing gabion stabilized the collapseRoad users are at small risk pf
(PB21) mass. collapse.
Paradi Slide,
Kushmg
NH25 16 45+150 Collapse | Collapses occurred on colluvial slope. Road users are at high risk pf
(L21) geohazards
18 61+100 Collapse | Collapses occurred due to surface Road users are at high risk pf
(L12) waterflowing from the upper slop. geohazards
19 62+500 Collapse | Slightly stable on slope of glacial One whole-width road closurgs
(L20) deposits. occurred in 2023
31 101+800 Collapse | Collapses occurred due to surface | Eleven whole-width road closurgs
(L19) water flowing from the upper slope. | occurred in 2023

Sites Requested by DOR in August 202

3

NK37

Collapses frequently occurred

i

=

=

62 63+885 Collapse Collapse is beginning to affect
(K5) Collapsed occurred at site survey in| private houses on the upper
August 2023. slopes.
There will be seven whole-width
road closures in 2023.
On September 23, 2020, two
people were injured, and the roal
was blocked for seven da
63 56+420 Slide Slide with many cracks on its upper | The road shoulder partially
(K7) slope (hearing from DOR). collapsed.
DOR, GESU carried out electrica
exploration in 202:
68 42+000 Large slide crossing the road. Two whole-width road closure|
(K9) Slide Abundant springs are recognized. occurred in 2023.
DOR, GESU conducted an
electrical exploration in 20..
73 46+000 Collapse | Cutting slope was collapsed. Road users are at high of
(K8) landslides.
84 69+365 Collapse | The collapse is extending to the uppeOne whole-width road closure in
(K3) slope. rainy season in 2023.
There are houses on the upper
slope, and there is a possibility g
affection by collapse or further
slope excavatio
85 66+565 Collapse | The collapse is extending to the uppetDOR, GESU conducted
(K4) slope. geotechnical survey in 2023.
There are houses on the upper
slope, and there is a possibility g
affection by collapse or further
slope excavatio
119 61+627 Collapse | The collapse is extending to the uppetmpact on houses on upper slop
(K6) slope. Six whole-width road closure

occurred in 2023 rainy season
DOR, GESU conducted

1%

geotechnical survey in 20

Source: JICA Survey Team
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8.2. Peak Flow Rates of Flood/Debris at Debris Flow RisKites

Table 8-2gives the five flow sites of the longlist. At tleedebris flow risk sites, the amount of rainfall-
runoff within the target safety level of the centaiumber of probability years and debris flow peak
discharge are required. In addition, engineeringsuees against flows was conducted according to the
following Japanese Standards and Guidelines:

® Manual of Technical Standards for Establishing Sdlaster Plans for Debris Flows and
Driftwood, by National Institute for Land and Inftaucture Management (NILIM), Ministry
of Land, Infrastructure and Transport, Japan, 2016

® Manual of Technical Standards for Designing Salmlifies for Debris Flows and Driftwood,
by National Institute for Land and Infrastructurehgement (NILIM), Ministry of Land,
Infrastructure and Transport, Japan, 2016

® Technical Guidelines for Debris Flow Control Meassgyrby Sediment Control Department
(SCD), River Bureau, Ministry of Construction, Japa000

® Guideline for Survey of Debris-Flow-Prone Streamd &urvey of Debris Flow Hazard Areas,
by Sediment Control Department (SCD), River Burddimjstry of Construction, Japan, 1999

Table 8-2 List of Selected 5 Debris Flow Sites

Risk | National | GPS Coordinate (WGS84) and Elevation
. ) . nventory
Indgx Highway Road Section Chainage No- Latitude Longitude Elevation
Ranking Code (North) (EaSt) (m)

1 NH44 | Narayanghat-Mugling  21+50( L2 27°49'3.74"N 8MBB5"E 232.0
5 NH47 Siddhartha Highway SHO6 27°46'2.50"N 83°31489 | 452.3
20 NHO3 Pokhara-Baglung 58+700 PBO03 28°14'43.96"N 834388"E 692.9
22 NHO3 Pokhara-Baglung 52+500 PB1] 28°13'43.64'N 833B3'E 868.4
34 NH44 Narayanghat-Mugling  20+00( L5 27°48'43.06'N ZAP.59"E 200.0

Source: JICA Survey Team

8.2.1. Design Reference Point

Following the Manual of Technical Standards foralefshing Sabo Master Plans for Debris Flows and
Driftwood (NILIM, 2016) and Technical Guidelinesrf®ebris Flow Control Measures (SCD, 2000),
the design reference point shall be the point whisgequantity of sediment and driftwood handled by
the sediment control plan is determined. The desgjarence point was set at the exit where the
mountain stream meets the road, just upstreameofdhd to be preserved. Accordingly, these design
reference points for the selected 5 debris floessitere determined, based on site survey, jusieat t
upstream of the NHs to be protected from debrisgld=igure 8-1shows the river basin of each stream,
in which the boundary of river basin was delinediggink line and design reference point by redhpoi
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Figure 8-1 River Catchments of Each Debris Flow Stream
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8.2.2. Planed Rainfall Intensity
(1) Overview

Following the Manual of Technical Standards forabishing Sabo Master Plans for Debris Flows and
Driftwood (NILIM, 2016), in principle, a debris fl@including driftwood that is considered highlydily

to occur accompanying the exceedance probabilitghef 24-hour rainfall or daily rainfall were
estimated and calculated.

In addition, the daily rainfall records are collegttfor calculating rainfall intensity, from threainfall
monitoring stations. They are Bharatpur Station.(8&y), which is close to risk index ranking 1 (L2)
and risk index ranking 34 (L5) sites on NH44, Kush8tation (No. 614), which is close to risk index
ranking 20 (PB03) and risk index ranking 22 (PB4i18s on Pokhara-Baglung Section of NHO3, and
Tansen Station (No. 702), which is close to righeiranking 5 (SHO06) site on NH47. These rainfall
monitoring stations are shown Kigure 8-2 to Figure 8-4.
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Figure 8-2 Location Map of Bharatpur Rainfall Monitoring Station
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(3) Annual Rainfall

Bharatpur Station

The time series of annual rainfall of BharatpurtiStawas developed by analyzing the daily rainfall
records from 2001 to 2022. The annual rainfall rdsmf the station are presentedTable 8-3 and

Figure 8-5. The result shows that the highest annual raiafalbunt is 3232 mm in the year 2007; and
the lowest annual rainfall amount is 1485mm inythar 2008. The mean annual rainfall of the station

is 2188 mm.
Table 8-3 Annual Rainfall Records of Bharatpur Staion
Annual Annual Annual Annual
Year Rainfall Year Rainfall Year Rainfall Year Rainfall
(mm) (mm) (mm) (mm)
2001 254( 2007 323: 201: 190: 201¢ 1607
200z 193¢ 200¢ 148~ 201¢ 1981 202( 309:
200: 2981 200¢ 161¢ 201¢ 208: 2021 265(
200¢ 2117 201( 221( 201¢ 233: 202z 270t
200~ 185¢ 2011 215z 2017 2041 Mear 218¢
200¢ 152 2012 1871 201¢ 222¢

Source: JICA Survey Team
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Source: JICA Survey Team
Figure 8-5 Annual Rainfall Records of Bharatpur Stdion
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Kushma Station

Similarly, the time series of annual rainfall of fuma Station was developed by analyzing the daily

rainfall records from 1980 to 2022. The annualfadis of the station are presentedTable 8-4 and

Figure 8-6. The result shows that the highest annual rdiafabunt is 3671 mm in the year 2020; and
the lowest annual rainfall amount is 1934 mm inytbar 2005. The mean annual rainfall of the station

is 2566 mm.
Table 8-4 Annual Rainfall of Kushma Station

Annual Annual Annual Annual

Year Rainfall Year Rainfall Year Rainfall Year Rainfall
(mm) (mm) (mm) (mm)

1980 2195 1991 2308 2002 2637 2014 2742
1981 271F 199: 213¢ 200¢ 296: 201¢ 238¢
1982 255¢ 199: 2751 200¢ 234( 201¢ 238:
198: 251: 199 259¢ 200¢ 193¢ 2017 226¢
198¢ 258¢ 199¢ 287¢ 200¢ 228: 201¢ 211¢
198t 240: 199¢ 285t 2007 292¢ 201¢ 205¢
198¢ 264¢ 1997 277 200¢ 235¢ 202( 3671
198 2341 199¢ 284( 201( 252¢ 2021 350¢
198¢ 2241 199¢ 280: 2011 2457 202z 245¢
198¢ 268¢ 200( 3162 2012 2021 Mear 256¢
199( 270¢ 2001 2651 201: 238¢

Source: JICA Survey Team

Annual Rainfalls of Kushma

Rainfall (mm)

Figure 8-6 Annual Rainfalls of Kushma Station
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Tansen Station

The time series of annual rainfall of Tansen Statvas developed by analyzing the daily rainfalbrels
from 1980 to 2022. The annual rainfalls of theistaire presented ifable 8-5andFigure 8-7. The
result shows that the highest annual rainfall ath@u®750 mm in the year 2021; and the lowest annua
rainfall amount is 1048 mm in the year 2019. Thamannual rainfall of the station is 1634 mm.

Table 8-5 Annual Rainfall of Tansen Station

Annual Annual Annual Annual
Year Rainfall Year Rainfall Year Rainfall Year Rainfall
(mm) (mm) (mm) (mm)
198( 180¢ 199: 117: 2007 1571 2017 168:
1981 1981 199: 174¢ 200¢ 153¢ 201¢ 136:
1982 158( 199 1441 200¢ 134« 201¢ 104¢
198: 142¢ 199t 170 201( 173¢ 202( 226¢
198¢ 153« 199¢ 163¢ 2011 112¢ 2021 275(C
198t 144¢ 199¢ 209: 201z 194: 202z 198(
198¢ 210¢ 200: 179¢ 201: 253: Mear 163¢
198 138 200¢ 150¢ 201¢ 1431
198¢ 1772 200~ 129 201¢ 110¢
198¢ 1271 200¢ 113( 201¢ 1581

Source: JICA Survey Team
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Source: JICA Survey Team
Figure 8-7 Annual Rainfalls of Tansen Station
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(2) Frequency Analysis

The frequency analysis of annual maximum daily fedirwas performed employing the Gumbel
distribution function to determine the design dadynfall of different return periods. The cumulati
distribution function (CDF) of the Gumbel distriirt is as presented below:

F.(x) =exp [— exp (— %)]
u=x-05772a
= \/gsx

A

a

Where,
Fx = Cumulative probability
u, a = Parameters of the function
X = Annual maximum daily rainfall

Sx= Standard deviation
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Bharatpur Station

The annual maximum daily rainfalls from 1980 to 2@ Bharatpur Station (s@able 8-6) are used
for frequency analysis to determine the designydaiinfall of different return periods. The Gumbel
distribution was employed to analyze and fit theveun the annual maximum daily rainfall of the
station. The Gumbel distribution function curves fivell with the observed annual maximum daily
rainfalls of the stationHigure 8-8). Table 8-7gives the design daily rainfalls of the stationddferent
return periods.

Table 8-6 Annual Maximum Daily Rainfall of Bharatpur Station

Annual Annual Max. Annual Annual
Max. Daily Daily Max. Daily Max. Daily
Year | “painfall | "¢ | Rainfall Year | “Rainfall | Y83 | Rainfall
(mm) (mm) (mm) (mm)
198( 100.1 1991 74.2 200z 177 2017 100.t
1981 53.k 1992 45.2 200: 10C 201¢ 93.1
1982 87.¢ 199: 62.¢ 200/ 74.€ 201¢ 115.k
198: 72 199¢ 99 200~ 68.1 201¢ 94.¢€
198¢ 76.5 199¢ 73.F 200¢ 67.7 2017 65
198t 69.:2 199¢ 72.71 2007 52.¢ 201¢ 93.€
198¢ 77.€ 199 87 200¢ 84.: 201¢ 103.k
1981 124.¢ 199¢ 97.¢ 200¢ 76.5 202( 73.F
198¢ 66 199¢ 99.4 201( 80.7 2021 121k
198¢ 57 200C( 98.¢ 2011 73.2 2022 75.1
199( 78 2001 96.4 201z 75
Source: JICA Survey Team
Gumbel
1000
<)
1S * e ——
§ _.—0’//
S 100 204 oTS
5
a4
»
10 98 90 50 10 5 2 1 5 2 1
Exceedance Probability (%)

Source: JICA Survey Team
Figure 8-8 Frequency Analysis of Annual Maximum Ddy Rainfall of Bharatpur Station

Table 8-7 Design Daily Rainfall of Bharatpur Staton
Return period (years) 2 5 10 20 5( 100

Design rainfall (mm/d) 81 101 115 128 144 157
Source: JICA Survey Team
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Kushma Station

Similarly, the annual maximum daily rainfalls frak880 to 2022 at Kushma Station (Jedle 8-8 are
used for frequency analysis to determine the degagy rainfall of different return periods. The @bel
distribution was employed to analyze and fit theveun the annual maximum daily rainfall of the
station. The Gumbel distribution function curvesfivell with the observed annual maximum daily
rainfalls of the station (sefeigure 8-9). Table 8-9 gives the design daily rainfalls of the station fo
different return periods.

Table 8-8 Annual Maximum Daily Rainfall of Kushma Sation

Annual Annual Max. Annual Annual
Max. Daily Daily Max. Daily Max. Daily

Year | “painfall | ¢ | Rainfall Year | “Rainfall | 83" | Rainfall

(mm) (mm) (mm) (mm)
198( 165.¢ 1991 95.(C 200z 103.C 201¢ 98.(
1981 132.C 199: 131.C 200: 136.C 201t 93.(C
198- 114.1 199: 106.t 200¢ 138.C 201¢ 136.C
198:¢ 111.¢ 199¢ 113.( 200¢ 96.2 2017 103.t
198¢ 116.¢ 199t 130.C 200¢ 107.C 201¢ 128.4
198t 122.7 199¢ 148.t 2007 153.C 201¢ 101.¢
198¢ 101.C 1997 107.C 200¢ 123.C 202( 234.(
1987 94.¢ 199¢ 117.C 201( 94.C 2021 180.4
198¢ 71.5 199¢ 148.C 2011 149.C 202 134.¢
198¢ 109.: 200( 126.C 20172 90.C
199( 150.( 2001 94.C 201z 118.(

Source: JICA Survey Team
Gumbel
1000
<) .
E 100 53
T
4
10 98 90 50 10 5 2 1 5 2
Exceedance Probability (%)

Source: JICA Survey Team
Figure 8-9 Frequency Analysis of Annual Maximum Ddiy Rainfall of Kushma Station

Table 8-9 Design Daily Rainfall of Kushma Station
Return period (years) 2 5 10 20 5( 100
Design rainfall (mm/d) 117 143 160 176 197 213
Source: JICA Survey Team
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Tansen Station

Similarly, the annual maximum daily rainfalls fra80 to 2022 at Tansen Station ($able 8-1Q are
used for frequency analysis to determine the degagy rainfall of different return periods. The @bel
distribution was employed to analyze and fit theveun the annual maximum daily rainfall of the
station. The Gumbel distribution function curves fivell with the observed annual maximum daily
rainfalls of the station (sdeigure 8-10. Table 8-11gives the design of daily rainfalls of the statfon
different return periods.

Table 8-10 Annual Maximum Daily Rainfall of TansenStation

Annual Annual Max Annual Annual
Max. Daily . oo Max. Daily Max. Daily
Year Rainfall Year Daily Rainfall Year Rainfall Year Rainfall
(mm)
(mm) (mm) (mm)
198( 178.C 199: 105.( 2007 96.( 2017 155.(
1981 288.( 199: 115.¢ 200¢ 152.( 201¢ 101.C
198: 125.¢ 199¢ 155.¢ 200¢ 182.( 201¢ 81.C
198: 100.7 199t 194.: 201( 103.( 202( 175.(
198< 157.: 199¢ 169.( 2011 68.( 2021 170.C
198¢ 123.2 199¢ 140.5 2012 148.( 2022 178.(
198¢ 127.¢ 200: 170.C 2012 181.C
1987 118.¢ 200¢ 98.( 201¢ 125k
198¢ 88.( 200~ 123.( 201¢ 131.C
198¢ 177.( 200¢ 125.( 201¢ 116.5
Source: JICA Survey Team
Gumbel
1000
5 /-———:———’
IS oY * hd
£ =
I 100 —pot?
IS} &
o
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Source: JICA Survey Team
Figure 8-10 Frequency Analysis of Annual Maximum Ddy Rainfall of Tansen Station

Table 8-11 Design Daily Rainfall of Tansen Station
Return period (yeatr 2 5 10 2C 5C 10C
Design rainfall (mm/c 132 17C 19t 21¢ 24¢ 271

Source: JICA Survey Team

140



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

(3) Rainfall Intensity

Rainfall intensity records of the stations are adilable. The record of the rainfall intensityosfly a
few events of rainfall storm in these three statiimnavailable but that is not enough for the asialgf
the rainfall intensity of different return period&herefore, the most widely used Mononobe’s metkod
employed for rainfall intensity analysis of thetigtas. The intensity duration frequency (IDF) cugod
the rainfall were developed based on the desidy dainfalls of the station. Mononobe’s relationr fo
calculating the rainfall intensity of t-hour duiatiis as presented below.

Where,
Iv = Rainfall intensity of t-hour duration (mm/h)
t = Duration = time of flood concentration (h)

P,4 = Dalily rainfall or 24-h rainfall (mm)
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Bharatpur Station

The design rainfall intensity of different time dtion and return periods estimated by Mononobe’s
relation for Bharatpur station are presentedable 8-12 and the intensity duration frequency (IDF)
curves of rainfall of the station are presenteHigure 8-11

Table 8-12 Design Rainfall Intensities of t-hour Dtation of Bharatpur Station

Return Period (years)
Duration (h) 2 | 5 | 10 | 20 | 50 | 100
Rainfall Intensity (mm/h)
0.08¢ 146.5 183.7 208.2 231.7 262.: 285.(
0.167 92.2 115.5 131.2 146.C 165.: 179.
0.2t 70.E 88.2 100.1 111.¢ 126.( 137.(
0.E 44.2 55.¢ 63.1 70.2 79. 86.2
0.7¢ 33.¢ 42.F 48.1 53.¢ 60.€ 65.¢
1 28.C 35.1 39.7 44.2 50.( 54.2
2 17.€ 22.1 25.C 27.¢ 31t 34.2
3 13. 16.¢ 19.1 21.2 24.C 26.1
4 11.1 13.¢ 15.¢ 17.5 19.¢ 21.¢
5 9.6 12.C 13.€ 15.1 17.1 18.€
6 8.E 10.€ 12.C 13.4 15.1 16.5
7 7.€ 9.€ 10.¢ 12.1 13.7 14.¢
8 7.C 8.8 9.¢ 11.1 12.5 13.€
9 6.5 8.1 9.2 10.2 11.€ 12.¢
10 6.C 7.€ 8.€ 9.F 10.£ 11.7
12 2 6.7 7.€ 8.4 9.E 10.4
14 4.8 6.C 6.8 7.€ 8.€ 9.4
16 4.4 5.E 6.2 7.C 7. 8.€
18 4.1 5.1 5.8 6.4 7.5 7.6
20 3.8 4.8 5.4 6.C 6.€ 7.4
22 3.€ 4.5 5.1 5.6 6.4 6.¢
24 3.4 4.2 4.8 2 6.C 6.5

Source: JICA Survey Team

IDF Curve of Rainfall of Bharatpur Station
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Figure 8-11 Intensity Duration Frequency (IDF) Curves of Rainfall of Bharatpur Station
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Kushma Station

The design rainfall intensity of different time dtion and return periods estimated by Mononobe’s
relation for Kushma station are presentedable 8-13; and the intensity duration frequency (IDF)
curves of rainfall of the station are presenteHigure 8-12.

Table 8-13 Design Rainfall Intensities of t-hour Duration of Kushma Station

Return Period (years)
Duration (h) 2 | 5 | 10 | 20 | 50 | 100
Rainfall Intensity (mm/h)
0.08: 213.( 259.¢ 290.1 319.€ 357.5 386.8
0.16i 134.2 163.¢ 182.¢ 201.% 225.¢ 243.
0.2t 102.¢ 124, 139.5 153.¢ 172.( 185.1
0.t 64.5 78.€ 87.¢ 96.¢ 108.: 117.(
0.7t 49.2 60.C 67.1 73.€ 82.7 89.2
1 40.€ 49.5 55.2 61.C 68.2 73.1
2 25.€ 31.2 34.€ 38.4 43.C 46.£
3 19.5 23.¢ 26.€ 29.Z 32.¢ 35.4
4 16.1 19.¢ 22.C 24.2 27.1 29.2
5 13.€ 16.€ 18.€ 20.€ 23.2 25.2
6 12.2 15.C 16.€ 18.5 20.7 22.2
7 11.1 13.5 15.1 16.7 18.7 20.1
8 10.2 12.£ 13.¢ 15.2 17.1 18.£
9 9.4 114 12.¢ 14.1 15.¢ 17.C
1C 8.8 10.7 11.¢€ 13.1 14 15.€
12 7.8 9.4 10.€ 11.€ 13.C 14.1
14 7.C 8.5 9.t 10.5 113 12,7
1€ 6.4 7.8 8.7 9.€ 10.7 11.€
18 5.€ 1.2 8.1 8.¢ 9.€ 10.%
2C 5.8 6.7 7.5 8.2 9.2 10.C
22 5.2 6.2 7.C 7.8 8.7 9.4
24 4.6 5.€ 6.7 7.2 8.2 8.€

Source: JICA Survey Team

IDF Curve of Rainfall of Kushma Station
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Figure 8-12 Intensity Duration Frequency (IDF) Curves of Rainfall of Kushma Station
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Tansen Station

The design rainfall intensity of different time dtion and return periods estimated by Mononobe’s
relation for Tansen are presentedliable 8-14 and the intensity duration frequency (IDF) cureés
rainfall of the station are presentedrigure 8-13

Table 8-14 Design Rainfall Intensities of t-hour Dration of Tansen Station

Return Period (years)
Duration (h) 2 | 5 | 10 | 20 | 50 | 100
Rainfall Intensity (mm/h)
0.08¢ 242.] 309.2 353.1 396.: 451.F 492.¢
0.167 152.F 194.¢ 222.¢ 249.5 284. 310.t
0.2t 116.4 148.7 170.C 190.t 217.1 236.¢
0.E 73.2 93.¢ 107.1 120.( 136.7 149.:
0.7¢ 55.¢ 71.E 81.7 91.€ 104. 113.¢
1 46.2 59.( 67.5 75.€ 86.1 94.(
2 29.1 37.2 42.F 47.¢ 54.% 59.2
3 22.2 28.4 32.¢ 36.2 41.4 45.2
4 18.2 23.4 26.¢ 30.C 34.2 37.2
5 15.¢ 20.2 23.1 25.¢ 29.f 32.2
6 14.C 17.¢ 20.< 22.¢ 26.1 28.F
7 12.¢ 16.1 18. 20.7 23.F 25.7
8 11.5 14.7 16.¢ 18.¢ 21.F 23.F
9 10.7 13.€ 15.€ 17.5 19.¢ 21.7
10 10.C 12.7 14.5 16.2 18.€ 20.2
12 8.8 11.2 12.¢ 14. 16.2 17.¢
14 8.C 10.2 11.€ 13.C 14.€ 16.2
16 2 9.3 10.€ 11.¢ 13.€ 14.€
18 6.7 8.€ 9.8 11.C 12.5 13.7
20 2 8.C 9.2 10.2 11.7 12.€
22 5.¢ 7.E 8.€ 9.€ 11.C 12.C
24 5.€ 7.1 8.1 9.1 10.2 11.2

Source: JICA Survey Team

IDF Curve of Rainfall of Tansen Station
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Figure 8-13 Intensity Duration Frequency (IDF) Curves of Rainfall of Tansen Station
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8.2.3. Peak Discharge of Debris Flow
(1) Calculation Methods of Debris Flow Peak Discharge
The peak discharge of debris flow is obtained bggisne of the following methods.

® Rainfall method - developed by Takahashi (rainfady
® Sediment discharge method—developed by Mizuyama

In this Survey, the peak discharge of debris flQgp (n¥/s), shall be obtained by using rainfall, as
follows, assuming that it has the following relatbip between the peak discharges of peak water
discharge Qp (ffs):

Where,
Qsp : peak discharge of debris flow’(s)
Qp : runoff peak discharge {rs)
C- : volumetric concentration of sediment (0.6)
Cq : density of debris flow

In addition, the density of debris flow shall beaibed by Takahashi's equation shown below:

Where,
Cq: density of debris flow (ifs)
C-: volumetric concentration of sediment (0.6, gahealue)
s : density of gravel (approx. 2.6 #ingeneral value)
r : density of water (approx. 1.2 thhgeneral value)
6 : internal friction angle of accumulated sedimé3f degrees, general value)
g : riverbed gradient (degree) (measured from pecfection)

Thed is an average inclination between the design exfee point and the position about 200 meters
upstream of it.

Moreover, when the calculated value (i larger than 0.9C*, debris cannot flow, then E®.9C*
shall be the maximum value, and when the calculafige (Cd) is smaller than 0.3, debris flow cannot
be formed, the flow of bed load is formed, and Q¥33 shall be minimum.

(2) Calculated Peak Discharge of Debris Flow

For the five sites selected in the longlist, thiewated rainfall intensity with the traveling tinoé flood
and peak discharge of debris flow for each catctiraesummarized ifable 8-15andTable 8-16
respectively, below.

Table 8-15 Rainfall Intensities within the Traveling Time of Flood
Return Period (years)
5 | 10 | 20 | 50 | 100

2

Catchment |

16 Debris Flow: Mechanics, Prediction and Engineerivepsures, by T. Takahashi, 2007.

17 Empirical Prediction of Peak Discharge of Debriews, priority field research of the Ministry of Edation,
Science and Technology Fund, “Predicting natursdstiers and prevention of disasters”, by T. Mizugat®90,
pp. 54-57.
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Catchment | Traveling Time

Area of Flood Rainfall Intensity (mm/h)

(km?) (hr)
NH44 L0z 1.40¢ 0.38( 96.C| 137.C] 164.1| 190.1| 223.7| 248.C
NH44 L0t 0.08( 0.34: 102.5| 146.5| 175.f| 203.2| 239.0| 266.%
NHO03_PBO: 0.52¢ 0.37¢ 83.C| 101.1] 113.C] 124.f| 139.¢| 150.t
NHO03 PB1: 0.40¢ 0.36( 85.7| 104..| 116.¢| 128.¢| 144.C] 155t
NH47_SHO! 1.611] 0.37i 94.£| 120.5| 138.1] 154.5| 176.5| 192.

Source: JICA Survey Team

Table 8-16 Peak Discharge of Debris Flow at Different Return Periods

Catchment | Channel | Catchment Return Period (years)
Catchment Area Length Relief 2 | 5 | 10 | 20 | 50 | 100
(km?) (km) (km) Peak Discharge of Debris Flow (i#s)
NH44 L0z 1.40¢ 2.03( 0.87¢ 318.7 | 454.6| 544.¢| 631.2| 742.1| 826..
NH44 L0t 0.08( 0.44( 0.26¢ 19.4 27.10 33.2 38.4 45.2 50.5
NHO03_PBO: 0.52¢ 1.32C 0.29¢ 31.C 37.1 42.1 46.4 52.C 56.1
NHO3 PB1. 0.40¢ 1.27( 0.65¢ 81.t 99.7| 111.4| 122.5| 137.2| 148.
NH47 SHOI 1.617 1.89( 0.82( 359.5 | 459.1| 525.2| 588.5| 670.1| 731.(

Source: JICA Survey Team

In addition, the channel length is measured albegburse of the mainstream from the basin oudtet (
design reference point) to its source. The catchmedief refers to the difference in elevation beém
the catchment outlet (design reference point) hadhighest point on the catchment area.

8.3. [Estimation of Landslide Surface Depth at Landslide Risk Sites

The slide area subject to further slide activitentified through interpretation of Google Edrttages
and subsequently confirmed by site survey fromorerindications occurring in the slide areas, asch
cracks, steps, settlements, bulges, deformatiostrofctures, as well as the micro-topographical
conditions, like distribution of depressions, lakegring water, etc., and geological conditionise li
outcrop of base rock and sliding surface.

(a) Plan (b) Section

Source: JICA Survey Team
Figure 8-14 Schematic Diagram of Slide
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In no case of sliding surface survey, like boringvey — by observing core, and monitoring — by pipe
strain gauge and borehole inclinometer, the deptheosliding surface can be roughly estimated dhase
on the following empirical relationship (Guidelinésr Landslide Prevention Technologies, Public
Works Research Institute (PWRI), 2007):

D =Wx1/7~1/10
where,

D= Depth of sliding surface,
W= Width of slide area

Based on the above empirical relationshiphle 8-17 shows the slip surface depths of nine sites
corresponding to slide-type landslide extractedhftbe longlist of individual site analysis and pitip
sites on NH37 which is selected by route-basedyaisalThe correlation between collapse depth and
collapse width is unclear regarding slope collapsesthe collapse depth is not estimated from the
collapse width.

Table 8-17 Summary of Estimated Sliding Surface Dep for Identified Slides Areas

Risk Index National Chainage Inventory Width of Slide Estimated Depth of
Ranking Highway Code No. Area (m) Sliding Surface (m)
25 NHO03 37+90( PB3¢ 20c 20-30
26 NHO03 36+40( PB37 32C 30-45
27 NHO03 26+20( PB3¢ 11¢ 10- 15
63 NH37 56+42( K7 12C 10-2C
68 NH37 42+00( K9 21C 20-30
2 NH47 35+50( SHO: 21¢ 20-30
30 NH47 49+80( SH1zZ 65 5-1C
10 NH47 56+00( SH1: 75 5-1C
11 NH47 56+20( SH1/ 14t 15-2C

Source: JICA Survey Team

Figure 8-15shows the identification of potential slide areas.

& \HozpB3; | B =" e
B e o 274 NHO3-PB3¢ |
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s
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Source: JICA Survey Team, Based on Google Earth Isnage
Figure 8-15 Identified Slide Areas
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8.4. Economic Indicators for Cost-Effectiveness Analysis of Road Landslide Risk Reduction

Investments

Road economic indicators for cost-benefit analg$i®ad landslide risk reduction investments are
shown below. The calculation of the cost-benefitlgsis is based on the calculation tool of World
Bank — GFDRR 2020 Road Geohazard Risk Managem@perdix B (Manual Operation Manual).

8.4.1. Annual Average Daily Traffic (AADT)

In Nepal, traffic surveys have been conducted byR¥D 160 sites throughout Nepal. The following
definitions were used to set AADT for the 33 sietected in the longlist. NH47 is shown as a sjecif
example.

1) Inthe case where there is an AADT observationtpmirthe road link at the selected site

For risk sites where there is an AADT observati@inpon the link, use the AADT for that
observation point.

Example) AADT observed at No. 99 (Tansen West &@tdtio. 99) is used for the risk sites in the NH.47-
007 and NH.47-008 sections showrFiigure 8-16.

Legend

Observed Point of
AADT

. Division point of Link

TANSEN

NH47-012 uses
No.103
(AADT:4,184)

N A”
Bartung 1 1ansen West
\ Station No 99

NH47-009~011 use
average of No.103 and
No.99
(AADT:3,277)

—————

NH47-007 and 008 use No.99
(AADT:2,370)

*AADT was counted value in 2021/2022.

Source: JICA Survey Team Based diitfy://ssrn.aviyaan.com/ssrn_map/rhap

Figure 8-16 AADT of NH47 (Tansen-Pokhara)

2) Inthe case where there is no AADT observation tpminthe link but there is an AADT
observation point on an adjacent link

e Use the average of the AADT of the links adjacerthe target link.

«  Example) For risk sites in the interval NH47-00\id47-0011, the average AADT observed at
No. 99 (Tansen West Station No. 99) and No. 10&{&@ South Station No. 103) is used.

3) Risk sites with no AADT observation points on théland no AADT observation points on
adjacent links.

« The AADT was supplemented with link-specific AAD@lculated by DOR's software. Note that
the calculation method of this software does nbinede the vehicle type breakdown. The
specific routes complemented were the NH25 and NH37
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8.4.2. Vehicle Operation Cost Units

Table 8-18below shows the assumptions for vehicle operatimh oy vehicle type and speed. vehicle
operation cost assumptions were made based omdjeeied growth rate of the Consumer Price Index
for each year of the analysis peri§d.

Table 8-18 Vehicle Operation Cost by Vehicle and $d Type (as of 2025)
Unit: NRs./km/vehicle

km/hr | Motorcycle FCI'::;i TLrIL?:I: Truck Tifrl:c;o Mézrso I\BA:;I Bus | Utility
<5 11.19 62.39 87.04| 139.29 42.75 79.26| 89.85| 107.47| 58.98
10 10.91 60.1 82.83| 132.59 40.98 76.81| 87.18| 102.25| 56.75
15 10.59 57.5 78.53| 125.68 39.05 73.95| 84.03| 96.62| 54.27
20 10.23 54.59 74.15| 118.54 36.96 70.68| 80.38 90.6| 51.51
25 9.83 51.36 69.66| 111.19 34.71 66.97| 76.21| 84.24| 48.48
30 9.38 47.81 65.05| 103.62 32.31 62.82| 71.49| 77.62| 45.18
35 8.87 43.92 60.28| 95.84 29.75 58.2| 66.19| 70.84| 41.59
40 8.3 39.7 55.32| 87.84 27.05 53.12| 60.27| 64.05| 37.73
45 7.66 35.18 50.09| 79.63 24.26 47.56| 53.69| 57.48| 33.63
50 6.93 30.41 44.46| 71.21 21.45 41.55| 46.42| 51.54| 29.35
55 6.07 25.67 38.09| 62.54 18.98 35.28| 38.54| 46.93| 25.19

Source: Made by JICA Survey Team Based on “The Rrojetrban Transport Improvement for Kathmandu &alh Federal
Democratic Republic of Nepal, Final Report” (May 2p17

8.4.3. Average Travel Speed

Since there is no actual measured data on avaiags speeds at the 33 sites selected in the kingli
we assumed the average speeds at these sitesAgigte Maps, as defined below.

»  Search for a route with a starting point and aidason point 5 km (x5 km) before and after the
risk sites.

e Calculate the speed based on the time requirech{lar 10 km/trip time)

e Calculate speeds by period (weekdays, holidayspariane (peak hour, off-peak hour), and
calculate the average of these speeds.

8.4.4. Time Travel Cost Units

Table8-19shows assumptions for time travel cost by vehigbet The time travel cost for motorcycles
was assumed to be 51.98 NRs. /hr/unit, while the travel cost for vehicles was assumed to be $02.6
NRs. /hr/unit. The assumptions of time travel aoste based on the projected GDP per capita growth
rate for each year of the analysis peridd.

Table 8-19 Time Travel Cost by Vehicle Type (2025)
Unit: NRs. /hrivehicle

Motorcycle Car Taxi Light Truck Heavy Truck
51.9¢ 102.6¢ 102.6¢ 132.8° 157.4:
Safa Tempo Micro Bus Mini Bus Bus Utility
355.7" 768.5¢ 997.8¢ 1621.6¢ 96.0¢

Source: Made by JICA Survey Team based on “The €trojeUrban Transport Improvement for Kathmanduéyain Federal
Democratic Republic of Nepal, Final Report’(May, 2017

18 The growth rate of the Consumer Price Index wa6%, the average of the past 10 years.

19 GDP per capita growth rate of 3.38%, the averdgdkeopast 10 years, was used.
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8.4.5. Average Number of Passengers by Vehicle Type

The average number of passengers by vehicle type esimated based on data from several traffic
surveys, as shown in the table below.

Table 8-20 Average Number of Passengers by Vehidlgpe

Average Number of Passengers for Motorcycle, Car, Taxi and Truck unit person/vehicle
Car Taxi
1.1 19 20

Source: Results of Roadside Interview Survey by JICA Study Team in 2011

Heavy Truck
1.8 19

Motorcycle Light Truck

Average Number of Passengers for Bus unit person/vehicle

Total *3
14.4

Minibus *2
185

Microbus *2

13.5

Large Bus *2
335

Tempo *1

78

Source: Results of Roadside Interview Survey and Home Interviw Survey by JICA Study Team in 2011

*1: Based on the Result of Roadside Interview Survey
*2: Eatimated by JICA Study Team based on the results of related survey and capacity of each bus type
*3: Calculated by total bus trips(848,464)/total bus operation number{32,835 x2)

Source: Result of Roadside Interview and Home IntgnSurvey by JICA Survey Team in 2011
8.4.6. Average Number of Operators by Vehicle Type

The average number of operators by vehicle typeasasmed as shown Trable 8-21 It is assumed
to be 1.5 operators for light truck, heavy truakd anicro bus, 2 operators for minibus and bus, and
operator for others.

Table 8-21 Average Numbers of Operators by Vehicl&pe
unit: person/vehicle

Light Truck
1.t

Heavy Truck
1.t

Car Taxi
1 1 1
Micro Bus Mini Bus Bus Utility

1 1.t 2 2 1
Source: Hearing with DOR Staff (OB)

Motorcycle

Safa Tempo

8.4.7. Average New Vehicle Price

Table 8-22shows the assumed average price of new vehicldspal. The average new vehicle price
in 2023 was assumed to be NRs. 297,093 for mot@symd NRs. 3,292,250 for vehicles. The assumed
average new vehicle price was converted to 2025 using the Consumer Price Index.

Table 8-22 Average New Vehicle Price (2023 unit)
unit: NRs./vehicle

Motorcycle Car Taxi Light Truck Heavy Truck
297,093 3,292,250 3,292,250 3,423,940 7,901,400
Safa Tempd Micro Bus Mini Bus Bus Utility
1,371,370 3,292,250 4,609,150 6,584,500 2,633,800

Note: Converted to price of 2023 by using ConsumimeRndex based on “The Project on Urban Transpagptovement for
Kathmandu Valley in Federal Democratic Republic ephlll, Final Report”’(JICA)(May, 2017)

Source: Nepal Automobile Dealers Association (Agergrice approximation)
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Table 8-23 Average New Vehicle Price (2025 unit)

unit: NRs. /vehicle

Motorcycle Car Taxi Light Truck Heavy Truck
335,125 3,713,712 3,713,712 3,862,260 8,912,908
Safa Tempd Micro Bus Mini Bus Bus Utility
1,546,928 3,713,712 5,199,196 7,427,423 2,970,969

Note: Converted to price of 2025 by using ConsumieRndex based on World Development Indicators
Source: Made by JICA Survey team based on Nepalnaibile Dealers Association (Average price approxiomg

8.4.8. Average Years of Use and Depreciation Rate for Vetles

The average years of use and depreciation rateefuicles in Nepal are shown irable 8-24.The
average year of use is assumed to be 20 yearhardkpreciation rate for vehicles is assumed to be
15%.

Table 8-24 Average Years of Use and Depreciation Rafor Vehicles
Average years of u 20 year
Depreciation rai 15%

Source: DDG, Mechanical Branch

8.5. Estimated Number of Days to Restore Full Road Closas and Benefits from Reduced
Restoration

The answers obtained from the DROs or project @ffimanaging each route (As of 2023) related to the
number of days to restore full road closures farrsiutes, including those with high requests for
assistance from the DOR, are showiT @ble 8-25.

The number of days for restoration was answerdteaactual number of days for the rainy season in
2023, if available. Heavy equipment restoring rel$ure during the rainy season (June-October) in
2023 was placed between 0.1 km and 30.1 km (1.%50kh7.9 km on average for each route) from the
risk areas. For this system, the respondents itatidhat traffic would be restored in 0.1 to 2.ysla
(0.2 to 1.2 days on average for each route) fordald closures.

In the 2023 rainy season roads, for frequently dgdasites on DOR’s priority routes, DOR has been
able to maintain heavy equipment and deploymepeadonnel within an average of 1 km to 18 km. In

addition, DOR has been able to open roads withiavanage of 0.2 to 1.2 days. However, the current
system is considered to have limitations in respdoghe increasing frequency and scale of lanelslid

damage due to future climate change.

As an indicator to measures effectiveness of thiweced restoration system, “reduction from hourly
restoration time = loss from hourly waiting (202&ue)” was calculated using the following formula.
Benefits are larger in NH44 and NH47, where thermore Truck and Bus traffic with higher travel
time cost.

Losses from waiting (NRs. /hour) =

Average travel time value at the site (NRs. /uninnual average daily traffic (vehicles/day) /24
(hours)/2
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Table 8-25 Estimated Number of Days to Restore Roddlosures
Estimated number of days t¢ Distance (km) between site !_pss from
_ restore road closures (day), fh . d waiting per hour
Road Section Responses from DROs or | ©' "¢a%y equipment an (2025)
(No. of sites project offices risk site of landslide (thousand NRs.
answered (as of October 202 (June-October 2023). /hour)
Min Max |Averag¢] Min Max | Average
NHO03 0.5 24 1.2 6.0 30.1 17.9 179—189
Khurkot - Halesi
(4 sites)
NHO03 0.2 0.5 0.3 2.0 26.0 10.1 344~586
Pokhara - Baglung
(8 sites)
NH25 0.5 1.3 0.9 0.5 3.0 15 41~83
Besisahar - Chame
(3 sites)
NH37 0.1 0.3 0.2 0.5 21.4 8.2 227~283
Kanti Highway
(7 sites)
NH44 0.1 0.4 0.2 0.1 4.5 2.3 1,687
Narayanghat -
Mugling
(9 sites)
NH47 0.1 2.7 0.6 2.0 11.0 7.1 328~2,130
Siddhartha Highway
(12 sites)

Source: JICA Survey Team
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Chapter 9.Engineering Measures According to the Type of Roatandslide

9.1. Preparation of Proposed Engineering Measures

The engineering measures to be taken accordinfgetmbvement type of landslides (topple, collapse,
slide, lateral spread, flow, river erosion, vallsjde slope erosion/collapse), ground material
classification (rock, coarse-grained soil, fineigeal soil), and the scale of the landslides are as
summarized imable 9-1

A type of landslide movement called “Lateral Spreeda sliding phenomenon of upper strata on
liquified, gently sloping, and saturated fine-geadrsoil layers during an earthquake. It is a rafiding
phenomenon during an earthquake and difficult stimuish from "Slide.” No cases have been
recognized as "Lateral Spread" in Nepal. Therefotateral Spread " and "Slide" are treated without
distinction inTable 9-1.

Coarse-grained soil (soil dominated by coarse gagtiwith a diameter of 0.075 mm or more) and fine-
grained soil (soil dominated by fine particles watldiameter of less than 0.075 mm) are involved for
road slopes and road bodies where engineering mesaare being considered. Since they are often
distributed in a mixed manner, they are not clagiénd are treated as soil.

The table was updated while considering engineariagsures for longlist etc., and was confirmed by
DOR. The engineering measures are based on DORRX¥side Geotechnical Problems, A Practical
Guide to their Solution, Annex C: Standard Geoté&inSolutions, but the following changes were
made.

Added C5.3 “Drainage Well” as a new option.

Added C12.4 "Protection Barriers," which is a gahegrm for "C12.4.1 Rockfall Protection
Barrier" and "C12.4.2 Debris Protection Barrier."

Changed C13.4 "Wire-netting” to "Slope Protectiogttithg." A general term for slope
engineering measures using wire mesh and wireangesoil slopes, including "Rockfall
Protection Nets", "High-intensity Slop Protectiopthl" and "Unstable Bedrock Fixing Wire
Roping," "High-intensity Slop Protection Nets," altithstable Bedrock Fixing Wire Roping,"
and "Unstable Bedrock Fixing Wire Roping."

According to confirmation with DOR, the only techogy that cannot be applied in Nepal is the
"Drainage Well." "Rock Sheds: Rockfall/Debris Fl@overing" has already been designed and is in
the construction stage on NH47 Siddhartha Highway, DOR has experience in it.

The main types of work associated with road widgnigwe "Earthwork: Cutting,"” "Filling:
Embankment," and "Reinforce Earth,"” which are ideldiinTable 9-1

In accordance with the above-mentioned proposedheegng measures according to the movement
type, ground material, and hazard scale for roaddiede damages, engineering measures are corgidere
to the following policy.

It was finalized through the process of consideBAgsites on the longlist and 11 sites outside the
longlist.

While aiming for a 100-year probability of damageef safety level as a major national

highway, engineering measures which lower the gééeel for economic reasons were also

considered.

The estimated construction cost includes tempa@ag protection works and temporary

detours to ensure traffic safety during construrctio

In addition, if consistent with the Build Back Baticoncept, the policy should include the

following.

» Include adjacent risk areas, past hazard sourndsgraas affected by hazards as target
areas of risk reduction.
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» Include road alignment and sight distance improvemm the vicinity of the target area,
widening narrow spaces and creating flat regiofacaat to the road for effective use.

To adapt to climate change adaptation, the bridgegd will apply 1.1 times the runoff rate
based on the 100-year rainfall intensity in accocgawith DOR's bridge design standards.
Similar considerations should be made for otheindge designs.

As a climate change adaptation measures, C13.1ekrark: Adopt bioengineering as much
as possible, such as using greenery within thedrasna basis for glue frame work. For
concrete structures, to reduce {nissions during construction, consider applyiig @.2
High-intensity slope protection net, and soil cetmaaterials to C10. Check dams.
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Table 9-1 Engineering Measures according to the Movement Type, Grod Material Classification, and Hazard Scale of Road Landslides

Road Landslide Type Collapse Slide Flow Road Carriageway Collapse
Movement Type Topple Fall Slide/Lateral Spread Flow | River Erosion Slopv_a
Erosion/Collapsé
Cost
Material Factors Technologies o .
available on 2923/24 price including 15%

General Options in DOR 2007 Roadside Geotechnical Nepal side indirect cost for few or no
Problems, A Practical .GUIde to '.[he" Solution, Anne Applicable Bedrock| Bedrock Soil |Bedrock Soil Soil | Bedrock Soil | Bedrog¢k  Soil examples_applled engineeing
C: Standard Geotechnical Solutions. classification in Nepal
Bold: Additional countermeasures based on this  |for hazard
proposal scale
Code Solutions
C1 Removal L H * * L L * O * * Yes
c2 Realignment L H * * * * * O * * Yes
C3 Earthwork L, H Yes
C31 Cutting LH 4 * < * * <o * * Yes
C3.2 Filling LH * * & * * Yes
C4 Surface Drainage A Yes
C4.1 | Surface Drains A O <& * * <o * * Yes
C4.2 Cascade Structure A 3 3 & 3 3 Yes
C4.3 Chute Structure A & 3 L3 Yes
C4.4 Channel Lining A & & & Yes
C5 Subsurface Drainage A Yes
C5.1 French Drains A teS 3 Yes
C5.2 Horizontal Drains A & 3 Yes
C5.3 Drainage Well H * * No \’/\IVZIS021‘23n_1g:Ir?3i:)r;§t5eT depfh
C6 Retaining and Brest Walls L Yes
C6.1 Wall Structures '3 3 koS koS koS & Yes
C6.2 Reinforced Erath L '3 3 koS koS koS & Yes
C6.3 Dry Masonry Walls L '3 3 koS koS koS kS Yes
C6.4 Composite Masonry Walls L '3 3 koS koS koS & Yes
C6.5 Gabion Walls L '3 3 koS koS koS & Yes
C6.6 Cantilever Masonry Walls L '3 3 koS koS koS & Yes
C6.7 Cement Masonry Walls L '3 3 koS koS koS & Yes
C6.8 | Crib-walls L * * O O < <& Yes
C6.9 Buttressed or Counterfort Walls L '3 3 koS koS koS & Yes
Cc7 Tired-Back Walls L 3 < Yes
C8 Piles H < < Yes
Cc9 Anchors and Bolts H Yes
Ca.1 Soil Nails H * * * * Yes
C9.2 Rock Bolts H * * * * Yes
C9.3 Ground Anchors H * * * * * * Yes
C10 Check Dams L, H '3 Yes
Cl1 Bank Protection Work L, H Yes
C11.1 | Bank Protection L, H '3 < Yes
C11.1 | Bank Protection L, H '3 < Yes
C11.2 | Revetment LH < < <* Yes
C11.3 | Spurs/Groynes L, H 3 3 Yes
C11.4 | Launching Aprons L, H * * Yes
C12 Catch Works LH Yes NRs 0.2~5million/m
C12.1 | Trap Walls L & 3 3 & & 3 Yes NRs 0.2~0.5million/m
C12.2 | Rock Sheds H '3 L3 3 & Yes NRs 2~5million/m
C12.3 | Catch works reinforced earth H '3 '3 < O O Yes NRs 0.2~2million/m
C12.4 | Protection Barriers LH Yes NRs 0.2~1.0million/m
C12.4.1| Rockfall protection barrier LH '3 '3 O Yes NRs 0.2~0.7million/m
C12.4.2| Debris protection barrier LH '3 '3 < O O Yes NRs 0.5~1.0million/m
C13 Surface Protection Work LH ¢ 'S < Yes
C13.1 | Shotcrete Work L & & '3 Yes
C13.2 | Pitching Work L 'S < L3 'S Yes
C13.3 | Frame Work LH '3 < < 'S Yes NRs 5~12thousand/m2
C13.4 | Slope Protection Net LH * Yes NRs 30~40thousand /m2
C13.4.1| High-intensity Rockfall Protection Net LH * * * Yes NRs 15~40thousand/m2
C13.4.2| Slope Protection Net LH * * * * Yes NRs 30~40thousand/m2
C13.4.3| Unstable bedrock fixing wire roping LH '3 3 3 Yes ::/g:dei;ogr:gatly depending on
Cl4 Bioengineering A & o o '3 '3 ke koS 3 '3 Yes

Applicability to types of geohazards, movementsl gmound materials
& : Principal Option to be Considered for Solutiontwf Hazards
< Auxiliary Options

| |: Can not specific to the generic options

Applicable categories related to the scale of lthzar
H: Options to be applied to large-scale hazards
L: Options to be applied to small-scale hazards
A: Auxiliary options applicable to any hazard scale

DOR 2007 Roadside Geotechnical Problems, A PrddcEaale to their Solution, Annex C: Standard Gebtézal Solutions

Changed from "DOR 2007 Roadside Geotechnical Pnable Practical Guide to their Solution, Annex Car&tard Geotechnical Solutions”
Added C5.3 "Drainage Well" as a new option.
Added C12.4 "Protection Barriers" as a newaspti

A general term for "12.4.1 Rockfall Protection Bar' and "Debris Protection Barrier".

C13.4 “Wire-netting” was changed to “Slope ProtectNet”. A general term for slope protection wotsng wire mesh and wire rope applied to
bedrock and soil slopes, including" Rockfall Prait Net", " High-intensity Slope Protection NetUnstable Bedrock Fixing Wire Roping."

Source: JICA Survey Team
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9.2. Direction for Considering Engineering Measures

The types of landslides confirmed on site are rigasnimmarized into four types: Collapse, slide, flamd
road carriageway collapse. (SEble 3-3 Classification and Definition of Road Ladslide).

In considering engineering measures, three typieahods (PLAN I: Permanent, PLAN II: Moderate,
and PLAN IlIl: Temporary) are proposed. The Summaineach method is as described below. In
addition, Table 9-2shows an image of the safety, construction coshter@ance cost and construction
period of the three options.

(1) PLAN I: Permanent

This is a construction method that completely 4iteds the cause of the landslide through
engineering measures.

This is the safest of the three options and cahstdand normal heavy rain and earthquakes.
The construction cost is the highest and the coatétn period is the longest among the
three options.

Maintenance costs can be kept to a minimum.

It is possible to proactively introduce Japan'sicgtedge landslide prevention technologies
and construction methods.

(2) PLAN II: Moderate

This is a construction method that can suppresedia causes of landslide to some extent
through engineering measures.

Roads may be damaged by secondary events (for éxafi@ping rocks from a cut slope in

a collapsed area) or events that are difficultrejzt (for example, damage to a bridge due
to a large amount of driftwood in a debris flow).

The construction cost and construction period efttitee options are medium.

The main method is the type currently being useadépal, but it is possible to introduce
Japan's cutting-edge landslide prevention techiyadog construction methods into some of
the engineering measures works.

(3) PLAN III: Temporary

Among landslide causes, this method can only déhlsmall and medium-scale events that
occur frequently.

Safety is the lowest among the three options, tischiot possible to deal with large-scale
events, and even after engineering measures atenmapted, there is a possibility that
landslides will still occur frequently.

Facilities need to be restored every time a laddsdccurs, which increases maintenance
and management costs.

Among the three options, the construction cogtesléwest and the construction period is
the shortest.

The main method is the type currently being usdadépal, but it is possible to introduce
Japan's cutting-edge landslide prevention techiyadog construction methods into some of
the engineering measures works.
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Table 9-2 Comparison of Three Options

Option Mitigation Safety Construction Maintenance Construction
P Level Degree Cost Cost Difficulty
PLAN | Permanent Low
PLAN II Moderate
PLAN I11 Temporary
Low Low Easy

Source: JICA Survey Team

9.3. Engineering Measures for Each Landslide Type

Based on the previous chapter, specific engineemegsures are proposed for the four types of

landslides that are observed on-site: collapsde sflow, and road carriageway collap3able 9-3
shows a Summary of engineering measures for epehafylandslide.

Probability
year of

damage Collapse

after
engineering
measures

Drastic
engineering
measures such as
ground anchors,
reinforcing bars,
rockfall
protection
fences, etc.

PLAN 1
(Permanent)

100 years

Engineering
measures by
slope cutting and
greening to
eliminate loose
areas

PLAN 2

(Moderate) SV

Engineering
measures to
separate from
collapsed slope
by small shift of
road alignment

PLAN 3

(Temporary) 22 ST

Source: JICA Survey Team

Design safety factor?®=
1:1.2 Drastic engineering
measures using a
combination of
groundwater drainage
works, earthworks, and
ground anchors

Design safety factor =
1:1.0 Control of sliding
through combination of
groundwater drainage
works and earthworks

Design safety factor=

1: 1.05 Control of sliding
through small-scale
groundwater drainage
works

Table 9-3 Summary of Engineering measures for Each Landslide Type

Flow engineering
measures using
debris flow control
facilities or
bridges that can
deal with 1.1 times
the 100-year
probability debris
flow peak flow
rate

Debris flow
control facility
capable of dealing
with 1.1 times the
50-year peak
debris flow frate
Debris flow
control facility
capable of dealing
with 1.1 times the
25-year probability
debris flow peak
flow rate

Road
Carriageway
Collapse

Drastic measures
such as ground
anchors and river
side erosion
control (retaining
walls)

Engineering
measures such as
reinforced earth
embankments on
the road valley
side

Engineering
measures using
gabionretaining
walls on the road
valley side

20 Landslide safety factor = Landslide resistancedtrandslide sliding force. "The Japan Road Assioria
Cutting and Slope Stabilization Guidelines 2009tigd!' states that "the safety factor required @bsize a
landslide site after the construction of landskuhgineering measures is called the design safetgrfavhich is
the required safety factor, usually set at 1.2, danisidering the extent of damage caused by latetsland
economic efficiency, it should be set within thege of 1.05 to 1.2".
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(1) Collapse

In areas where collapse occurs, the movement iasliatge-scale collapses, small and medium-sized
rock failures, surface failures, rockfalls and eondy surface water. The following three enginegri
measures are proposed as typical engineering neetbatkal with these events.

Table 9-4 Engineering Measures for Collapse

Points

Shotcrete work with

d anchor

e

& e
A\
P o v "4
P 7 ’
2 )\ Fractured/loosened

rock zone

Hard rock zone

* Mainly supervision works
(anchors, reinforcing bars, high-
strength nets).

* Capable of dealing with all
possible landslide causes.

* To ensure safety during
construction, the road alignment
will be shifted to the valley side
and a rockfall protection fence
will be installed. The shifted road
will be left as is and left as a
widening section.

Fractured/loosened
rock zone

Excavation (Stable slope
gradient)

Slope protection by
bioengineering

heard rock area

+ The main work will be
controlling works (cutting), and
the cutting surface will be
greened.

* Although it is possible to deal
with all possible collapse causes,
the risk of loose rock remaining
behind, erosion of surface water,
collapse due to aging, and falling
rocks remains.

* To ensure safety during
construction, the road alignment
will be shifted to the valley side
and a rockfall protection fence
will be installed. The shifted road
will be left as is and left as a
widening section.

N

Pattern Diagram
Mitigation Plan |
groun
=
> Unstable rock
7
.- Unstable sediment
:E Cover-type wire netting \
g (high intensity)
® road \
=] A
(@] »,
= H-shape Pile ‘ £
(Temporary) ~——~—~—__
Gabion
Reinforced earth __
(temporary)
Mitigation Plan 1l
=
; Unstable rock
z
H Unstable sediment
o
o
o
=
o
o+
[¢)]
H-shape Pile Gabion
(Temporary)
Collapsed
Reinforced earth __,
(temporary)
Mitigation Plan Il
o) Unstable rock
—
>
Z Unstable sediment
in S
o Reinf d earth
;# einforced eal
= Road Road
=]
o] ~—1 —i
<
Reinforced —,
earth

P
,
>~ Fractured/loosened
rock zone

Hard rock zone

* Slope engineering measures
will not be implemented, and a
standby structure will be planned
on the mountain side of the road.

* Capable of dealing with
surface failures and rockfalls that
occur frequently, but it cannot
deal with large and medium-sized
rock failures.

+ Shift road alignment to secure
pockets. The shifted road will be
left as is and left as a widening
section.

Source: JICA Survey Team
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(2) Flow

In areas where flows occur, the outflow of sedinaamt driftwood associated with large to small flows
is recognized as a contributing factor to the pheswon. The following three engineering measures are
proposed as typical engineering methods to deal thédse events.

Table 9-5 Engineering Measures for Flows

Pattern Diagram

Points

wsuewad ;| NV1d

Shotcrete work with rock bolts

Collapse/slide areas e

Cascade structure (Co)

\

Check dam (soil cement)

|

Road

I

Debris flow deposits

+ This is a method that
combines check dams (soll
cement), head and channel

construction to prevent debris

flows and reinsertion of
reinforcing bars to prevent
collapse sources.

+ Capable of dealing with all
possible flow causes.

+ As a climate change
adaptation, plan to increase
the target flow rate.

9leIapOo -1l NV1d

11

Collapse/slide area

T,

Bridge Road

Debris flow deposits

+ This is a method that new
bridge is constructed on the
valley side of the road and
debris flows down under the
bridge.

+ Although the expected
amount of sediment will be
accommodated, there remair
a risk that driftwood and large
rock blocks may cause river
channel blockage and collaps
damage.

+ As a climate change
adaptation, plan to increase
the target flow rate.

5E

Arejodwal ||l NV1d

Collapse/slide area

™

Small check dam (gabion)

Debris flow deposits

+ Place many small-scale
check dams in mountain
streams.

+ Capable of dealing with
small-scale debris flows that
occur frequently, but large an
medium-scall debris flows
from upstream areas cannot
controlled.

- A conventional method
practiced in Nepal for a long
time.

o

be

Source: JICA Survey Team
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(3) Slide

At the slide site, the movement of the landslidérsass, collapse of the roadside slope (mounidim s
slop or road shoulder), and erosion by spring waterecognized as hazard factors. The followinggh
engineering measures are proposed as typical engiganethods to cope with these events.

Table 9-6 Engineering Measures for Slide

Pattern Diagram

Points

Jusuewlad I NV1d

Cutting

Drainage well
- 1§

Road

Shotcrete work with
ground anchors

Filling (Temporary)~__

spring

+ Control works (head removal,
water collection wells) will be
planned to stop landslides, and
deterrent works (anchors) will be
installed to prevent roadside
collapse.

+ Capable of dealing with all
possible slide causes.

+ As water collection wells have

no experience in Nepal, Japanese

technology* need to introduce.

* Increase the number of water
collection wells as a climate
change adaptatiéh

9JRISPOIN ‘1l NV 1d

% Horizontal drain
Filling

Roac\

Spring

Road

-

Slide brock
Reinforced |
earth

+ Plan control works (pressing
embankment or horizontal
drilling) to mitigate landslide
movement.

- Slide movement is mitigated,
but it is a possibility to continue.
If damage is progressing,
additional engineering measures
are required.

+ The method is used in Nepal.

Arejodwsa] |1l NV1d

Horizontal drain
Gabion

Road Road

.

Slide brock
Reinforced =

earth :
Spring

+ Slide restraint measures will
not be implemented, and a
standby structure will be planneg

on the mountain side of the road.

- Capable of preventing damag
from roadside slopes.

- Shift road alignment to secure
pockets.

1

h

Source: JICA Survey Team

21 The Japanese liner plate, which protects wellsyhls excellent durability and workability, and gmall rotary
percussion drill, which makes it possible to camstiwater collection and drainage borings insidelell, has

excellent workability. Therefore, the introductiohthe equipment is recommended.

22 The drainage drillings inside the well should bmaged in a fan shape from the same location, avitmterval
of 5m to 10m at the end tips of the drillings. Bpacing is recommended about 10% closer to 4m taScfimate
change adaptation.
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(4) Road Carriageway Collapse

At sites of road carriageway collapse, landslidevemaent, colluvium collapse and river erosion are
recognized as hazard factors. Here, engineeringunes against road carriageway collapse itself are
shown, and engineering measures against slideufitiohs and river structures for full-scale river
erosion prevention are not included. The followihgee engineering measures are proposed as typical

engineering methods.

Table 9-7 Engineering Measures for Road Carriageway Collapse

Pattern Diagrams

Points

Shotcrete work with

ground anchors ===,

Concrete 2o N\
retaining wall

HWL
, LWL

TUAUBWLId] I NV Td

+ Construct a deterrent work (anchor)
on the slope under the road to
stabilize the collapsed soil mass.

+ In case that there is a river at the
end of the site, use bank protection to
prevent erosion.

+ Highest stability.

HWLZ= High Water Level
LWL?*= Low Water Level

Reinforced earth

L, HWL
LWL

9JBIopOIN II'NV'1d

+ Reinforced soil will be installed on
the valley side of the road to ensure
road stability. It is important to ensure
that the foundation of the reinforced
soil is firmly attached to the rock.

* There remains a risk that the
foundation of the reinforced soil will
become unstable due to river erosion
in the future.

Mitigation Plan II

Road
Asphalt curb

Concrete
retaining wall

HWL

Arexodwa] 11I:NV'1d

L LwL

+ Gabion will be installed on the road
valley side to ensure road width.

+ In case that there is a river at the
end of the site, use bank protection to
prevent erosion.

+ As this construction method does
not fundamentally address the cause
of the damage, there is a high risk of
repeated damage and the need to redo
the work each time.

Source JICA Survey Team

2 HWL= A water level, is used to evaluate the sigbif the slope on the river side of a road and food level

that occurs once or twice a year.

24 LWL=The water level does not fall below this lefet 275 days in a year.
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Chapter 10. Selection Criteria and Creation of Shortlist of Sie-based
Assessment
10.1. Summary of Site -based Assessment and Shortlist

A cost-benefit analysis was conducted on the 33 sielected in the longlist, and 9 sites were t&lec
for the shortlist that have a net present valueM]N#ver Q Figure 10-Ishows the process of shortlist
selection.

1. Longlist 33 sites, 4NHs

2. Engineering Measures '

}

: 3. Risk: Potential Annual Loss (NRs/year
Construction Cost ( year)
(3 Alternatives per site) J Baleniial.ahnia (66s =

(road reopening cost + road interruption traffic loss)
X annual exceedance probability (%/year)

+ Road Interruption Traffic Loss : the smaller value of Waiting
Loss and Detour Loss of whole-width Road Closure

Countermeasures Cost:
3 Alternatives

+ Permanent 4. Annual Risk Reduction Benefit
» Moderate 1 (NRslyear) of 3 Alternatives )
+ Temporary Potential annual loss before engineering measures —

5. Cost-Benefit Analysis ‘ Potential annual loss after engineering measures

Net Present Value >0
Exclude Significant negative Impac;

6. Shortlist 9 sites, 3NHs

[Selection Criteria]

- Cour witha positive net present value

Exclude those below

« Land acquisitionis difficult

- Significant negative impact on the environment or society

« The ground of houses and infrastructure located on the
upper slopes may become

4

Source: JICA Survey Team
Figure 10-1 Site-based Assessment and Selectior&gss of Shortlist
1) Target: 33 sites, in 4NH in longlist.

2) Estimated construction cost (3 plans per sitejee plans (PLAN I: Permanent, PLAN II: Moderate,
PLAN IlI: Temporary) were proposed and the estirdatenstruction cost was calculated for each site
based on the approach described in "8.2 Enginebtaasures Methods for Each Landslide Type"

3) Potential Annual Loss (NRs. /year):

Potential annual loss is calculated by multiplyihg loss due to whole-width road closure by the
annual exceedance probability of the road landslidsure events.

The losses associated with road closures are Hogviiog two items:

Road reopening cost: The input value confirmedeydistrict road office (DRO).
Road interruption traffic loss: The smallest vaaraong the standby loss and detour loss.

4) Annual risk reduction benefit: The effect of ilmmenting engineering measures works is calculated
as "potential annual loss before engineering measyyotential annual loss after engineering measur
The "potential annual loss after engineering measuwas obtained by considering the "annual
exceedance probability of a road landslide closwent after engineering measures" for each of the
three plans (PLAN I - 1I).

5) Net Present Value (NPV): The annual risk reducbenefit and the estimated construction cost were
each converted into a present value, and the NP3/alstained as "present value of benefit - present
value of cost.

6) Shortlist: The sites on the shortlist were del@édased on the NPV being greater than zero, ks we
as the impact of the land acquisition, environmpntate houses, etc.
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10.2. Individual Site Analysis for Road Landslide

10.2.1. Calculation Method

The calculation method is based on the "World B&HMBRR 2020 Road Geohazard Risk Management
Manual, Operation Manuall: Economic Risk Estimatiord Cost-Benefit Analysis" (the WB2020-
OML1). Details of the method are described as fadlow

10.2.2. Evaluation of Annual Exceedance Probability of Road andslide Event

The number of landslide events over 20 years imattd based on the damage information obtained
from DOR and the traces of damage in satellite esaiyer the past 20 years, and the annual excedanc
probability of whole-width road closure damage acalated. However, suppose multiple landslide
events are confirmed in the damage informationinbtafrom DOR from June to September 2023. In
that case, it is determined that this reflectsstiadility of the current situation, and it is calesied that
multiple landslide events occurred in one year. iitmaber of landslide events per year is evaluaged a
the annual exceedance probability. When the suray conducted a field visit in August 2023, kit
evaluated that the measures have been implementetha level of safety has increased, the annual
exceedance probability was reduced according tetddglity evaluation.

10.2.3. Estimation of Potential Annual Loss
The potential annual loss due to road closurel@utzied as the following:

Potential annua loss =
(road reopening cost + road interruption traffic k5
x annual exceedance probability of landslide everty€zr)

Table 10-1shows the method for calculating the potential.loss

Table 10-1 Calculation of Potential Damage

Calculation Item Calculation Policy
Road reopening costs The amount is input basedhendistrict road office's (DRQ)
confirmation.
Road interruption traffic loss It is assumed that road users will make econoryicedtional

decisions in the event of a road closure eventta@dmaller value
of the waiting loss and the detour loss is defirmsdthe road
interruption traffic loss. If there is no detounetwaiting loss ig
treated as the road closure loss.

Source: JICA Survey Team

(1) Road Reopening Costs

The input figure is the cost of damage caused bglevividth road closure at each site confirmed by
DRO.

(2) Road Interruption Traffic Loss
Losses related to road closures are calculated.

Road interruption traffic losses are first calcethby waiting for losses and detour losses. If nosets
make economically rational decisions, the smalldue of the waiting loss and the detouring loss is
defined as the road interruption traffic loss.hétte is no detour, waiting loss equals road inption
traffic loss.

(3) Waiting Loss

The waiting loss is calculated using the followfagnula as the loss in the time travel cost ofitbleicle
when the road is closed.
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Waiting Loss = (TTC xwaiting time)
where,

TTC = time travel cost (NRs. /vehicle/hour) = mamgtvalue of time travel when the travel time of a
vehicle is reduced by 1 hour

10.2.4. Detour Loss

The detour loss is calculated using the formulaweds the sum of the increase in vehicle operation
costs and the growth in the TTC of the vehicle wihenvehicle takes a detour. The concept of theudet
is shown inFigure 7-1 The Concept of Setting Detours.

Detour loss =Y. (VOC for a detour section x travel distance — Tfb€the evaluated road section x
travel distance) £ (TTC x increases in travel time due to detour)

Where,
VOC = vehicle operation cost (NRs. /vehicle/km)ehiele operation cost when a vehicle travels 1 km.
10.2.5. Calculation of Potential Annual Loss and Annual Ri& Reduction Benefit

In case that the engineering measures has beeenmapted, annual damage reduction benefit are
calculated as below:

Annual risk reduction benefit = Potential Annuas$obefore engineering measures — Potential Annual
loss after engineering measures

The annual loss after engineering measures waslatdd by considering the “annual exceedance
probability after engineering measures” for thréeengineering measures plans (PLAN I-l1ll). The
annual exceedance probability after engineeringsomea is a value that reflects the safety degrédeeof
adopted engineering measures as a technical infizgét dnas been completed.

[Annual exceedance probability after engineeringsoees]
<Engineering measures works> <Annual exceedamt®pility after the engineering measures>

« PLAN I: Permanent:100 Year
« PLAN II: Moderate:50 Year
* PLAN III: Temporary : 25 Year

10.2.6. Cost-benefit Analysis of Engineering Measures

A cost-effectiveness analysis will be conductedeanh site's three engineering measures alternative
plans. The diagram of input and output items fatedfectiveness analysis is showrFigure 10-2

Input item Output item
Items Unit Item Unit
Engineering measurgsNRs. Net Present Value (NPV) NRs.
constructiol cos
Annualmaintenance cc NRs. /Yeal Benefit cost rati Non dimensio
Annual risk reduction benefit | NRs. / Year Economic internal rate of retunn%
(EIRR)
Discount rate %
Evaluation period Year

Source: JICA Survey Team
Figure 10-2 Input and Output Items of Cost-BenefitAnalysis of Engineering Measures
The input items are as follows.

(1) Engineering Measures Construction Cost

In this assessment, the estimated engineeringisdsie direct construction cost plus 15% of the
contractor's indirect costs. However, the estimgtegject cost is the amount that includes 40% of
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expenses (24% of contingencies, 13% of design apergision costs, and 3% of other expenses). The
24% contingencies are stipulated in Nepal's Pislicurement Rules Nepal Sambat 2064 (2007). Since
this assessment does not cover all the benefitgjllitconsider the estimated construction costs,
excluding project cost, approximately 40% of thpenses. Benefits not covered include those that are
difficult to calculate, such as loss of affectedspas, loss of vehicles, moving costs of heavymgent

and machinery, and fixed costs (labor costs andrmesgs) of restoration workers.

(2) Maintenance and Operation Cost

For technologies that do not require special maartee and management, 0.1% of the construction cost
will be set as the annual maintenance and manadearost as additional construction is not assumed
within the target safety level of probability yeraka landslide event. For bridges and groundwater
drainage works, 1% of the construction cost willdilecated for painting, repairing, and reinforcing
bridges and engineering measures for clogging gheater drainage holes. For debris flow dams, 5%
of the construction cost will be allocated for degpair and sediment removal. These coefficients are
set empirically for initial cost-effectiveness awafion. The DOR's maintenance department has
confirmed that it is generally appropriate.

(3) Annual Risk Reduction Benefit

The AnnualRisk Reduction Benefit estimation is shown1f.2.5 Calculation of Potential Annual
Loss and Annual Risk Reduction BenefitThe following values are input for the estimation

Annual increase in AADT: 6% (the general value UugedOR's planning)

The annual increase rate of time travel cost 3.d8ffal GDP increase, 10-year average
from WB2013/14 to 2022/23)

The annual rate of increase in vehicle operati@isc®.2% (annual price increase rate,
10-year average from WB2013/14 to 2022/23)

Discount rate: 12% (The discount rate applied ®WB funded improvement project of
NH17 Prithivi Highway, Nagdhunga-Naubise-Muglingady which is also connected to
the road subject to this assessment, will be agplie

Evaluation period: 30 years (apply the evaluatienga used in the WB funding road
rehabilitation project of NH17 Prithivi Highway, §dhunga-Naubise-Mugling road,
which is also connected to the road targeted feratsessment)

(4) Net Present Value (NPV)

The NPV is calculated using the equation belowhdf NPV is positive, the larger the positive value,
the more valuable the investment is and the higtesreturn on investment.

Net Present Value = Present Value of Benefits s@mneValue of Costs
(5) Cost-Benefit Ratio

The Cost-Benefit Ratio is calculated using the &quoabelow. In case that the Cost-Benefit Ratio
exceeds 1, it is worth investing in. However, eifem small-scale investment is efficient, if thekri
reduction benefit is small, it will not be consistevith the objective of a significant risk redusti
benefit, so it will not be used as an indicatordelecting engineering measures.

Benefit-Cost Ratio = Present Value of Benefit /9erg Value of Cost
(6) Economic Internal Rate of Return (EIRR)

EIRR is the discount rate at which the present fitevedue equals the cost value. The higher theFEIR
is, the more profit can be obtained quickly. Sitide is an indicator used in investment decisiorkina
by the Nepali government, engineering measuresamtigh EIRR will be selected.
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10.3. Site-based Shortlist Selection Criteria and Listing

10.3.1. Site-based Shortlist Selection Criteria

For the 33 sites on the longlist, the sites andnerging measures (PLANI, II, III) that would besto
effective were selected as candidates for selectiortases where multiple engineering measures
methods were appropriate at a single site, thenergihg measures method with the highest EIRR was
finally selected.

[Shortlist Selection Criterid\et present value (NPV) > 0

What should be noted is, sites and engineering unesishat are difficult to implement as below have
been excluded.

e Land acquisition is difficult.
» Significant negative impact on the environmentamiety.
* There are houses or other structures on the upggEss which may be affected.

10.3.2. Selection of Site-based Shortlist
Based on the selection criteria, nine sites wedecta from the 33 sites on the longlist.
The breakdown is as follows.

* Five sites from NH44 Narayanghat Mugling Highway
e Three sites from NH47 Siddhartha Highway
* One site from NH25 Dumre-Besisahar-Charme Highway

Except for two proposed bridge alignment chandestdrget safety level of damage has been lowered
to 50 or 25 probability years.

(1) NH44 Narayanghat Mugling Highway

Five sites were selected from the 11 longlistegksitn NH44 Narayanghat Mugling Highway based on
the selection criteria. Details of the engineenmgasures are shown@hapter 11.

Population Density Map
L Byas

Sahid Lakhan
G OR K H A

xxxxxx

Benighat

Rora
D H A D?‘S""ﬁ"

Longlist S‘iies

T — NHA4_004
A B Risk Index per square kilometer

Ranking No. B < 200
200 - 500
TR [ 500 - 1000
55 1000 - 2000
A I 2000 - 5000
T v T B 5000 - 10000
______ Ritnanagar-. % %0 > 10000

Source: JICA Survey Team, base map: OpenStreetMapirstp ward population density of the 2021 census

Figure 1044 Narayanghat Mugling Highway Assessment Sites Map
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Table 10-2 Selected Shortlist Sites on NH44 Narayanghat Mugling Highway

. The Target
Longlist |y inage | Landslide Selected Safety Lowdof | NPV
Risk Alternative o
Inventory Type . . Probability BCR
Index Engineering
Ranking No. Measures Plan Years of EIRR
Damage Event
1 21+500 Flow Downstream of 100 years NPV=110
L2 the newly BCR=2.26
constructed EIRR=21%
bridge on the
valley side,
Bridge length:
40m
34 20-+000 Flow Downstream of 100 years NPV=18
Ls the newly BCR=1.15
constructed EIRR=13%
bridge on the
valley side,
bridge length
35m
4 31+400 Collapse Slope cutting 50 years NPV=709
L25 BCR=7.93
EIRR=50%
14 33+150 Collapse Slope cutting 50 years NPV=24
L24 BCR=1.18
EIRR=13%
15 334800 Collapse Slope cutting 50 years NPV=262
L26 BCR=2.39
EIRR=21%

Source: JICA Survey Team

Table 10-3 Summary of Proposed Shortlist Extraction for NH44 Narayanghat Mugling Highway

Risk Index Ranking of Longlist 1, 21+500, L2: Mauri Bridge, Flow
Probability year of whole-width damage event: 1.0 years

Reopening duration from whole-width road closure: 0.4 days

Road closures will be observed in 2022 and 2023.

DOR and GESU are planning and designing an erosion control weir
and bioengineering project in the watershed under a WB-funded Asian
Disaster Preparedness Center (ADPC) contract.

A bridge risk avoidance plan (PLAN II for debris flow) with the
highest EIRR is selected after a comparison with the two watershed
erosion control alternative planes (PLAN I and PLAN III). If the safety
level is reduced, the water erosion control project obtains a positive
NPV. Currently, new bridge is being constructed, but it will be a linear
shift of the new bridge (L=40m) further into the valley side.

Risk Index Ranking of Longlist 34, 20+500, L5, Flow

Probability year of whole-width damage event: 0.2 years

Reopening duration from whole-width road closure 0.1 days

DOR has no plan for engineering measures.

A bridge risk avoidance plan (PLAN II for debris flow) with the
highest EIRR is selected after a comparison with the two watershed
erosion control alternative planes (PLAN I and PLAN III).

All alternative plan (PLAN I, II, IIT) have positive NPVs.

The realignment by bridge to the road valley side is selected for the
100 probability years of peak debris flow rate x 1.1 that flow debris
flow safely.
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Risk Index Ranking of longlist 4, 31+400, L25, Collapse.

Probability year of whole-width damage event: 0.2 years

Reopening duration from whole-width road closure: 0.1 days

DOR and GESU are planning and designing slope engineering
measures projects in the watershed under a WB-funded ADPC
contract.

DOR's DRO is in the process of planning and designing engineering
measures.

After comparing the frame work with the lockbolt, realignment by
reinforced earth, the slope cut plan is selected with the highest EIRR
and target safety level of 50 probability years.

Risk Index Ranking of longlist 14, 33+150, L24, Collapse.
Probability year of whole-width damage event: 0.1 years

Reopening duration from whole-width road closure: 0.1 days

DOR's DRO is in the process of planning and designing engineering
measures.

After comparing the frame work with the lockbolt and realignment
with reinforced earth, the slope cut plan with a high EIRR and target
safety level of 50 probability years is selected.

Risk Index Ranking of longlist 15, 33+800, L26, Collapse.
Probability year of whole-width damage event: 0.2 years

Reopening from whole-width road closure: 0.2 days

DOR and GESU are planning and designing slope engineering
measures projects in the watershed under a WB-funded ADPC
contract.

After comparing the results with the frame work with lockbolt and
realignment with reinforced earth, the slope cut plan with a high
internal return rate and target safety level of 50 probability years
probability is selected.

Source: JICA Survey Team
m Reference: Sites not selected for site-based|stiog in NH44

The sites that were not selected for the shomlisiH44 and the reasons are showiTable 10-4.The
"three engineering measures plans" in the tabkr tefPLAN I: Permanent, PLAN II: Moderate, and
PLAN lII: Temporary of the engineering measuresiplan Annex B.5: Risk assessment, engineering
measures plan and benefit and cost analysis. Failgiglease refer tGhapter 9.
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Table 10-4 Reasons for Non-selection of NH44 Narayanghat Mugling Highway Sites

Longlist Chainage | Landslide Reason for non-selection Response by

Risk Inventory | Type DOR

Index No.

Ranking

3 15+100 Collapse NPVs of all three alternative plans of | No special note
L3 engineering measures are negative.

24 16+000 Flow + The revetment was installed in August | Construction
L4 2023, so no additional measures should be | support

taken, and observation is appropriate.

23 21+300 Collapse NPVs of all three alternative plans of | No special note
L1 engineering measures are negative .

13 26+500 Carriageway | - The ground anchor was installed in 2022 | No special note
L6 Collapse and is stable. The road surface of 26+800

adjacent to the area of engineering measures
needs to be monitored as minor settlement is
observed.

6 32+500 Collapse NPVs of all three alternative plans of | 8th on DOR's
(modified engineering measures are negative. priority list of
from - The threat to road users is high, so | requests to Japan
33+000) implementation of engineering measures is (10™ October
L7 recommended. The slope cut proposal is | 2023).

unacceptable because it destabilizes the upper | DRO is planning
slope. Frame work with rock bolt and ground | and designing
anchor with a target of damage event of 100 | engineering
years probability is recommended. measures

17 34+500 Collapse * The soft rock slopes cut in 2023 are stable, | Construction

and additional measures are not a priority. support

Source: JICA Survey Team

Table 10-5 NH44 Narayanghat Mugling Highway

Risk Index Rgnkng 13, Carriageway Collapse

Ny

e, S
2 -\3. N 4 - 5 & . > ey
Ground anchors have been taken to measure landslides and road collapse in 2022. Minor road surface

subsidence is observed at 15+300 adjacent to the road but can be addressed by visual monitoring.

Risk Index Ranking 24, Carriageway Collapse

June 2023 August 2023
A concrete foundation footing revetment was installed on the river side of the road from June to August 2023.
It has been functioning since its installation.

Source: JICA Survey Team
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(2) NH47 Siddhartha Highway

Ten sites were selected from 10 longlist sites on NI®ddhartha Highway based on the selection

criteria. Details of the engineering measures hosva inChapter 11
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Source: JICA Survey Team, Base Map: OpenStreetMapisgavard population density of the 2021 Census
Figure 10-3 NH47 Shidharth Highway Assessment Site Map

Table 10-6 Selected Shortlist Sites of Site-based Analysis on NH47 Siddhartha Highway

Longlist | Chainage | Landslide Selected The Target Safety
3 3 NPV
Risk Inventory Type Alternative Level of
5 . o BCR
Index No. Engineering Probability EIRR
Ranking Measures Plan Years of Damage
Event
2 35+500 Slide Drainage lateral 25 years NPV=3,414
SHO3 boring BCR=10.57
EIRR=94%
29 46+400 Collapse Slope cut 50 years NPV=29
SHO09 BCR=1.17
EIRR=13%
12 87+400 Collapse Slope cut 50 years NPV=62
SH18 BCR=2.53
EIRR=22%

Source: JICA Survey Team
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Table 10-7 Summary of Proposed Shortlist Extraction from NH47 Siddhartha Highway

Risk Index Ranking of Longlist 2, Slide

Probability year of whole-width damage event: 3years
Reopening duration for whole-width road closure: 2.7 days
9" of DOR's priority list of requests to Japan (10" October
2023)

After comparison with the plans of engineering measures,
including drainage wells, the horizontal subsurface drain
is selected with the highest EIRR, less cutting of standing
trees, and target safety level of 25 probability years.

Risk Index Ranking of Longlist 29, Collapse

Probability year of whole-width damage event: 10 years
Reopening duration for whole-width road closure: 0.5 days
13" of DOR's priority list of requests to Japan (10" October
2023).

After comparing the frame work with the rock bolt, the slope
cut is selected with the highest internal return rate and target
safety level of 50 probability years.

Risk Index Ranking of longlist 12, Collapse.

Probability year of whole-width damage event: 7 years
Reopening duration for whole-width road closure:1.6 days.
12 of DOR's priority list of requests to Japan.

As a result of comparison with the frame work with anchor
and high intensity rockfall protection barrier, the slope cut is
selected with the highest EIRR and the target safety level of
50 probability years.

Source: JICA Survey Team

m Reference: Sites not selected for site-basedIistiog in NH47

The sites that were not selected for the shorirlistH47 and the reasons are showitable 10-8 The
"three options for engineering measures" in théetedfer to PLAN |: Permanent, PLAN II: Moderate,
and PLAN Ill: Temporary, and are described in détaChapter 9.
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Table 10-8 Reasons for Non-selection of NH47 Sidditaa Highway Sites

Longlist .
RES Iﬁcglr?ti?; Landslide Type Reason for non-selection SEEpEnEE [
Index DOR
: No.
Ranking
9 38+000 Collapse * NPVs of all three alternative plans pfNo special note
SHO5 engineering measures are negative.
5 39+500 Flow + NPVs of all three alternative plans pRepeatedly
SHO06 engineering measures are negative. | construct
- The cost of the bridge measures| ialley side
somewhat high for a curved bridge with) §mbankment
length of 45m.
28 39+600 Collapse/Carriageway - NPVs of all three alternative plans o
SHO7 Collapse engineering measures are negative.
8 46+400 Collapse + NPVs of all three alternative plans o
SH09 engineering measures are negative.
30 49+800 | Slide - NPVs of all three alternative plans o
SH12 engineering measures are negative.
+ The landslide control embankment on
the road valley side is not feasible due to
the difficulty of expropriating land fof
residential use.
10 56+000 Slide + NPVs of all three alternative plans o
SH13 engineering measures are negative.
11 56+200 | Slide + NPVs of all three alternative plans o
SH14 engineering measures are negative.

Source: JICA Survey Team
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(3) NHO03 Pokhara-Baglung Highway

Based on the selection criteria, none of the dagtyglisted sites on the NHO3 Pokhara-Baglung Highwa
are selected because they have negative NPVs.
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Source: JICA Survey Team, Base map: OpenStreetMapirsfpovard population density of the 2021census
NHO03-408 is the road link number, and AADT is ttf22/22 value.

Figure 10-4 NHO3 Pokhara Baglung Highway Assessment Site Map

Table 10-9 Reasons for Non-selection of NH03 Pokhara-Baglung Highway Sites

LI Chainage
LS Inventory LLATGHI Reason for non-selection Response
Index Type by DOR
. No.

Ranking

32 58+700 Collapse + NPVs of all three alternative plans of engineering
PB02 measures are negative.

20 58+880 Flow + NPV of all alternative plans of engineering
PB03 measures are negative.

21 57+400 Collapse + NPV of all three alternative plans of engineering
PB04 measures are negative.

22 52+500 Flow + NPV of all three alternative plans of engineering
PBI1 measures are negative.

33 51+500 Collapse + NPV of all three alternative plans of engineering
PB21 measures are negative.

25 37+900 Slide + NPV of three all alternative plans of engineering
PB36 measures are negative.

26 36+400 Slide + NPV of all three alternative plans of engineering
PB37 measures are negative.

27 26+200 Slide + NPV of all three alternative plans of engineering
PB38 measures are negative.

Source: JICA Survey Team
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(4) NH25 Dumre-Besisahar-Charme Highway

One site was selected from the four longlistedsgite the NH25 Dumre-Beshisahar-Charme Highway
based on the selection criteria. Details of tharexeging measures works are showChapter 11
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Source: JICA Survey Team, Base m@menStreetMap showing ward population density efZB21census
Figure 10-5 N25 Dumre-Besisahar-Charme Highway Assessment Site Map

Table 10-10 Selected Shortlist Sites by Site-based Analysis on NH25 Dumre-Beshisahar-Charme

Highway
Longlist Chainage Selected Sa?':t;TI?:\fgeﬁto f NPV
Risk 8¢ | Landslide Alternative ar BCR
Inventory . q Probability
Index Type Engineering EIRR
5 No. Years of
Ranking Measures Plan
Damage Event
16 45+150 Collapse Realignment of 25 years NPV=668
L21 the road with BCR=2.15
reinforced earth EIRR=20%
embankment and
gabion catch
works

Source: JICA Survey Team
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Table 10-11 Summary of Proposed Shortlist Extraction from NH25 Dumre-Banshidhar-Charme
Highway

- | Risk Index Ranking of Longlist 16, Collapse
Probability year of whole-width damage: 3 years
Reopening duration from whole-width road closure: 5.8
days
23" DOR's priority list requests to Japan on 10™
October 2023.
The assessment results of the alternative plans of
engineering measures with slope bioengineering and
high energy debris protection barrier all have positive

NPV. Plan III for the gabion catch works and road

" L realignment with reinforced earth was selected,
Collapse in 2022 because of the highest EIRR among alternative Plan I,
I1, and III for collapse. The selected Plan III has a target
safety level of 25 probability years.

Since the project is in the Annapurna Nature Reserve, it
is necessary to comply with regulations regarding tree
cutting, bioengineering, etc.

Source: JICA Survey Team
m Reference: Sites not selected for site-basedlistiog in NH25

The sites that were not selected for the shoimlistH25 and the reasons are showiiatle 10-12 The
"three options for engineering measures" in théetedfer to PLAN |: Permanent, PLAN II: Moderate,
and PLAN Ill: Temporary, and for details, pleasteréo Chapter 9.

Table 10-12 Reasons for Non-selection of NH25 Dumre-Beshisahar-Charme Highway Sites

Longlist Chainage
Risk g Landslide . Response by
Inventory Reason for Non-selection
Index Type DOR
. No.
Ranking
18 61+100 Collapse + NPVs of all three alternative plans of
L12 engineering measures are negative.
31 101+800 Collapse + NPVs of all three alternative plans of
L19 engineering measures are negative.
19 62+500 Collapse * NPVs of all three alternative plans of
L20 engineering measures are negative.

Source: JICA Survey Team
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(5) NH37 Kanti Highway (Referential Assessment outsidef the Site-based Analysis)

The section of NH37 Kanti Highway was not includadhe longlist, but the engineering measures
work was considered, and cost-effectiveness arsalyas performed for reference due to the strong
request for assistance from the DRO. In battalysis, the NPV is negative.
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Source: JICA Survey Team, Base Map: OpenStreetMapisgavard population density of the 2021 census
Figure 10-6 NH37 Kanti Highway Assessment Site Map

The sites that were not selectedsite based short list in NH37 and the reasonstawisin Table
10-13below. The "three options for engineering measurethe table refer to PLAN I: Permanent,
PLAN II: Moderate, and PLAN IlI: Temporary, and fdetails, please refer @hapter 9.

Table 10-13 Engineering Measures Works and Study Sites for Cost-effectiveness on NH37 Kanti

Highway
Risk Chainage Landslide Cost-effectiveness of Engineering
Index | Inventory Type measures Works Response by DOR
Ranking No.
84 69+365 Collapse + NPV of all three alternative plans of
K3 engineering measures are negative.
85 66+565 Collapse * NPVs of all three alternative plans of Geotechnical
K4 engineering measures are negative. investigation conducted
in 2023.
62 63+885 Collapse * NPVs of all three alternative plans of
K5 engineering measures are negative.
119 61+627 Collapse * NPVs of all three alternative plans of Geotechnical
Ké engineering measures are negative. investigation conducted
in 2023.
63 56+420 Slide + NPVs of all three alternative plans of Electrical prospecting
K7 engineering measures are negative. conducted in 2022.
73 46+000 Collapse * NPVs of all three alternative plans of
K3 engineering measures are negative.
68 42-+000 Slide * NPVs of all three alternative plans of Electrical prospecting
K9 engineering measures are negative. conducted in 2022.

Source: JICA Survey Team
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(6) NHO03 Khurkot-Halesi (Reference Assessment Outsidd the Site-based Analysis

Although the NHO3 Khurkot-Halesi section is notluded in the longlist, there is DRO's priority reut
for landslide (July 2023). In addition to the tbpete sections in the DOR Longlist Risk Index Ragkin
we also prepared three engineering measures cotisitrplans, including one section requested by the
DRO at the time of the survey team's inspectioreanly August 2023, and examined their cost-
effectiveness.
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Figure 10-7 NH03 Khurkot-Halesi Assessment Site Map

Table 10-14 Economically Promising Sites on the NH03 Khurkot-Halesi Section

Risk Chainage | Landslide Selected The Target NPV
Index Inventory Type Alternative Safety Level of BCR
Ranking No. Probability | Engineering Probability EIRR
of Damage | Measures Plan Years of
Damage Event
183 18+600 Collapse Slope cut 50 years NPV=16
HK13 BCR=1.66
EIRR=17%
201 4+000 Collapse Slope cut 50 years NPV=463
HK15 BCR=5.67
EIRR=38%

Source: JICA Survey Team
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Table 10-15 Summary of Economically Viable Site on NH03 Khurkot-Halesi Section

Risk Index Ranking 183, Collapse.

The probability of whole-width failure: 1.5 years

Reopening for whole-width blockage failure: 0.8 days.

There is no priority of the DOR request.

After a comparative study with slope frame work with rock bolt and gabion
catch works, the slope cut plan with the highest EIRR and target safety
level of 50 probability years is promising.

Risk Index Ranking 201, Collapse

Probability year of whole-width failure: 1

Recovery duration of whole-width closure: 2.4 days

24% on DOR's priority list of requests to Japan.

After comparison with the frame work with rock bolt and gabion catch
work, the slope cut plan with the highest EIRR and target safety level of 50
probability years is promising.

Source: JICA Survey Team

Table 10-16 Summary of Other Assessment Sections in NH03 Khurkot-Halesi
Longlist | Chainage

Risk Landslide Cost-effectiveness of Engineering Measures Response by
Index | Inventory Type Works DOR
Ranking No.
179 15+600 Collapse * NPVs of all three alternative plans of No special note
HKO05 engineering measures are negative.
182 101+800 Collapse * NPVs of all three alternative plans of No special note
HK10 engineering measures are negative.

Source: JICA Survey Team

10.4. Selection Results of the Comprehensive Shortlist

Seven sites selected by route-based analysis aadites evaluated by site-based analysis ard liste
Table 10-17 For seven sites (NH 37: Kanti Highway) selectedugh the route-based analysis, the
economic justification of the project may be obeairby considering the benefits of widening the road
from 1.5 to 2 lanes and pavement improvement, ditiath to the benefits of reducing landslides risk.
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Table 10-17 Selection of Comprehensive Shortlist

Target Safety [Benefit Cost Indicators:
. Route- - Landslide Level of NPV: Net Present Value|
Riskindex | ceq  |Mndividuallp o Probabili (million Rs.)
NH Chainage |Ranking . |Site P . Selected Alternative Countermeasures PICLQ ty X “ . Remark
(inventory No.) Analysis Analvsis (Technical ears of BCR: Benefit Cost Ratiq
y No. Selection 4 Difficulty) Damage EIRR: Economic Interna)
Incident rate of Return
NH25 Collapse Realignment, Reinforced earth embankmepnt + NPV=668, BCR=2.2
Besisahar-  |45+150 | 16 (L21) v rapse gnment, i 25yearg oo BUR=SS
(M: Medium) Trap gabion wall EIRR=20%
Charme
Slide Earth removable of slide head, drainage wall, INPV=-2,060 BCR=0.0,
42+000 68 (K9) s (M: Medium) horizontal subsurface drainage 100 yea“EIRR: -
Frame work with ground anchors, high- _ _
46+000 73 (K8) v E:I\j'”lflllpesdeium) intensity slope protection net, alignment shift 100 year, %:DRVR__}AG]” BCR=0.0,
by reinforced earth embankm By adding to the benefits df
. Egrth removable of slide head, frame work reducing travel time and
56+420 63 (K7) v SI|.de . wnh groundlanchors, horlzont-al subsurface 100 year%Pv:qM' BCR=0.0, |¢ravel costs due to wideni hg
(M: Medium) | drainage, alignment shift by reinforced eafth IRR=- from 1.5 lanes to 2 lanes
NH37 embankmet and paving, the
Kanti Highway|61+627 | 119 (K6) v E:Do'l l;ﬁf?fmt) 100 year %l;\/R—_-Z,MG, BCR=0.0, countermeasure works mdgince countermeasures
- - be economically against slopes would be
Collapse NPV=-1024, BCR=0.1, |appropriate for both very difficult, a possible
63+885 62 (K5 v - 100 yeark oo !
(KS) (D: Difficult) Frame work with ground anchors, high- Yo |RR=- individual slopes and avoidance option by tunng
i i i i - — utes. Id also be considered
Collapse intensity slope protection net, alignment shift NPV=-661, BCR=0.0, ro cou
66+565 | 85 (K4) v ©: DiF;ficuIt) by reinforced earth embankment 100 yearg oo In such a case, economic
benefits are expected dug
Collapse NPV=-593, BCR=0.0, the shortening of the
69+365 84 (K3 v e 100 yeark
(K3) (D: Difficult) Y EIRR=- distance presentation.
Flow . . | NPV=18, BCR=1.2,
20+000 34 (L5) v (D: Difficult) Realignment by Bridge (length: 35m) 100 yg EJEEQR:IS%
Flow . . | NPV=158, BCR=2.3,
NHaa 21+500 1 (L2) v (D: Difficult) Realignment by Bridge (length: 40m) 100 yg EEQR:ZW
Collapse NPV=709, BCR=7.9.,
’\Nﬂirgelli)'/%nghat 31+400 4 (L25) v (M: Medium 50 year = IRR=50%
Collapse . . . ! NPV=24, BCR=1.2
33+150 14 (L24 Slope cutting Bioengineerin 50 ! !
(29 Y (M: Medium P g Bloengineenng Yo T IRR=13%
Collapse NPV=262, BCR=2.4,
33+800 | 15 (L26) v (M: Medium) 50years_ oo’ 10
354500 2 (SHO3) v SI|.de Horizontal subsurface drain, gabion bregst 25 year NPV:_3,414, BCR=10.6,
NHA7 (E: Easy wall EIRR=94%
Siddhartha  [46+400 | 29 (SHO9) v (CE"”SS:;* 50 year g:;VR:_Zfa'SCR:“'
Highway 570400 12 (sH1B) P Collapse Slope cutting Bioengineering o0 venr NPV=62, BCR=2.5,
(M: Medium) Yearte IRR=229/

Source: JICA Survey Team
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Chapter 11. Proposal and Schedule for Engineering Measures f@ite-
based Analysis Selected Shortlist

11.1. Engineering Measures

11.1.1. Slope Engineering Measures

(1) Shortlist for Landslide Engineering Measures

Table 11-1shows the selected shortlist sites by site-basedlysis and the landslide engineering
measures, which include two slide sites and sewsbapse sites. The methods of selecting engineering
measures according to the types of road landséiceeexplained ilChapter 9. Engineering Measures
according to the Type of Road Landslideand10.3.2 Selection of Site-based Shortlist

Table 11-1 List of the Selected Site-based Shortliand the Slope Engineering Measures

NH RS Inventory . Type of
Code Indgx No. Chainage Geohazard Remarks
Ranking
NH44 4 L25 31+400 Collapse | - Collapse completely blocked the
road
- Selected engineering measures:
Cutting work and Bioengineeri
14 L24 33+150 Collapse | - Selected engineering measures:
Cutting work and Bioengineeri
15 L26 33+800 Collapse | - Selected engineering measures:
Cutting work and Bioengineeri
NH47 2 SHO3 35+500 Slide - Continuous movement over past 20
years
- Selected engineering measures:
Subsurface drai— Horizontaldrair
12 SH18 87+400 Slide . Active slide
Selected engineering measures:
Cutting work and Bioengineeri
29 SHO9 46+400 Collapse | - Selected engineering measures:
Cuttinc work and Bioengineerir
NH25 16 L21 45+150 Collapse | - Selected engineering measures:
Avoidance- Realignmer

Source: JICA Survey Team

(2) Design Consideration
In general, there are three basic strategies taeethe risk of a landslide to the road:

(1) Prevention or stabilization engineering measures,
(2) Protection engineering measures, and
(3) Avoidance engineering measures.

Prevention engineering measures seek to address omare key mechanisms and causes of landslides
and improve stability of the road slope and lamtiskreas. The latter two engineering measures allow
landslide occurrence and seek to avoid, proteghagar limit the associated impacts on the road a
traffic safety.

Prevention Measures

Prevention measures for a landslide along roadh (Slides and collapses) are directly implemented o
the respective slopes to improve their stabilitytihe required safety levels. Typical prevention
engineering measures include cutting or gradirth@funstable portion of the slope to a lower dolsta
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gradient, construction of anchoring/slope reinfareats, retaining walls, improving drainage
conditions, and increasing forces to resist slidingollapse.

Protection Measures

Protection measures protect road and traffic frands$lides by controlling and stopping moving or
diverting earth or debris mass caused by landslifiae protection measures include catch walls,
protection fences/nets, and check dams.

Avoidance Measures

Avoidance measures are permanent solutions to lldegswithout maintenance which involve
relocation or placing of the highway to more stablees. Avoidance measures mainly include
realignment of the road away from the landslide, $itnnels, bridges and rock sheds that allow pgassa
of landslide materials above and beneath the roads.

In designing the landslide engineering measures,fahowing points should be considered in the
planning of the overall layout,

* Mechanism and dimension of landslides,

« Damage and situation of the road sections duentislales,

e Site specific topographic and geologic conditions,

e Land use constraints and right-of-way for each site

« Safety of construction personnel and traffic duriegstruction,
¢ Availability of construction material and equipment

« Environmental and social effects during construgtand

« Engineering experience and judgments.

In addition, climate change adaptation is incorfetanto landslide engineering measures, which are
as summarized below:

» The cut slopes will be protected with bioenginegi(wegetation) to prevent erosion form
surface water flow,

e Surface drains with a larger drain section (1.28rarger) will be provided for all site to
improve drainage and control surface erosion,

e Subsurface drain or horizontal drain is proveddoge-scale slide site (for example, site of
Risk Index Ranking 2 (SHO3) at NH47 31+500, whileited within the forested land, not
only improving underground water drainage, but alspe minimize deforestation, for
example, for construction of access road and auitiork),

* As an alternative engineering measures againstsdiédavs will be designed to
accommodate a debris flow accompanying the 100-greaedance probability of the 24-
hour rainfall.

Accordingly, as shown ifable 11-1above, from the selected shortlist sites, theragging measures
are selected mainly as follows:

(1) Prevention - Cutting works with bioengineering Risk Index Rankings 4, 14 and 15 on
NH44, Risk Index Rankings 12 and 29 on NH47,

(20 Prevention - Subsurface drains — Horizontal draonkvior Risk Index Ranking 2 on NH47,
and

(3) Avoidance — Realignment for Risk Index Ranking haNiH25,

(4) Avoidance — Bridges for Risk Index Rankings 1 add8 NH44, and 5 on NH47. The design
of Bridges will be given in Section 11.1.2 below.

The cutting work is intended to remove the pregatistable and potentially unstable part of thgetr
slopes with stable or standard gradient (Sa&lele 11-2) Standard gradient is generally determined
according to the geology of cut slopes. The geriiersiope gradient is, the more stable (safegtie
slope is, and where steeper than the standardegtattie more dangerous the cut slope is.
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The gradient of cut slopes at the target slopese vdetermined from geological and rock mass
observation at each site. In addition, the cutesdoghall be protected with bioengineering to preven
surface erosion and to improve environmental impgaxcavation.

Table 11-2 Standard Gradient of Cut Slopes

e . Cut Slope Gradient Cut Slope
Classification and Soils and Rocks Height (i=V:H) Angle
Hard rock 1:0.3t0 1:0.8 73°to 51°
Soft rock 1:0.5t0 1:1.2 63° to 39°
1:1.5o0r .
Sand loose, poorly graded steepe 33 or bigger
Less than 5m 1:0.8t0 1:1.0 51° to 45°
Dense
) 5-10m 1:1.0to 1:1.2 45° to 39°
Sandy soll
Less than 5m 1:1.0to 1:1.2 45° to 39°
Not dense
5-10m 1:1.2t0 1:1.5 39° to 33°
Less than 10m 1:0.8t0 1:1.0 51° to 45°
. . Dense, well graded
Sandy soil mixeq 10 - 15m 1:1.0t0 1:1.2|  45°to 39°
with gravel or rock . 5
graded 10 - 15m 1:1.2t0 1:1.5 39° to 33°
Cohesive soill Less than 10m 1:0.8t0 1:1.2 51° to 39°
Clayey soil mixed Less than 5 m 1:1.0t0 1:1.2|  45°to 39°
with rock or cobble
Stone 5 - 10 m 112 tO 115 390 tO 330

Source: Modified by JICA Survey Team from Manual &lope Protection, Japan Road Association, 200% Htile is
referenced in the DOR 2003 Guide to Slope ProtecBb@R 2007 Roadside Geotechnical Problems.

The subsurface drain — horizontal drain for Rist#teba Ranking 2 (SHO3) at NH47 37+500 is intended
to first stop slide movement by lowering the growater level and improving slope stability of slide.
Abundant springs were observed at site survey, thedefore, horizontal drain is expected to
significantly increase the slope stability of sliddter construction of horizontal drain, its effeeness
can be observed and confirmed through monitoringrotindwater level configuration, and thereby,
further engineering measures, like cutting at {ygen slope of slide, or piling work on the middiepe
just above the road, will be considered.

The avoidance — realignment is intended to sh&trtdad into valley side and trap wall will be inlsta
on the existing road to catch collapsed debris. él@i;, maintenance — regular removal of debris lakhin
trap wall may be required.

The general plans and typical sections of the desiggngineering measures for each site are shown in
Figure 11-1to Figure 11-7.
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Figure 11-1 General Plan and Typical Section of Engeering Measures for NH44 31+400, Risk
Index Ranking 4 (L25)
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Figure 11-2 General Plan and Typical Section of Engeering Measures for NH44 33+150, Risk
Index Ranking 14 (L24)
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Figure 11-3 General Plan and Typical Section of Engeering Measures for NH44 33+800, Risk
Index Ranking 15 (L26)
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Figure 11-4 General Plan and Typical Section of Engeering Measures for NH47 35+500, Risk
Index Ranking 2 (SHO03)
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Figure 11-5 General Plan and Typical Section of Engineering Measures for NH47 87+400, Risk

Index Ranking 12 (SH18)
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Figure 11-6 General Plan and Typical Section of Engineering Measures for NH47 46+400, Risk
Index Ranking 29 (SH09)
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Figure 11-7 General Plan and Typical Section of Engeering Measures for NH25 45+150, Risk
Index Ranking 16 (L21)
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(3) Consideration for Construction

These engineering measures mainly include cuttioidgsvin areas where landslides are active or where
the potential for landslides is high. Accordingignstruction should be avoided during the raingsea
from June to October.

11.1.2. Bridge Works
Q) Target Area of Bridge Works

The sites include bridge work as engineering meassisrshown ifmable 11-3 Risk Index Ranking 1
(L2) 21+500 and Risk Index Ranking 34 (L5) 20+000\NH44 are two of the sites on the shortlist. Risk
Index Ranking 5 (SH06) 39+500 on NH47 was a cubréihe, so the estimated construction cost was
high. As a result, the net present value was negatind it was not selected for the site evaluation
shortlist. As the project was considered promisiagjesign study was conducted to estimate the
approximate construction cost. The cost-benefit 6.7, and the internal rate of return is 9%isTh
report describes this as a promising area wheteauction investment may be appropriate depending
on examining costs and risk reduction benefits.

Table 11-3 Summary of Bridge Planning Sites

Code Road Section Chainage Inventory No. Site Name
NH44 Narayanght 21+50( L2 Mauri Bridge
- Mugling 20+000 L5 Gaighat
Highway
NH47 Siddhartha Highwe 39+50( SHOE Hiyeude Kholi

Source: JICA Survey team

2) Conditions for Design

The proposed bridges involve an alignment shiftnftbe current road to the valley side. The follagvin
geometric condition values were applied based enassumption that the bridge would connect
smoothly to the existing road at both the beginr@ind ending sections.

Table 11-4 Geometric Criteria of Alternative Alignment for Bridge

Design Conditions Nepal Standard Japan Standard Applied Value
Design Spee 60km/t 50km/t 60km /t
Minimum Curve Radit R > =110n R > =100n 100
Minimum Curve Lengt N/A 80 80 mr
Maximum Gradier i <7% i <6% 7.0 %
Minimum Vertical Cres N/A 800mn(1,200m) 800 nr
Curve Radius Sac¢ N/A 700n(1,000m) 700
Minimum Vertical Curve N/A 40m 40m
Lengtt
Road Widtt 10

Source: JICA Survey Team Based on the StandardspéiNind Japan

3) Existing Site Conditions

Figure 11-8 shows the three site conditions as of August 202Bathree sites where bridges are
planned.
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Risk Index Ranking 34 (L5) NH44, 20+000
The road is a straight section. Mudslides from upstream
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Risk Index Ranking 5 (SH06) NH47, 39+500 Mudslides often occur on the curved section of narrow

ravines. DOR is constructing fill on the valley side for
restoration.

Source: JICA Survey Team
Figure 11-8 Site Situation Around the Bridge Target Area

(4) Consideration of Alternatives
Risk Index Ranking 1, NH44 21+500 (L2)

Debris peak flow is estimated to be about 990srhased on 100-year probability rainfall of design

standards of Nepal. And it is evaluated at 1.1 siteeaccount for the effects of climate change. The
required span length is 35m and the required reaheight is 4.8m determined from the discharge and
channel height, and the bridge is planned as a ©hgPC ribbed deck bridge. The road longitudinal

alignment is set by adding 2.7m of girder heightht® channel height. The length of the road section
affected by the change in longitudinal alignmerapgroximately 200m.
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Figure 11-9 General Plan of Engineering Measures fdrisk Index Ranking 1, NH44 21+500 (L2)
Risk Index Ranking 34, NH44 20+000 (L5)

Debris peak flow is estimated to be about 6@snbased on 100-year probability rainfall of design
standards of Nepal. And it is evaluated at 1.1 siteeaccount for the effects of climate change. The
required span length is 23m, and the required beeiheight is 1.9 m, determined from the flow rate
and channel height, and the bridge is plannedRS gbbed deck bridge with a bridge length of 35 m
and a girder height of 2.4 m. The length of thedreaction affected by the change in longitudinal

alignment is for approximately 213m.
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Figure 11-10 General Plan of Engineering Measure®f Risk Index Ranking 34, NH44 20+000

(L5)
Risk Index Ranking 5, NH47 39+500 (SH06)

Mudflow peak flow is estimated to be about 908sased on 100-year probability rainfall of design
standards of Nepal. And it is evaluated at 1.1 sitmeaccount for the effects of climate changee Th
required span length is 40m and the required raeheight is 4.0 m determined from the flow raté an
channel height, and the bridge is planned as aeduPZ box girder bridge with a bridge length ofd5
and a girder height of 2.7 m. The length of thedrgaction affected by the change in plane and

longitudinal alignment is for approximately 127m.
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Figure 11-11 General Plan of Engineering Measure®f Risk Index Ranking 5, NH47 39+500
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195



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

11.2. Environmental and Social Consideration

11.2.1. Purpose and Methodology of Analysis

This section Summary background and identifiegcatiissues relevant to environmental and social
considerations for the planning and implementatafn JICA assistance projects for landslide
engineering measures.

The analysis is done based on the information nbtathrough the review of the prior studies of the
related fields and similar projects, interviewshaibhe government agencies in charge, and the quick
review of possible environmental and social impactthe project on the areas around the longlisted
sites. The observation is to assess the possilpadnof the project and identify the sites withtéas
which indicate the possible necessity of furthadis according to the JICA Environmental and Socia
Consideration Guideline. Upon the decision of thaqrt sites and the decision on possible methbds o
landslide engineering measures thorough analydiseoenvironmental and social consideration of each
site is required.

11.2.2. Background and Conditions of the Studied Sites

The general conditions of the sites on the longbsted on sites-based analysis and other DOR tteques
sites are reviewed to estimate the required praesdor environmental and social consideration. The
following points are reviewed; land use and natwahditions, the existing houses and buildings,
cultivated areas and other facilities of econoneiivities, other buildings and objects in the proity

and other factors which may require the attentidre review is based on the observation of satellite
imagery and partial site visits by the JICA Surd@am and the sub-contractor.

Most studies sites are forest and the areas algagsr Some areas are in proximity to villages with
houses, other buildings, and cultivated areas.of$orests, the required procedures may be differen
depending on the site and the width of the areasuiting trees. Upon the confirmation of the sdes
the technical methods to be applied to each sigeestimate amount of the necessity of tree cutimty
the status of the site in the Forest Act shouldddirmed to decide the necessity of the procediares
environmental consideration.

As explained later in the chapter, the laws andlegipns as well as the relevant guidelines of Ndpa

not categorize the projects for slope engineeriegsures as those with requirements of environmental
consideration procedures. However, in case thegrrsjte is in the conservation areas, the projeai

be required the Environmental Impact Assessmemt)(Hlhe sites of conservation areas are shown in
the map below. Two sites on NH25 along the studites are in the conservation area: risk index
ranking .18, 19 and 31 on the list are in Annap@oaservation Area (séegure 11-3.The area where
these 3 sites are located and showRigure 11-13is indicated in a red-dotted square).
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11.2.3. Review of the Studied Sites

Table 11-5below shows the results of the review of the sulidiiges. All sites are reviewed on the
following points namely (i) houses and villagestlie neighboring areas, and (ii) existing cultivated
areas in the neighboring areas, and (iii) otharesgo be noted regarding environmental and social
considerations.

Table 11-5 Factors Relevant to Environmental and Swal Consideration in the Areas around the
studied Sites

NH Long-List Site Name Inventory Type of Conditions of the Surrounding Area Related to the
Code Ranking No. Geohazard Environmental and Social Consideration
NH44 1 Mauri Bridge L2 Flow Nq housg and cultivated areas observed in the

neighboring area.
. A residential area observed in the neighboring.area
3 Bh d L3 Coll
angad oflapse Another residential area also observed above tpesl
4 Namshi Khola 125 Collapse The cult.lvate.d areas observed on the slope neaitthe
and residential areas below the slope.
A cultivate area observed in the neighboring area.
6 Nyanse River L7 Collapse | Another cultivated area observed above the slofie wi
geohazard.
13 L6 Carriageway | A residential and cultivated areas observed abowe t
Collapse slope with geohazard.
A residential area observed in the neighboring.area
14 Kali Khola L24 Collapse | Another residential area below the slope with
geohazard.
. No residential and cultivated areas observed in the
15 Tuin khola L26 Collapse ) I . I v vedt
neighboring area.
17 Tuin Khola 123 Collapse No residential and cultivated areas observed in the

neighboring area.
No house and cultivated areas observed in the

Dobhan (Seti &

23 Trisuli) L1 Collapse neighboring area. Buildings and roads observedabo
the slope with geohazard.
Carriageway | No residential and cultivated areas observed in the
24 Dasdhunga L4 ageway . I . I itV vedt
Collapse neighboring area.
34 Gaighat L5 Flow Nq re5|d§nt|al and cultivated areas observed in the
neighboring area.

NH47 2 Jhumsa Idsl| SHO3 Collapse | A residential area observed in the neighboring.area
5 Hiyeude Khola SHO06 Flow A residential area observed in the neighboring.area
8 Near Dumre SH10 Collapse A cultivate area observed above the slope with

Bazar geohazard.
No house and cultivated areas observed in the
9 — SHO5 Collapse N L !

neighboring area.
5km down from Multiple houses observed in the neighboring aremé&

10 SH13 Collapse type of land use observed above the slope with
Bartung Bazar P P P

geohazard.
4.8km down Multiple houses observed in the neighboring areaé
11 from Bartung SH14 Collapse type of land use observed above the slope with
Bazar geohazard.

A residential and cultivated areas observed in the

12 Ramdi -1 SH18 Slide ) .
neighboring area.

Near Hiyeude

28 Khola SHO7 Collapse | A residential area observed in the neighboring.area
29 Near Charchare SHO9 Collapse Nq residgntial and cultivated areas observed in the
neighboring area.
30 Lower Dumre SH12 Collapse A residential and cul.tivated areas observed adhess
street of the slope with geohazard.
NHO3 20 Nayapool Flow, PBO3 Flow Nq re5|d§nt|al and cultivated areas observed in the
Kushma neighboring area.
Armadi 1 No residential and cultivated areas observed in the
21 Kushma ' PB0O4 Collapse neighboring area. A residential and cultivate area

observed above the slope with geohazard.
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NH Long-List Site Name Inventory Type of Conditions of the Surrounding Area Related to the
Code Ranking No. Geohazard Environmental and Social Consideration
29 Damdare khola, PB11 Flow A r'eS|der?t|aI and cultivated area observed in the
Kushuma neighboring area.
25 Naya.pool 4, PB36 Slide Nq re&dgntlal and cultivated areas observed in the
Kaski neighboring area.
26 EZZ;pOOl S PB37 Slide The site is located in the residential and culédadreas.
27 Pandung, Kaski PB38 Slide A cultivated area observed in the neighboring area.
32 Saharshadhara PB02 Collapse A residential area observed in the neighboring.area
2, Kushhma
33 Paradi Slide, PB21 Collapse Bylldlngs observed in the neighboring area ofdlope
Kushma with geohazard.
179 Khotang HK#S Collapse Nq residgntial and cultivated areas observed in the
neighboring area.
182 . HK# 10 Collapse Nq re5|d§nt|al and cultivated areas observed in the
neighboring area.
183 _ HK# 13 Collapse Nq re5|d§nt|al and cultivated areas observed in the
neighboring area.
201 HK#15a Collapse Nq re&dgntlal and cultivated areas observed in the
neighboring area.
NH25 16 i L21 Collapse Nq re&dgntlal and cultivated areas observed in the
neighboring area.
Located in the conservation area: EIA is mandatory.
18 — L12 Collapse No residential and cultivated areas observed in the
neighboring area.
Located in the conservation area: EIA is mandatory.
19 — L20 Collapse No residential and cultivated areas observed in the
neighboring area.
Located in the conservation area: EIA is mandatory.
31 — L19 Collapse No residential and cultivated areas observed in the
neighboring area.
NH37 62 _ K5 Collapse Nq re5|d§nt|al and cultivated areas observed in the
neighboring area.
63 _ K7 Slide Nq re&dgntlal and cultivated areas observed in the
neighboring area.
68 i K9 Slide Nq re&dgntlal and cultivated areas observed in the
neighboring area.
73 — K8 Residential and cultivated areas observed in the
neighboring area.
84 — K3 Residential and cultivated areas observed in the
neighboring area.
85 — Ka Residential and cultivated areas observed in the
neighboring area.
119 — K6 Residential and cultivated areas observed in the

neighboring area.

Source: JICA Survey Team

Note: Yellow-hutched sites are observed as requiaitentions regarding environmental and sociasictamation depending

on the protection methods and size of the construgtorks. Two sites located in Annapurna Conseoviefirea are bolded.

11.2.4.Institutional and Legal Framework of Environmental and Social Consideration Policies

(1)

Environmental Protection Act 2076 (2019 A.D) (EPA2Pwas originally enacted in 1997 and revised
in 2019. The Environmental Protection Rules 207@2@®, (EPR 2020) are the regulations for
implementing the EPA 2019, which were also revisezD20 in line with the stipulations of EPA 2019.
The revised EPA in 2019 introduced the Brief Envinental Study (BES) as the more simplified

and Laws and Regulations of Nepal

Environmental Protection Act 2076 (2019) Environmental Protection Rules 2077 (2020)
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process than the Initial Environmental Examinafi®E). EPR was also revised in 2022 and necessary
rules on the implementation of BES was added.

Slope protection projects are not listed in theegaties mandated for environmental consideration
processes in EPR2020. However, the process igeejiit is implemented in the following conditisn
namely (i) if the project uses more than certaidtiwviof the land in the forests, forest reserved, an
Environmental Conservation Area, or (ii)if the @djis to be implemented in the wildlife reservidse
criteria of environmental consideration processesaa shown iffable 11-6.

Table 11-6 Criteria and the Required EnvironmentalConsideration Processes

Criteria Reference in EPR2020
BES | Use upto 1 ha of land in forest, forest cors@wn area, Annex 1
Environmental Protection Area, and the buffer zdoe®sther use.
IEE Use more than 1 ha up to 5 ha of land in fofesést conservation Annex 2
area, Environmental Protection Area, and the bufferes for other
use.
EIA Use more than 5 ha of land in forest, forestssvation area, Annex 3

Environmental Protection Area, and the buffer zdoesther use.

Implemented in the National Parks, Wildlife Ressnand Hunting
Reserve Areas.

Source: JICA Survey Team Based on EPR2020
Note: Environmental Conservation Area is mentioimePR, but there has not been designated accomiD@R.

In case the project needs to cut down trees outdidRoW, it is required to take necessary measures
stated in the Forests Act.

It should be noted that EPA were under the prooéssother amendment to change the approving
entity for EIA to the Department of Environmentta¢ time of the Survé

(2) Public Road Act 2031(1974)

The Public Road Act 2031(1974) includes various/isions related to the slope protection projects.
Section 3 of the act prohibits the constructiorpefmanent structures within the distance prescribed
therein for different roads. The act empowers GOMdquire the lands or other property for public
roads after compensating the owners of the lapdaperty (Section 4). The act also stipulatesEf@R

has the power of acquiring land temporally for poeposes such as establishing construction material
depots, supervisors’ offices and residence, andudebutes with the compensation following the
designated procedures (Section 14 and 15). Thebdiges DOR to plant trees along both sides of the
road (Section 16). The act also endorses DOR’sspa@fvacquiring quarries and borrowing pits and
other facilities during the construction with reaable compensation (Section 17). Section 27 also
provides the authority of DOR to decide the amadfimbmpensation. The section also has the provision
on the petition against the decided compensatiaase of disagreement.

(3) Forest Act 2076 (2019)

Forest Act 2076(2019) provides regulatory framewamkmanagement and utilization of forest in the
country comprising Government managed forestsstarenservation areas, community forest, leased
forest, and religious forest and the protectionatiiral resources, both flora and fauna, in thesests.

In case there are no alternative areas, the astsalhe implementation of national priority progat
forest area by applying the methods with limitegp@uts on the environment. In such case, tree planti
IS instructed to the extent possible in the arew ti@e project adjoining to the national forest #mel
same geographical and ecological belt with thegaiggite (Section 42).

25 Based on the interview with GESU.
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(4) National Parks and Wildlife Conservation Act 2029 {973)

National Parks and Wildlife Conservation Act 202973) provides the rules on conservation areas
such as national parks and wildlife conservati@asy protection, and handlings of wildlife and 80 o
The conservation areas defined and regulated bgdhare shown iable 11-7

Table 11-7 Definition of the Conservation Areas ilNepal
Conservation Area Definition

National Park An area set aside for the consematio
management and utilization of flora, fauna angd
scenery along with the natural environn
Wildlife Reserve An area set aside for the cong@mand
management of wildlife resources and their
habitat:
Hunting Reserve An area set aside for the manageohevildlife
for allowing huniers to hunt the|
Conservation Area| An area to be managed accordiag t
integrated plan for the conservation of natural
environment and balanced utilization of natural
resource
Source: National Parks and Wildlife Conservation 2@29 (1973)

The act has the provisions on national parks, ceatien areas and the buffer zones located in the
fringe areas of conservation areas which allowsuieeby communities etc. The areas and boundary of
the conservation areas and buffer zones are nibtifiethe Nepal Gazette. The Schedule 1 of the act
also provide the list of the mammal, reptile, aird Bpecies which need to be preserved.

(5) Land Acquisition Act 2034 (1977)

Land Acquisition Act 2034(1977) provides the prasex$ on land acquisition and compensation for
public works. The act stipulates the compensatidet done in cash basis in principle and the amount
shall be decided by the Compensation Fixation Catem{Section 13). In case a whole land of a person
is acquired, the person may be entitled to claencbmpensation for the land (Section 14).

(6) Environmental and Social Considerations of the RoadGector and the Relevant Laws and
Regulations

“Environmental Assessment in the Road Sector ofaNegeveloped in 2000 by DOR comprises basic
explanation, ways to apply EIA matched with theuratof the road sector projects, actual procedures,
issues to be fulfilled, and checklists. Moreover eaplained in the later part, the Environmental an
Social Management Framework (ESMF) was develope2Div. ESMF compiled the procedures on
environmental and social consideration for the reactor projects. The first edition was published i
2007 with the support of the WB. ESMF encompadsestules and instructions in order to fulfill the
requirement of the project financed by internatidmeancial institutions such as the WB and ADB by
supplementing the provisions in the domestic lamg r@gulations. The contents include basic matters
and premises of environmental and social conside&st comparison and the gap analysis between
domestic laws and regulations and donors’ polipessedures on reviews and studies (screening, IEE,
EIA, Social Impact Assessment (SIA), land acqusi@nd resettlement action plan (RAP)), evaluation,
alternatives, and the process and procedures foitonimg. The latest version of EMSF at the time of
this Survey was the revised edition in 2013: DORs wevising the contents in accordance with
EPA2019/EPR2020.

11.2.5. Comparison between JICA Guidelines for Environmenthand Social Considerations and
Nepal’'s Domestic Laws and Institutions

This Survey assumes that the slope protection giojeviewed under the Survey should pursue the
implementation with the support of JICA where th€Al Guidelines for Environmental and Social
Considerations (January 2022, hereinafter refdoed “the JICA Guidelines”) are to be applied.

The Guidelines sets out the basic principles asvhel
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While project proponents bear the ultimate respoitisi for the environmental and social
considerations of project, JICA supports and regweappropriate environmental and social
considerations undertaken by the project proponeriés is to avoid or to minimize impacts on the
environment and local communities caused by dew&op projects, and to prevent the occurrence of
unacceptable adverse impacts. JICA thus promotaisable development in developing countries.

(1) Environmental and social considerations

Table 11-8shows the results of the review of the JICA Guitkdiand the laws and regulations of Nepal
on differences and gaps of basic principles andccgmores regarding environmental and social
consideration. No major differences and gaps wiseiwved. However, EPA an ESMF are in the process
of revising at the time of this Survey as mentioinedhe previous section. Therefore, the thorough
review of the updated situation of the laws andul@pns of Nepal should be done upon the
confirmation of the details of the projects in theure.

Table 11-8 Comparison between the JICA Guidelinesral Laws and Regulations of Nepal on
Environmental and Social Considerations

Item

JICA Guidelines

Laws and Regulations of
Nepal

Gaps & Items for
measuring

Sectors for
review and
categorization

The sensitive sectors,
characteristics and areas are
listed in Appendix 3. The
sectors listed are those fallen
under Category A or B.
Category A projects are
required the submission of EIA
report, while Category B
projects are required the surve
based on the narrower scope
and areas based on the
information provided by the
government of the proponent
country (IEE level).

The sensitive sectors listed in
Appendix 3 includes “(8) Road
railways and bridges”.
Sensitive characteristics
includes(1) Large-scale
involuntary resettlement, (4)
Large-scale logging. Sensitive
areas include (1) National park
and nationally designated
protected aree

Slope protection projects
are not mandated to
undertake procedures of
environmental
considerations. However,

\ conservation areas require

BES, IEE or EIA as per
vinstructed in EPR2020.

S

the projects implemented in analysis again upon the

The required measures ar
the same in documents of
both sides.

It is necessary to conduct

decision on the project sitd
with clearer plans on
engineering measures for
slope stabilization and the
size of the construction.

1%

Basic Environmental and social EPA 2019 states that the | No significant gaps.
principles considerations must be proposed project shall not | As for mitigation measures,
implemented from an early be allowed to be ESMF provides some
stage of the project planning | implemented unless the instruction for the road
until monitoring stage. environmental study report| sector projects comprising
Environmental and social prescribed by the same law avoidance, rectification and
considerations is reviewed in | is submitted. EPA 2019 alsp abatement, and
accordance with the mitigation mandates an environmental compensation. If the needs
hierarchy (avoidance of management plan (EMP) t¢ arise, necessary measures
environmental impact, be in place prior to the should be taken in
minimization, reduction, commencement of the accordance with the JICA
mitigation of impact@nd project. Guidelines.
compensatioiif not
avoidable.
Impact to be | Air, water, soil, wastes, EPR2020 lists the impacts | No major gap is observed,
assessed and | accidents, water use, climate | to be reported in IEE as It is necessary to conduct
the scop change, biodiversity, ar biological impacts ol thorough analysis upon tl
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Item JICA Guidelines Laws and Regulations of Gaps & Items for
Nepal measuring
ecosystem services, including| people and flora and fauna, decision on the project site
transboundary or global scale| physical impact such as with clearer plans on
impacts. those on the land, Engineering measures for
Impacts include environmental atmosphere, water, noise, | slope stabilization and the
and social impacts such as and man-made objects and size of the construction .
involuntary resettlements, those on human health and (Note: Reviews regarding
migration of population and social, economic, and involuntary resettlement
local economy. cultural spheres. and gender are to be
ESMF instructs to include | explained in the next
socio-economic impact section.)
analysis in an
environmental and social
consideration report. ESMKE
also explains the procedures
of the analysi.
Information JICA proactively encourage theRule 7 of EPR2020 explainsNo major gap is observed,

disclosure and
accountability

project proponents to disclose
and present information about

environmental and social

considerations of their projects

to local stakeholdel

the information disclosure
to local stakeholders, EIA
scoping, and other reports.

Participation

of

stakeholders

In principle, the project

proponents take initiatives to
consult with local stakeholders

to a reasonable extent.

ESMF confirms
participation of local

The JICA Guidelines
define the procedures to

stakeholders is an importaptensure the meaningful

factor. The proposed
procedures encourage
communication at the time
of IEE and EIA prior to the
project.

participation of the local
stakeholders.

If the needs arise,
necessary measures shou
be taken in accordance
with the JICA Guideline

Id

)

ES

Monitoring The Guidelines instruct EPA2019 states that the No major gaps observed.
that "during the project Environmental Inspector of ESMF covers most of the
implementation, project the alternate is mandated tp JICA Guidelines
proponents monitor whether | conduct monitoring based | requirement.
any unforeseeable situations| on the EIA report. However, as the grievance
occur, and the performance and , redress mechanism is not
effectiveness of the planned | ESMF mentions well covered in the existing
mitigation measures. Project devglopment of rules and regulations in
proponents take appropriate Environmental Nepal except ESMF
measures based on the results Mangggment Plan (EMP), covering the issue of
of such monitoring.” It further monitoring pro_cedu_res resettlement. It may be
instructs the information across t_he project life and necessary to take measur
disclosure of monitoring results monitoring §pecn‘_m o the | in accordance with the
to the local stakeholders and | Social considerations. principles of JICA
the necessity of building Guidelines upon the
consensus on problem implementation of the
resolution in case the third project.
parties point out the
insufficiency of environmental
and social considerations.

Grievance The Guidelines states “A There is no rules and ESMF fulfills the

redress mechanism for handling regulations handling the requirements for

mechanism concerns and grievances from grievance redress resettlement. It is still

people and communities
affected by the project’s
environmental and social
impact must be in place

mechanism. ESMF provide
instructions on consultatior
and grievance mechanism

up the necessary
mechanism to cover other

in the part of the

snecessary to request setting

areas in accordance wi
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Item

JICA Guidelines

Laws and Regulations of

Nepal

Gaps & Items for
measuring

resettlement policy
framework.

t

Guidelines upon the
implementation of the
project

he principles of JICA

Source: JICA Survey Team Based on the JICA GuidefmeEnvironmental and Social Considerations (Jan@822) and
Relevant Laws and Regulations of Nepal.

(2)

Table 11-9shows the results on the review of the JICA Guidgkdiand the laws and regulations of
Nepal on differences and gaps of basic principled procedures regarding land acquisition and
resettlement. The Environmental and Social Starsdar(ESS5) of the WB were also reviewed as the

Land Acquisition and Resettlement

JICA Guidelines also refer to the ESS5 on the isfuand acquisition and resettlemerithe major

points are observed to be covered by ESMF. How#verevised ESMF shall be reviewed and checked

upon the decision of project implementation.

Table 11-9 Comparison between the JICA Guidelinesral Laws and Regulations of Nepal on
Land Acquisition and Resettlement

Item

JICA Guidelines

Laws and Regulations
of Nepal

Gaps & Items for
measuring

Basic principle

The Guidelines mentions the
necessity of taking effective
measures to minimize impacts
and to compensate for losses up
agreement with the affected
people in case of unavoidable
involuntary resettlement and los
of means of livelihood.

b

ESMF has the similar
principle.

on

No major gaps observed
in ESMF

Eligibility of
compensation and
measures

The Guidelines states that
“Project affected people, such as
people to be resettled
involuntarily and/or people who
may lose their livelihoods by the
project, must be provided
sufficient compensations and
supports by the project
proponents in a timely manner”.
The Guidelines further defines
that compensation should be at
least for restoring the living
standards, income opportunities
and production levels to the pre-
project levels. It also states that
the measures may include
providing land or monetary
compensations for losses of lang
or assets, supporting for
alternative sustainable
livelihoods, supporting for
expenses necessary for
relocations and supporting for re|
establishment of communities at
resettlement sites.

|

ESMF endorses the

5 rights of project affecteq

people to receive
various compensation t
restore their level of
livelihood to the pre-
project time.

ESMF encompasses the
| measures to match with
the requirements by
odevelopment partners’
policy such as the policy
of the WB after the gap
analysis of the domestic
rules and regulations.

Compensation
standards

The Guidelines states that
compensation standards should

disclosed and consistently

ESMF explains that the

beroject affected persons

are eligible for various

No major gap observed,
5 but the pre-decided

compensation may
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applied. The Guideline also
provides the following principles
namely: the project affected
persons need to be aware of the
standardsthe compensation
contents should be agreed and
explained in writingand the
contents should be also availabl
for confirmation by the projected
affected persons anytime.

compensations to
recover their livelihood
to the level before the
project implementation.

D

require some adjustmen
based on the actual
situation.

t

Resettlement
Action Plan
(RAP)

A resettlement action plan shall

be developed in advance in case preparation of RAP.

of large-scale involuntary
resettlement is unavoidable.

ESMF covers

ESMF fulfills
requirements.

Participation of
the project

affected people
and community

“Appropriate participation of
project affected people and their|
communities must be promoted
planning, implementation, and
monitoring of measures against
involuntary resettlement and los
of livelihood”.

ESMF includes the part
explaining the
napproaches and
measures to ensure the
participation of the
5 project affected people,
community and local
stakeholders.

SESMF fulfills
requirements.

Confirmation of
affected
population

In order to confirm the number o
project affected persons, land ar
assets in advance, World Bank,
ESS5 maintains the necessity of
the early stage baseline surveys
including population census, lan
and asset inventory surveys, an
socio-economic analysis of the
project implemented areas. ESS
also states that he information o
the cut-off date shall be well
documented and will be
disseminated through the projec
areas.

f ESMF set the cut-off
ddate as the time of the
population census.

i

o1

t

No significant issues to
be noted, but it is
necessary to check the
previous examples for
confirmation.

Support in the
transition period
between
displacement and
livelihood
restoration

The needs of support during the
transition period are mentioned.

No rules and regulation
in Nepal handle this
matter.

sWhen needs arise,

examining and taking
necessary measures mg
be requested.

Considerations on
vulnerable social
groups

Need of particular attention on
vulnerable social groups are
stressed. Vulnerable social grou
includes women, children, elderl
people, people in poverty,
indigenous people, persons with
disabilities, refugees, internally
displaced persons, and minoritie

ESMF clarifies the
entitled rights including
p vulnerable groups.

y

ESMF fulfills the
requirements.

Source: JICA Survey Team
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11.2.6. Relevant Organizations to Environmental and SociaConsideration of the Road Sector
(1) Ministry of Physical Infrastructure and Transport ( MOPIT)

MOPIT is the higher authority of the project implemtation organization such as DOR. It carries the
responsibility of compliance with the laws and regjons in the areas of environmental and social
considerations and approves BES and IEE.

(2) Department of Roads (DOR)

DOR is the organization which can be an implementirganization of the projects for slope protection
reviewed under this Survey. It is responsible farfomation on the issues on environmental andatoci
considerations, conducting the surveys, develogpgrts, and obtaining approvals.

(3) Geo-Environment and Social Unit (GESU)

The unit supervises the surveys and proceduremnfogronmental and social considerations in DOR for
the implementation of Strategic Road Network (SRM)gram. The tasks carried out by GESU are as
listed below:

Develop of guidelines for internal use in DOR

Participate in the screening for the project forclDOR is to be the proponent.
Develop IEE and EIA reports

Review F/S reports regarding the alternative artégation measures, and adoption of
technologies with environmental considerations. @iterthe review results.

GESU is also in charge of developing EMAPs, RABsdticting monitoring activities, collaboration
with other organizations, and environmental andes@udit after project completion.

(4) Ministry of Forest and Environment (MOFE)

MOFE is in charge of implementation and enforcenwdrthe law and regulations for environmental
protection by EPA/EPR which endorse the power auntthasity of MOFE for policy formulation,
implementation and approval of environmental comisitions studies and procedures. The following
tasks are performed by MOFE:

Approve EIA scoping, TOR, and the report
Confirm the implementation of EMP
Conduct environmental and social audit after thoggat implementation

(5) Department of Forest and Soil Conservation

The Department of Forest and Soil Conservatiomeaf the departments under MOFE. In case there
IS a need of cutting trees or the project withdbdain size is to be implemented in a forest ates,
necessary to consult with the department. Treénguig obliged to acquire a prior permission frdm t
department.
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Chapter 12. Proposed Equipment List and Procurement Process for
Elimination of Road Obstacles after Geohazards Evds/Construction

12.1. Equipment Provision Record from Japan in Recent Yea

After the flooding caused by heavy rains in Aug2t7, the Japanese Government provided geohazard
risk reduction and recovery equipment manufactureldpan to Nepal under the Economic and Social
Development Program, a grant aid of 700 million.yEme equipment provided was as follows.

« Soil Compactor: 5 units

e Asphalt roller: 4 units

 Static pneumatic tired roller: 4 units
* Vibration roller: 5 units

12.2. Procurement of Equipment

Major construction equipment is not manufactureN@pal and imported from abroad. The sources of
imports depend on the type of equipment, but ladid China are the most common. Some of the
equipment is procured from South Korea and Japajomrands and distributors of heavy equipment
in Nepal are listed in th€able 12-1

Table 12-1 Main Manufactures and Distributor of Corstruction Equipment
Manufactures

; Distributor Site
of Equipment
JCB MAW Earthmovers Pvt. Ltd Lalitpur
Komatsu Continental Traders Pvt. Ltd Kathmandu
Hyundai Construction Solutions Pvt, Ltd Kathmandu
Doosan Infrastructure leasing Services Kathmandu
Kobelco Pooja Construction Pvt. Ltd Kathmandu

United Heavy Equipment and
XCMG Earthmovers Pvt. Ltd Kathmandu

Volvo Explore Earthmovers Pvt. Ltd Lalitpur

Source: Mechanical Branch of DOR

As most construction equipment is not manufacturédiepal and imported from abroad, it is expected
to be procured from India or Japan. In case ofspartation from Japan, the shipment by RORO or
containers can be arranged through the containmpany of Inland Depot in Birgunj, Nepal, and
transported by sea from Japan to Kolkata PortdialrCargo is transported by trailer truck from kaih
port to Kathmandu. Cargo that can fit into contesr@an be transported by railway to Birgunj andhthe
by trailer to Kathmandu. Cargo from India is tramded by trailer truck.

12.3. Required Time for Procurement and Shipment

In case of shipment from Japan, it estimated te 2k to 40 days for the consignment to arrive at
Kolkata port and further 5 days to Kathmandu bydrexcept the time for custom clearance and
administrative process at the border point.

12.4. List of Equipment Required by DOR

Based on interviews with HED of DOR in August 2028 need for heavy equipment was confirmed.
Table 12-2summarizes the approximate costs and procuremaditmms for the candidate equipment
based on interviews with Japanese trading compangsnanufacturers.
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Table 12-2 List of Equipment Required by DOR

No. | Equipment

1 Backhoe Loader

Wheel Loader

Mini Excavator

Transport Truck

Motor Grader

a|lbsr|lw]lN

6 Soil Compactor

Source: JICA Survey Team

12.5. Maintenance Support of Equipment

Due to the increased demand for mobilization of/gemuipment related to increased geohazards events
priority is to maintain the heavy equipment to effeely utilized over the long term. Further
strengthening of human resources and technologyetto equipment maintenance is required. DOR
have a training center for heavy equipment thatiges training for its technical staff, and thewéaa
certain level of maintenance skills. However, supamd technical assistance by manufacturers for
specific equipment maintenance is considered niteetve.

In the interviews with Japanese manufacturerss itdnfirmed that, in addition to the provision of
equipment, there are also examples of provisidra@iing component for maintenance by local agents
to staff in the opportunity of equipment provisitmaddition, after-sales services such as repaipart

for equipment by experienced and qualified persbamg quality guarantees for 1,000 hours of
equipment parts are also considered effective.
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Chapter 13. Workshops for Awareness Building of Road LandsliddRisk
Reduction

The workshops were held with the participants fio®@R and other relevant stakeholders in order to
share the progress and the results of the Surveyoaraise the understanding of the stakeholders on
pre-disaster investment, Build Back Better, andrtbeessity of landslide risk reduction. The ousiine
of three workshops are as summarized as belowd&tals of the presentation and discussion are as
recorded in the reports in Annex.

13.1. First Workshop

The outline and the contents of the First Workslomas summarized ifable 13-1. After the
presentations of JICA Survey Team and DOR, questmid answers session and discussion were held.
Some questions and opinions raised by the partitsre also listed in the table below.

Table 13-1 Outline of the First Workshop

Date and Tim 9 June 2023 13:(-16:30
Venue DOR Conference Roc
Participants - Relevant officials from DOR DWRI, MOPIT, RBN

Officials of JICA HQs and the Nepal Office
JICA Survey Team members
(Total: 45 participant:
Program After the presentations listed below, tiseussion was held on landslide
Engmeermg measures, the process of the Survepthed issues.
Presentation: Road landslide risks in Nepal
Pre-disaster investment and Build Back Better
Sharing the experience of road landslide risk redac¢hrough the case of
the construction cSindhuli Roac

Questions and Answers | - A participant asked JICA Survey Team how to incoap® the impact of the
Opinions climate change in the risk analysis. There was asquestion from a
participant to DOR about the plans and considanatio the climate change

adoption measures.

Other participant expressed his opinion on the s&te of disaster risk
reduction plans taking intaccount of the impact of the climate change.
Some patrticipants asked JICA Survey Team the tgpekta used for th
Survey and the way to handle the data on humaiokfe JICA Survey Tearn
responded according to their Survey g

A1%

=)

Source: JICA Survey Team
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13.2. Second Workshop

The outline and the contents of the Second Workshi@s summarized in theable 13-2 After the
presentations of JICA Headquarters, JICA SurveynwTaad DWRI, questions and answers session and
discussion were held. Some questions and opin@ised by the participants are also listed able
13-2

Table 13-2 Outline of the Second Workshop

Date and Time 4 August 2023 13:0816:30
Venue DOR Conference Roc
Participants - Relevant officials from DOR DWRI. MOPIT. RBN, NDRRMA

Officials of JICA HQs and the Nepal Office
JICA Survey Team members

(Total: 34 participant:

Program After the presentations listed below, thestjons-and-answers on the disaster

risk assessment and the economic analysis, ardigtssion on the longlist of

the project sites as well as the significance efftte-disaster investment were
held.

Presentation:

. Methodology of landslide disaster risk assessnibatprocess of
developing the longlist of the engineering meassites and the progress of
the Survey
The explanation of JICA Global Agenda and the cphoé pre-disaster
investment and Build Back Better
The explanation on landslide engineering measures
DWRI's road geohazard rismanagement arclimate change adaptati

Questions and Answers | - Regarding the disaster risk analysis, some paatntipexpressed the opiniops

Opinions on the appropriate level of safety applied to ibk analysis and importange

of including the aspects of economic developmelities.

A participant expressed the opinion on the demefitthe pre-disaster

investment as the high initial cost. However, timpartance of evaluating

projects from the aspect of life-cycle cost wae alsinted out.

On the other hand, another participant expressedpmion that the prope

costanalysis may not be easy due tocomplexnature of thegrounc.

=

Source: JICA Survey Team
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13.3. Third Workshop

The outline and the contents of the Third Workstmmp summarized iTable 13-3 After the
presentations of JICA Survey Team, questions astvars session and discussion were held. Some
questions and opinions raised by the participatakso listed iMable 13-3below.

Table 13-3 Outline of the Third Workshop

Date and Time | 7 February 2024 10:3014 : 30

Venue DOR Conference Roa

Participants

(Total: 50 participant:

Relevant officials from DOR DWRI. MOPIT. RBN, NDRRMA

Officials of JICA HQs and the Nepal Office
JICA Survey Team members

Program After the presentations listed below, thestjons-and-answers and discuss

Presentations:

on the disaster risk assessment and the methdwe @cobnomic
analysis were held.

Risk assessment and prioritization

Engineering measures methods selection by the thazate and types
of landslides

Environmental and social consideration and Nephdimestic laws and
regulation and JIC,Guideline:

Questions and
Answers
Opinions

A participant asked the consideration of life cyotests in the economic
analysis. He also expressed his opinion that logt-o®asures such as
bioengineering should be applied considering thgel@ost incurred by
slope protection. The JICA Survey Team respondatittie economic

cost evaluation applied for a 30-year evaluatiamoge The JICA Survey
Team also explained that the bio-engineering metishauld be applied

along with other hard measures based on the sje'sific requirements|

”A participants suggested that” the assessmenttehfial damage loss

should also include loss of human capital.

DOR introduced their initiative of a bridge managemsystem and in
the process of implementing comprehensive managesgstems for
slopes using the mobile application.

Both DOR and DWRI officials emphasized the potdragvantage of

collaborating with other agenc for slopeprotectior.

Source: JICA Survey Team

on
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Chapter 14. Conclusion, Issues and Recommendations

14.1. Conclusion and Issues

14.1.1. Hypothesis and Verification related to Evalation Method
(1) Significance of Cost-benefit Analysis of Road Geolkard Risk Reduction as a Public Works

Cost-benefit analysis of road investment is commadrformed internationally. The benefit items
commonly used are "benefits of reduced travel tirttegnefits of reduced travel costs," and "benefits
of reduced traffic accidents."

Cost-benefit analyses of road geohazards risk tEnuinivestments are generally not performed. Road
supervisors determine the target safety levelsif sites and calculate engineering measures costs b
do not estimate risk reduction benefits. To caleuthe risk reduction benefit, first, calculate thsk as

the annual potential damage amount by multiplying potential damage amount before and after
countermeasures and the damage probability, armd ébtmate the difference between the annual
potential damage amount before and after the couetesure as risk reduction benefit = annual damage
reduction benefit. This calculation method is werittin the Road Geohazard Risk Management
Handbook of WB-GFDRR 2020, but it is not generathplemented because it is complicated and
involves many assumptions. This survey was limieedhe extent that it could be estimated. Road
managers generally evaluate road geohazard rislctied projects by identifying sites that require
countermeasures and the number of risk sites aing tise number of risk sites where engineering
measures have been completed as an output indiG&ippose the validity of road geohazards risk
reduction investment is shown as an outcome ofloasefit indicators. In that case, the explaingpili

of the project's validity will be improved, andiitll be possible to understand financial decisioakers
who place importance on the internal rate of ref@RR). This is considered a driving force for
investment in road disaster risk reduction. Fos ti@ason, the estimation is considered to be highly
significant.

(2) Issues with the method of route-based risk assessm@pplied to the Survey

This time, we first selected nine target NH roufEsese are (i) sections that include sites whead ro
landslide events have frequently occurred in regeats, (ii) road sections that include sites @R
deems necessary for road landslide risk manageiuahijii) Sections that other development partners
do not support. This method is consistent witha(il (ii) in Chapter 2: Selection of inspection &rg
sections (first narrowing down) of Japan's ~"Roasbliazards Risk Reduction Inspection Guidelines
2006 Editiod®'. The Japanese proposal emphasized selectingseatidns with a high traffic volume
of large freight vehicles as important routes fagistics under current conditions. Still, the syrve
respected (ii) road sections that include sites @R deems necessary for road landslide risk
management. Therefore, NHO3, NH25, and NH37, whiate relatively low traffic volumes, were
included as the target NHs.

For the target NHs, the route-based assessmentliiplying the three scores of (a) the hazard lefel
the route (density of hazardous sites, presencabsence of human loss history), the importance
(consequence level) of (b) DOR priority, and (cpplation density by the route. The main limitations
and challenges of this selection method are:

» The accuracy of road closure landslide histooprds for evaluating route-based assessment is low,
and there is no record of personal loss historychvheeds to be extracted from past news reports.

* DOR priorities lack objectivity of priority reass.

» Population density by route indicates the netgsdia road as a community road, but it is not an
indicator of the importance of a wide-area logistioute.

26 https://www.zenchiren.or.jp/geocenter/lec-roadadguaideline. pdf
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(3) Issues with the method of economic risk assessménit individual sites applied to the Survey

The following two documents were used as referefmethis survey's cost-effectiveness analysis of
road geohazard risk reduction investment.

¢ Public Works Research Institute Material No. 39R®4ad slope disaster risk analysis and
management support manual (dréaft)”

«  The World Bank, Global Facility for Disaster Redantand Recovery (GFDRR) 2020 Road
Geohazard Risk Management Handbook, Operation Mani@@M1) Economic Risk Estimation
and Cost-Benefit Analysis (The limitations and esof the cost-effectiveness analysis method
applied to the Survey are as listed as follows:

* The items for evaluating benefits are the measenadald restoration costs and the benefit of
reducing road closure losses. The items which iffieudt to quantify for various reasons cannot
be included. The examples of cost items which redog were not included into the benefit were
the following; human life losses, vehicle lossesying costs of heavy equipment/damage to
machinery, and fixed costs for recovery workerggpenel costs and other expenses). The
benefits of mitigating losses to roadside assetsdents, and infrastructure are not included.

« DOR's deployment of heavy equipment and persoresal landslide risk sites can reduce road
closures to several hours, significantly reduchmyéconomic losses borne by road closures in
many cases. For this reason, the benefits of stralaheasures were minor according to the
calculation method applied to the Survey. Therefibngas found that there were many cases in
which the investment in structural measures wasustifiable.

*  For the road landslide risk assessment, DOR disslosly the damage history data dated after
April 14, 2021; some records do not contain congplletormation. The accuracy of the Survey
has to be compromised because the damage histsrgwatuated based on interviews with the
DROs and traces of collapse ruins from satellitages.

* Road landslide risk assessments do not considénd¢heasing frequency and augmenting scale of
disasters due to increased rainfall intensity cdibgeclimate change.

14.1.2 Analysis of DOR’s Capability and the System for Coducting Risk Assessment

DOR's initial landslide risk assessment methodased on DOR's road geohazard risk management
guidelines, "Roadside Geotechnical Problems: A tiac Guide to Their Solution, June
2007(https://dor.gov.np/uploads/publication/puldima_1472792371. pdf)”. In this guide, DROs are to
prepare the inspection sheets of Site DefinitidBpe Problems, Erosion Problems, Pavement
Problems, and Structural Problems. The purposehisf ihspection sheet is to record the DROs’
recognition of roadside geotechnical problems aedisions on how to deal with them. If it is
determined that it is difficult for a DRO to dealtkwthem, a request will be sent to GESU for
investigation and designing of the engineering mess

However, since the guide was established in 2@®as not been used in practice, and most DRO staff
members are unaware of its existence.

GESU, which developed the guide, aims to prometase by developing and introducing the data input
of site definitions, slope problems, and erosiarbfgm sheets from smartphones and computers. They
plan to build applications for pavement problemd stnuctural problems sheets in the future. However
the application does not have the function of digig and storing plans and cross-sectional views.
Additionally, GESU recognizes that the data prefjanawill first require the training of DRO staff
members. Still, the budget has not been secureldhane is no timetable for data preparation tarbeg

Due to the above-mentioned situation, althoughsystem has been developed, there are still the
problems of the capacity and organizational devekut and securing budget to conduct the risk
assessment as well as the appropriate system iopesati management.

27 (https://thesis.pwri.go.jp/public_detail/100503/)
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GESU orders survey and design work at the reqie3R@®. At the workshops held under this Survey,
the opinion was expressed that the safety meaatithe safety level of 100-years damage probability
are an excessive investment and that the firstistieppromote the application of low-cost engiinmagr
measures such as bioengineering. It is necessdrgrisfer the risk assessment technique to develop
roads with higher safety levels while taking ecommefficiency into account simultaneously.

14.2. Recommendations

14.2.1. Assessment Methods with Validation and Issues to l&onsidered for Data Collection

It is felt that the frequency and extent of roadlggzards caused by climate change have increased in
recent years. For this reason, in road geohazskdssessments to be conducted by DOR in future, it
is recommended that the frequency and extent diagods the increase coefficient over the next 30
years by 1.1, considering the latest three-yedofyiof geohazard events obtained from 2021 and the
remaining risks at the site (Nepal's bridge degigidelines already stipulate that the 1.1 timegdar
amount of rainfall runoff with a 100-year probatyilshould be applied considering the climate change

Regarding the benefit of reducing restoration ¢dabts Survey used the restoration cost per tinfalbof
road closure based on the information collectedhtrviews with DROs. As the improvement upon
the analysis of restoration costs in the futuris, mecessary to include equipment maintenancs eosk
delivery costs related to the deployment of heayyipgnent and personnel near geohazards risk sites,
as well as costs related to annual training ofteelgpersonnel. Furthermore, it is recommended that
those restoration costs calculated above shoulasbd as annual benefits incurred through reducing
those costs in the 30-year evaluation period irctds benefit analysis.

As for the benefit, the reduction in the damagagseets, residents’ casualty loss, access to wadgla
schools and medical services, and damage to physiastructure along the route should be included

In connection with geohazard risk reduction measwed restoration, if there are bottlenecks or
unpaved roads in areas where geohazards eventeffithgoccur, improvement and restoration projects
will be carried out to secure road lanes along wetoration. The reduced driving time and costk wi
be recorded as the benefits because of the imprentem

Among the road geohazard engineering measurescggdjaanced by DOR’s budget, the structural
measures should be actively promoted by priorijzirose against the disasters with a higher prétyabi

of human life loss, such as rock failures, rockfadind flow. Economic efficiency should not be dhéy
factor determining the adequacy of implementingime®gying measures against these critical hazards.
The method of prioritization and the financing gystshould be developed to serve such needs of
engineering measures in the future.

14.2.2. Positioning DOR’s Priority Routes of NH37
(1) Current Status of NH37

According to the information provided by DOR in &&pber 2023, the 79km route (Hetauda —
Tikabhairab) is to be widened to 2 lanes (7m-widitnj asphalted. The work is being implemented with
a multi-year budget (FY2023-2025) of 680 million 8lRnd more than 98% of the planned section will
be completed by the middle of July 2025. Howevke, Engineering measures on the slopes with
landslide risks, including 6 large-scale collap@ead length: 1478m), are not budgeted as the nesig
and cost estimates have yet been done. Theref@e) 8f road length (1.2% of the entire length) are
left for the sections of un-widen and 1,138m (1@Rthe whole length) are left for non-pavement. DOR
plans to widen these sections while implementiogesiprotection measures. Asphalt pavement will
also be done after the widening and slope protectio

The survey considered risk assessments that inthedbenefits of risk reduction at seven locations,
including one additional location in addition tele six locations.

214



Data Collection Survey on Road Disaster PrevenitioNepal Final Report

Table 14-1DOR Plan for NH37 Development

Situation of road widening with 2 lanes | To be completed by mid-July 2025
(As of September 2023)

The section with | 23 small sections | Planned to be completed | 19 small sections
less than 2 lanes | Total road length: | by mid-July 2025 Total road length:1,645m

(road width :7m) 2'6008'“ The sections left for road | Total road length of unwidened:
out of 79km 3.3% of 79km widening after August 963m
2025 (estimated) 1.2%

Progress of asphalt pavement (As of eaflyProgress of asphalt pavement (As of early AugugB8p0
September 2023)

The section 35 small sections | Planned to be completed | 30 small sections
without pavement | Total road length: | by mid-July 2025 Total road length: 4211m
in NH37 5349m The sections left for Total road length non pavement:

6.8% of 79km asphalt pavement after 1138m

August 2025 (estimate 1.4%
Source: JICA Survey Team based on the informatiomiged by DOR

As of 5 February 2024, it was confirmed that sormespof the sections reported as widened and paeesl
left with less than 7m width.
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Figure 14-1 Map of the Sites of Large Scale Landslides and Road Improvement Projects
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(2) Cost and Benefit Analysis of Landslide Prevention ®ject Involving NH37 Road
Improvement Work

The projects on seven sites in the comprehensimglishmay be evaluated as “feasible” if the potge

are re-packaged as the landslide engineering nmesasad road improvement project with road
widening to 2 lanes and pavement work. The bemnefite generated through the reduced travel time
and cost through improved roads is expected teasa the adequacy of the project. In this case, it
necessary to obtain the data by measuring thelagead at the unpaved point with narrow road width
due to the problem of landslide hazards and tligctreolume in the rainy and dry seasons. The data
actual speed measurements at the section withasimilvature and gradient with seven sites may also
be necessary to evaluate the expected speedtadtevad widening to 2 lanes and pavement.

The alternative to the project to the landslideie®gring measures and road improvement project may
be the construction of tunnels and shortening dlael tength, as shown Figure 14-1 Four sites with
large-scale collapses require extensive and tealiyidifficult measures in the case of the congtac

of physical structures. The concerned four sitedisted below:

e 61+627 risk index ranking 119 (K6)
e 63+885 risk index ranking 62 (K5)
e 66+565 risk index ranking 86 (K4)
e 69+365 risk index ranking 84 (K3)

(3) Cost-Benefit Analysis of the Project for Road Widring to 2 Lanes and Asphalt Pavement of
7 Sites on NH37

By implementing landslide engineering measures wiétd widening to 2 lanes and pavement of 7 sites
on NH37, the entire project as a road improvemastahpossibility to be evaluated as efficient il
benefit-cost analysis.

Through road improvement, NH37 is expected to doulte to transport cost reduction as the shortest
route between Katmandu and Birgunji, the logistiab at the border with India. However, it should be
noted that the relations and the roles among théadle routes, including the 4-lane toll road unde
construction by the government finance (the FaatK highway), should be clarified.

The cost and benefit items included in the analysidisted below:

Cost items

The total cost of landslide engineering measurésdities (road length: 1478mn) road width widening
to 2 lanes (7m width) and asphalt pavement

Benefit items:

Benefit generated by the reduced landslide ristavel time reduction benefit + vehicle operatiostco
reduction benefit + diversion traffic benefit aseault of improved NH37 (travel time reduction bine
+ vehicle operation cost reduction benefit)

To evaluate the benefit of conversion traffic doethe improvement of NH37, data collection and
analysis, as shown ifable 14-2, are proposed.
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Table 14-2 Outline of the Additional Survey for Calculating Benefit of Widening to 2 Lanes and
Asphalt Paving of NH37 (Proposal)

Changes in the traffic volume of theResearch on usability of NH37

section between Birgunj and Kathmand8urvey on driver’s preference for routes
Calculation of route share based on the

network analysis covering wide ar
Outline - Collect the data on Traffic volumeConduct the drivers' questionnaire surjey
between Birgunji and Katmandu as thtéo understand the usage status of NHI37
origin/destination traffic volume. after the opening of the fast track.
- Allocate traffic volume betweef
Birgunji and Katmandu to the currently
used route, NH37, and Fast Track after
NH37 is paved to two lanes and befgre
and after Fast Track constructi
Data to be| Road network (link length, traffi¢ Route selection intention of drivers starting
collected capacity, traffic volume-speed formujeand ending at Katmandu and Birguniji affer
(Q-V formula)) being presented with the current rolite
Economic  indicators: populatio,used, fast track, NH37 passing speed, pnd
number of vehicles possessed per pe T toll road fees.

Utilization of the| Evaluate the traffic conversion rate to NH37 betw@&rgunj and Kathmandu and
result evaluate the benefits of reduced travel time aadelrcosts associated with diverted
traffic.

Source: JICA Survey Team
3) Technical Cooperation for Landslide Engineering Meaures of NH37

Technical cooperation support for landslide engingemeasures on NH37 could include advice on
lowering the cost of engineering measures projetsshifting road alignment through tunnels, eic. t
avoid landslide risks.

14.2.3 Actions for Climate Change Issues in Landslé Risk Reduction
) Climate Change Adaptation Measures

DOR'’s standard for road drainage design is basatie@minfall projection of 50-year, 33-year, or 25
year return period, depending on the traffic volupmejection for 20 years. This standard level is
sufficiently high compared with Japan’s standarfdgemeral national highways with 7- to 10-year retu
period rainfalls. However, the standard for dramegsign does not consider climate change adaptatio
The drainage work has not been done on most sidpeg the roads. The standards for the road bridges
and culverts require sufficient flow capacity toimtain hydraulic safety for the precipitation, wih
level of 1.1 times larger than the 100-year reperiod to adapt to climate change.

First, the rainfall intensity should be calculatddrarious stations to promote road slope drain@ige.
road slope drainage should then be designed byiagpthe formula from the nearest sites and the
current standard of flow capacity.

If frequent overflow phenomena are observed intexjsdrainage facilities, the amount of drainage
should be corrected by at least 1.1 times, consigletimate change.

Groundwater drainage works require the installabbadequate drainage drilling in principle with a
good understanding of the situations on slip liied groundwater levels during the rainy seasons. Th
draining holes should be densely located, congigdtie effects of climate change.

(2) Climate Change Mitigation Measures

To reduce GHG emissions such as2GDthe time of implementation of engineering measuthe
following methods are recommended:
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« Change the types of engineering measures fromrthevith cement with significant CO
emission at the time of production to those witthueed emission (framework, high-intensity
protection net, check dams with soil cement)

*  Promote the use of cement aggregate produced rbynsites such as soil cement in order to
reduce C®emission while transporting earth sand and otheeriads,

«  Promote C®absorption by applying methods that enable gregmsinch as using a high-intensity
protection net, which can allow greening of all eveas inside the frame.

*  Use the high-intensity slope protection net angldempart of existing trees uncut in order to
minimize the amount of tree cutting,

14.2.4 Necessity of System Manuals
DOR has the following guidelines related to roattklides:

* "Roadside Geotechnical Problems: a Practical Guidkeeir Solution, June 2007" URL:
https://dor.gov.np/uploads/publication/publicati@d72792371.pdf
* "Guide to Slope engineering measures, June 2003"

URL: https://dor.gov.np/home/publication/gesu-paation/guide-to-road-slope engineering measures

“Roadside Geotechnical Problems” was developedpurating “Guide to Slope engineering measures,”
which is developed using the Japanese guidelinesreference (English translation of the title: €Th
Guidelines of Road Civil Engineering Constructi@uidelines of Slope Stabilization”)

It has been 16 years since “Roadside GeotechniobldMs” was published. Revision of the guidelines
should be desirable to introduce and adjust toréwoent developments in survey techniques and
engineering methods.

As explained in 14.1.2 on DOR'’s capacity and stmecfor risk assessment, DOR has developed the
system to input and manage the information on iies sinder the responsibility of DROs using the
sheets of Site Definition, Slope Problem, and Erosion Problemse Tata can be entered via
applications on smartphones or computers. Furttaéning, especially for DRO staff members, is
necessary to utilize the preliminary risk assessregstem. The problem with the current systemas th

it carries too many data items, which requiresng lttme for data entry. For the sustainable utilora

of the system, simplification of the system mayadie necessary.

14.2.5 Strengthen Cooperation with Other Organizations
) Cooperation with DWRI

DWRI (previously DWIDP before the organizationastreicturing) implemented the sediment control
projects on Narayanghat Mugling Highway in 2007 &irtdhuli Road in 2012 with non-project grant
assistance from the Japanese government. Atith@t DWRI and DOR agreed that the area beyond
the 25m line from the center of the road is unterjurisdiction of DWRI.

During the JICA Project for the Operation and Mairgnce of Sindhuli Road (2012-2015), DWIDP
implemented the sediment control projects of theashs impacting on Sindhuli Road and the
engineering measures of erosions of the adjacessrby its budget. DWIDP was merged into DWRI
at the time of the organizational restructuringrréntly, DWRI is responsible for managing 46 rivers
developing and managing irrigation facilities, @amgplementing flood protection measures to protect
farmlands and villages. DWRI has 19 local officesundertake these tasks. However, technical
personnel in charge of landslide risk reductiorhsas geotechnical engineers and hydrogeologists are
not deployed. Many of the personnel in chargemd lslide risk reduction have been transferreddallo
governments.

DWRI is responsible for the issues related to ladés, including protecting assets and infrastrectu

of roads and outside of RoW. It has accumulatelinieal capacity for geohazard management and
management of large-scale landslides, flows cabgdle streams crossing roads, and erosions caused
by the rivers adjacent to roads. Therefore, itdsassary to reinforce the cooperation with the DWRI
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Landslide Section and River Management Sectiomdgaiollaboration with the engineers of the local
governments.

(3) Cooperation with NDRRMA

NDRRMA takes the position as summarized below. A3RDhas an idea of sharing the data, further
actions for cooperation are expected.

* Landslides cause damage not only on the roadddmt@other assets, such as farmlands and
houses. Therefore, it is essential to conductifkeassessment incorporating multiple factors in
addition to the roads. NDRRMA considers incorpargtihe factor of climate change into their
analysis by using DHM data as a GIS database. Biyngdnformation on the road sector, the
system may be used to calculate the road geoheghksd The meetings for road geohazard risk
reduction with the participation of NDRRMA are nssatry.

e The benefit to cost can be larger by including bevaypes of benefits. Pre-disaster investment
should be considered from the aspects of nati@wirgy and political issues.

« NDRRMA finds the national guideline for disasteskrevaluation is necessary. It is necessary for
the risk evaluation special committee to definertble evaluation. For that purpose, NDRRMA
established the taskforce.

(4) Cooperation with Tribhuvan University

DOR and Tribhuvan University Department of Civil dimeering have a technical cooperation
agreement. The primary contents of the cooperatier(i) geophysical exploration on road slopes and
measurement of ground inclinometers and (ii) ingasibns at the sites with complicated landslides a
research on the causes of the landslides. THig iagreement between governmental organizations and
the DOR budget for activities. Continuous cooperats expected to be effective.

14.2.6 Necessity of Capacity Building of Local Technical &sonnel

As DOR mainly transfers its personnel between #mtral and other areas, the technical and skidlltev
are assumed not to have significant differencesvader, the locally deployed engineers are condgctin
various tasks on the sites, such as daily observati the situations, road clearance during laddsli
emergency operations, and permanent measures.fditeerthe need for capacity building for local
technical personnel is high.

14.3. Organizing the Direction of Japan’'s Cooperation
14.3.1. Technical Cooperation Project Related to Road Land&le Risk Reduction
(1) Technical Issues Expected from the Affected @it

The types of damage confirmed at the site are yaimhmarized into four types: collapse, slide, flow
and road carriageway collapse (dezble 10-1). In all types of road landslides, it was obsertieat
there were places where the local response waseudssarily sufficient, consequently leading to
damage. The following common phenomena were obdemssite in the affected sites where sufficient
measures had not been taken.

[Phenomena common to affected sites where ademesieures have not been taken]
Causes of damage:

The causes of collapse, slide and road carriageolgpse were found to differ depending on the
affected site. For example, in terms of road cgeveay collapse, it is observed that cases assdciate
with landslide deformation, colluvial collapse amger erosion. When considering engineering
measuredt is necessary to understand the cause of therecmar, and then adopt engineering measures
appropriate to the cause. According to informafram C/Ps, however, sufficient investigations have
not necessarily been conducted in some affectes. sit
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ii. Secondary events:

In collapse and slide, multiple types of secondargnts are recognized to occur simultaneously, for
example, erosion by spring water or surface wadimg rocks/rock collapse, partial surface coflap
are the cases. When considering engineering messiires necessary to deploy comprehensive
engineering measures that also deal with thesepieutecondary events, which makes the response
complex.

iii. Frequency of landslide events:

Frequently damaged road landslide sites have oggairenomena (causes) that make it difficult to
respond technically. Several C/Ps at the site Saidthe last four or five years, the number ofdalides
has increased rapidly, and we are now experienejpgated landslide events.' It is assumed thaisthis
clearly caused by an increase in rainfall amoudtramfall intensity due to climate change. Consiug
this trend, it is necessary to formulate engingemeasures that consider the effects of Climatagda

iv. Impact of landslide:

In places where the impact of disaster is larggireering measures need to be large-scale, making i
economically difficult to deal with.

V. Maintenance and management:

In this survey, the survey team analyzed 216 sifesd it is assumed that similar issues exisréas

other than these landslide-affected sites. Cugreatandards and management methods for properly
maintaining and managing these facilities have lm#n established. To implement responses in
sequence, it is necessary to establish an appt@pmianagement method for road landslide risk

reduction that focuses on the landslide types neized on site.

Road carriage collapse has occurred due to The road lies on top of the colluvium, and roadiege

landslide movement within a large-scale collapse occurs due to the collapse and movement o
landslide. colluvium.
NHO03 37+900 (Risk Index Ranking 25) NH47 39+600(Risk Index Ranking 28)

Source: JICA Survey Team
Figure 14-3 Damage Patterns of Road Carriageway Calpse

(2) Basic Direction of Pilot Project for Capacity Building

A pilot project is proposed with the aim of stramgting the capability to resolve i) to iii) andbgsed
on technical reasons among the common phenomdéaadslide-affected sites that have been confirmed
on site in the previous section and for which sigfit measures have not been taken.
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[Basic Direction]

climate change.

reduction.

I. Strengthen the capability to conduct appropriatestigations to clarify the causes of landslides.
II. Strengthen the capability to formulate comprehensivgineering measures considering multiple,

secondary events caused by landslides.
lll. Strengthen the capability to formulate engineenraasures considering changes in rainfall due to

IV. Strengthen capabilities regarding maintenance aarthgement methods focusing on landslide risk

(3) Types of Landslides Targeted in Pilot Projects

Based on the above basic direction, the landsipest covered include collapse, slide, and road
carriageway collapse, which are the main damagestgpnfirmed on investigated site covered in this
survey. Flow is excluded because they are a sipt@@omenon, the survey and engineering measures

are spread over a wide area throughout the basithese are cost and land acquisition issues, mnd i

addition, flow is not included in the C/P's reqeeissites, which will be explained later.

= Slide

= Collapse

[Targeted types of Landslides]

= Road Carriageway collapses

(4) Issues to be Handled in the Pilot Project and Promed Technical Cooperation

Strengthening Survey Capabilities

Surveys to clarify the causes of landslide damagearied out through the steps of planning, stingg
reconnaissance survey, investigation and analysithermore, specific implementation items willyar
depending on the landslide type. In the pilot ppjbased on the common flow of the survey, the
specific survey items necessary for each landsjige will be implemented. For specific survey items
Japan's know-how and technology will be activetyaduced into each survey items. The following is
a draft list of technical cooperation support iterakated to survey capacity building. The specific
support items to be adopted will be determined déing on the pilot project sites as well as budget

size.

Table 14-3 Proposed Items for Assistance in Tech@itCooperation for Strengthening Survey

Capacity (Tentative)

Items Issues Proposed assistance items for
Technical Cooperation
Planning + There are many sites where the scale+ Extract landslide risk sites and area
of damage is large, and it is difficult to| by interpreting microtopography using
grasp the complete situation. high-resolution topographic maps.

+ There are many sites that have beeh - Carry out a landslide history survey
repeatedly damaged by landslides, but using satellite engineering images.
the damage history is not fully
understood, and conventional measurgs
based on experience are taken
accordingly.

Surveying + There are many places where the - Set the range for aerial photograph
causes and phenomena of the landslidaising a drone, considering the collaps
extend beyond the area under road | source and slide area, and carry out
management. In Nepal's road photography. In forest areas, drone
improvement project, aerial optical LiDAR aerial image, which is also
images are taken by a drone possible in Nepal, may be considered
approximately 100 meters from the a pilot activity. Using the created

topographic map with 1m elevation li
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Items

Issues

Proposed assistance items for
Technical Cooperation

center of the road, but there are some
areas that are not fully covered.

intervals, topographical analysis to
identify areas where collapse, slide an

will be conducted.

road carriageway collapse are expectg

d

Reconnaissance Survey

* The most basic item in the
reconnaissance survey is the field
survey. However, sufficient field
surveys have not been conducted.

- Establish the scope of survey,
estimating the causes of damage, a
reconnaissance survey planning and
setting priorities regarding landslide
phenomena through field survey.

9

<

Investigation <Collapse> <Collapse>
+ When formulating engineering -Conduct in-hole logging and
measures, it is necessary to understantorehole cameras in survey boreho
the extent of sagging in the ground, b tto understand loose areas.
no investigation method has been
established. *Conduct handheld 3D ground lase
. Rock_falls and bedrock collapses are fgg‘é%;g%;% Lér;?lz;)sstzg.d the scale o
recognized as secondary events, but if
the scale of the collapse is large, it is not
possible to enter the collapse area and
grasp the scale.
<Slide> <Slide>
- In general survey boring, it is difficult + Grasp the slide surface by observir
to collect cores from fractured areas, | pipe strain gauges inside the boreholg
and the slide surface cannot be (install strain gauges on the pipes and
identified in many cases. Slope stabilitymeasures with data loggers). As an
analysis is conducted based on groungdintroduction to cutting-edge technolog
strength based on test values, but therecores will be collected using high-
is a possibility that accurate strength | quality boring (a hybrid construction
cannot be determined. method, which is currently under
) examination in Indonesia) for the
* Instrumental observations have not| fractyre classification to determine the
been carried out, and data-based landslide mass boundaries.
analysis has not been carried out
accordingly. + Conduct groundwater level
observation (measured with a data
logger) and ground extensometer
observation (measured with a data
logger) and analysis of the results.
<Road carriageway collapse> <Road carriageway collapse>
- It is important to understand the depth- Easily estimate physical property
at which bedrock appears and at the | values using the standard penetration
same time grasp the physical propertiggest results (N value) commonly carrig
of the ground through survey boring. | out in survey boreholes.
Analysis <Collapse> <Collapse>

+ Many cases were observed in the

+ The scale of collapse that occurs

field where gabions were installed as a within the loosened area identified

measures against collapse. However,
many cases of damage were observe

through the survey will be determined
i through trial arc calculations and will
be used as a condition for selection
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Items

Issues

Proposed assistance items for
Technical Cooperation

due to colluvium, falling rocks and roc
collapse.

design of construction methods.
Regarding rockfalls and rock collapse
the rockfall energy is calculated and
used as a condition for the scale of
engineering measures.

4

<Slide>

- In the affected sites, slide events
(range, thickness, fluctuation status,
groundwater level) were not accuratel
understood, and there were areas whe
slide movement had not been
suppressed.

<Slide>

A slide analysis model will be set up
based on instrumental observation
results. The items to be determined in
sidhe analytical model are the slip
surface, slip surface strength,
groundwater level, initial safety factor
and planned safety factor. Using the
analytical model, perform stability
analysis using a simplified method an
set design conditions for engineering
measures design.

<Road carriageway collapse>

<Road carriageway collapse>

+ Multiple cases were recognized as the The scale of the collapse will be

cause of the road carriageway collaps
and in some cases, there were affecte
sites where the basement rock appea
at a deep depth, making it difficult to
deal with.

edetermined through trial arc

dcalculations based on the physical

eproperty values obtained through the
survey and will be used as conditions
for selection and design of constructig
methods.

Source: JICA Survey Team

Strengthening Capability to Formulate EngineerineglSures

At the site, it was confirmed that the followingnstruction methods have been introduced as slope
engineering measures. On the other hand, eveopié ®ngineering measures were implemented, there

were cases in which the effects were not achieeeduse appropriate construction methods were not
adopted to deal with the phenomenon. It is propdbBatithe pilot project aims to introduce Japan's
know-how and technology to deal with landslidesdtfale construction methods for each landslide type

are shown imable 14-4

Planning large-scale earthworks (slope cut) pobkesfollowing technical challenges for Nepali

engineers.

Applying an appropriate cutting slope and placiegiis according to the ground conditions is necgssar
Although this is stated in the DOR guide, it iseofinot applied appropriately. The actual distritnuibf
soil and rock on the ground of a road slope is demy@and the cut slope gradient requires compretens
judgment, including the presence of spring watetthe erosion resistance of the soil.

If houses or infrastructure are distributed onupger slope, it is necessary to avoid destabilitiveg
upper slope due to the slope cut. It is necessarguty out the slope reinforcement by frame wookk
bolting, and ground anchoring.

Since large-scale earthworks (slope cut) involvgdeascale felling and transportation of waste $oi,

desirable to reduce the scale of cutting from tieevpoint of CG absorption by bioengineering and
control of CG emissions. In this case, it is necessary to censidetaining wall, slope protection net,
soil nailing, framework, and ground anchor. Therddtiction of slope bioengineering is also

recommended.
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The cutting mentioned above reinforcement methadféa applications in Nepal, so it is necessary to
obtain technical support.

Countermeasures against slope failure and rodkfellide source and standby countermeasures, and
the distinction between these measures dependssbrefticiency. Suppose there is a separation space
between the road and the slope on the mountaio$itihe road. In that case, it can be used as @&buff
zone to absorb rockfall energy, so if it can copin the largest expected rockfall, it is econoniical
more cost-effective to take standby measures. Qeadde. If a rockfall is expected that cannot baltle
with standby measures, remove the floating rockisooiiders at the source or secure the source with
slope protection netting, ropes, etc. In recentgdasigh-energy absorption rockfall protection fesc
(standby protection) and high-energy absorptiokfedcprotection nets (standby protection type,rseu
protection type) have been developed in Japanthendapplication may be considered. It is necessar
to obtain technical support regarding applicationditions and design concepts.

Landslide countermeasures include suppression w@dkglslide head waste soil, landslide foot
embankment, groundwater drainage works, etc.) aterreent works (ground anchor works, deterrent
pile works, etc.). First, control works are plannadd once the slipperiness of the landslide has be
suppressed to a certain extent, restraint workplarged to ensure the desired level of safetidpal,

the first option is to plan and implement relativ@hexpensive control works. Alternatively, if the
negative environmental and social aspects assdorta restraining works are large, such as large-
scale deforestation or relocation of residents, iittte sliding force of the landslide is of a ss#hat
can be handled with anchors or restraining pilestraining works may be adopted. Conceivable. It is
necessary to obtain technical support regardinticgbion conditions and design concepts.

In addition to the above-mentioned landslide phezroon, road collapse is often associated with river
erosion near the road. In this case, it is necgssamderstand whether the slope is directly Wititer
water and the water level during floods and th&e taeasures to prevent erosion if there is a fisheo
road being flooded.
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Table 14-4Proposed Items for Assistance in Technical Coopetan for Strengthening Capacity of
Formulating Engineering Measures (Tentative)

Measures Proposed Assistance Items for Technical Cooperation
Common - Performance + In Japan, the concept of "performance-based cdhtnas been
issue standard introduced as a flexible standard that allows fier tapid introduction of]
new design methods, new technologies, and newrcmtisih methods
to cope with the diversification of needs for sttwes and landscapes as
well as further cost reductions. In the pilot pobjeét is possible to teach
the concept of performance standard. Performarmcelatd for slope
engineering measures assumes the concept of terpgonargency
measures and permanent measures, as well as tteptaorf a planned
safety factors for permanent measures.
Collapse + Massive collapse + Teach the design flow, concepts, and design mettosakesigning
measures large-scale earthworks (cutting works).

+ Engineering + There are two types of measures against fallingsraad rockfall:
measures against source measures and standby measimebepilot project, it is possiblg
falling rocks and to teach how to use both works and the method df dasign.
rockfall

Slide - Control work$® + Slide engineering measures include control workb eastraint

. Restraint work® works. This pilot project may target control wotkat are highly

feasible in Nepal (water collection wells, horizalrtorings,
embankments, earth removal).

Road + Engineering + During the field survey, multiple causes of thedr@carriageway

carriageway | measures against collapse were confirmed. In the pilot projectsipossible to consider

collapse collapse engineering measures targeting road carriage aaldpe to colluvium
collapse, which is the most recognized cause.

Source: JICA Survey Team

Strengthening the Capability to Cope with Climatefge

The effects of climate change are recognized ineamed precipitation and rainfall intensity, which
cause road landslides such as frequent collapgpangion of the scale of collapses and activation o
slides.

Climate change engineering measures can be diinitteddaptation measures and mitigation measures.
In road landslide risk reduction project, adaptatioeasures include strengthening the functionafity
surface water treatment and groundwater drainagdksy@and mitigation measures include slope
bioengineering.

[ Climate change engineering measures in road lidledssk reduction]
Adaptation measure:

Strengthening of works related to surface wateattnent (channel works, berm drainage, €tc.)
Reinforcement of groundwater drainage works (digenaell, horizontal boring, culvert)

Mitigation measures:

Slope bioengineering

28 Control works: A method of stopping or mitigatingde movement by changing the natural conditions
such as the topography of the site and the stageooihndwater to improve the balance between tldngli
force and resistance of the slide.

2 Deterrence works: A construction method that usesrésistance of a structure to stop part or athef
slide movement.
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It is proposed that the pilot project will focus groundwater drainage works for landslides, whieh a
among the climate change engineering measuresanedtabove and the technology for which is still
immature in Nepal. An example of a specific metisshown below.

[Example of consideration of slide prevention wockssidering increase in precipitation due to ctana
change]

1) Understand current groundwater level fluctuatidmeugh instrumental observation
(groundwater observation in boreholes)

2) Understanding the relationship between rainfall grindwater level

3) Construction of a ground model through reproducéinalysis using seepage flow analysis

4) Prediction of groundwater level when precipitatiocreases

5) The effect of lowering the groundwater level dugtoundwater drainage works (water
collection wells, horizontal borings)

Strengthening Maintenance and Management Capacity
DOR's road landslide risk reduction guidelinesasdollows.

- DOR 2007: Roadside Geotechnical Problems: A PadBaide to their Solution
(https://dor.gov.np/home/publication/gesu-publicatioad-side-geo-technical- problems-a-
practical-guide-to-their-solutions)

- GESU: Geo Environmental Social Unit/DOR 2003: Gum&oad Slope Protection Work
(https://dor.gov.np/home/publication/gesu-publicayi

The pilot project will utilize these guidelines amavide supplementary materials and data to ingrov
the capacity of Nepali C/Ps. The knowledge gaimethfthe pilot project is preferable to be compiled
as supplementary material to the above guide.

(5) Identification of C/P

The C/Ps are expected to be DOR (Maintenance DiviSGESU) and Groundwater and Geology
Division of DWRI.

(6) Extraction of Candidate Sites for Pilot Projects

In a technical cooperation project, the C/P mayid#eon a model section (pilot project site), and an
expert may be involved to provide comments andcadydn the other hand, DOR has set a priority list
of 24 sites as of October 10, 2023, where supporéeded (seEable 14-5.

Selection Criteria

The survey team proposes that the target sitethépilot project be selected from among the sites
indicated by DOR. Selection was carried out basethe following criteria.

[Selection Ciriteria]

- Select from the priority list of 24 sites indicategd DOR on 18 October 2023.

- Select from routes relatively close to Kathmandt8¥, NH44, NH47: 15 sites).
+ Exclude the sites on the short list (5 sites).

- Exclude dangerous sites (4 sites) where collapsésackfalls occur frequently.

- Covers three landslide types (collapse, slide,rand carriageway collapse).
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As a result of the considerations, seven candsltge were selected.

[Candidate sites for pilot projects]

+ Collapse: 3 sites: NH37 46+000(73), NH44 33+0008y47 48+600(8)
- Slide: 3 sites: NH37 56+420(63), NH37 42+000(6&i4¥ 49+800(30)
* Road carriageway collapse: 1 site: NH47 39+600(28)

*(): Risk Index Ranking

All the above candidate sites are suitable for ennting the capability strengthening assistance in
Technical Cooperation shown in the previous secti®¥ Implementation Contents. Three sites each
for collapse and slide were listed, and if it i€e®sary to narrow down to one site for each lagesli
type, the sites would be located on NH37, whiclnighly requested by DOR, relatively close to
Kathmandu, and relatively small and easy to haridie.following sites were selected.

[Final candidate sites for pilot project]
+ Collapse: 1 site: NH37 46+000, Risk Index RankiBg 7
- Slide: 1 site: NH37 56+420, Risk Index Ranking 68

* Road carriageway collapse: 1 site: NH47 39+600 28
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Table 14-5 Riority Sites Presented by DOR (October 10, 2023)
White-colored cells are pilot project candidate sites,raddextis the final candidate sites.
DOR'’s
Priorit . . .
Rankingyon National Highway Risk quex Road Section Chainage| Inventory No. Type Shortlist | Danger
Code Ranking
10 October
2023
1 NH37 62 Kanti Highway 63+885 K5 collapse X
2 NH37 63 Kanti Highway 56+420 K7 slide
3 NH37 68 Kanti Highway 42+000 K9 slide
4 NH37 73 Kanti Highway 46+000 K8 collapse
5 NH37 84 Kanti Highway 69+365 K3 collapse X
6 NH37 85 Kanti Highway 66+565 K4 collapse X
7 NH37 119 Kanti Highway 61+627 K6 collapse X
8 NH44 6 Narayanghat- Mugling 33+000 L7 collapse
9 NH47 2 Siddartha Highway 35+500 SHO03 slide X
10 NH47 8 Siddartha Highway 48+600 SH10 collapse
11 NH47 11 Siddartha Highway 56+200 SH14 slide X
12 NH47 12 Siddartha Highway 87+400 SH18 collapse X
13 NH47 28 Siddartha Highway 39+600 SHO7 road steutollapse
14 NH47 29 Siddartha Highway 46+400 SHO09 collapse X
15 NH47 30 Siddartha Highway 49+800 SH12 slide
16 NHO3 25 Pokhara- Baglung 37+900 PB36 slide
17 NHO3 26 Pokhara- Baglung 36+400 PB37 slide
18 NHO3 27 Pokhara- Baglung 26+200 PB38 slide
19 NHO3 33 Pokhara- Baglung 51+500 PB21 collapse
20 NH25 16 Dumre-Besisahar-Chame| 45+150 L21 collapse X
21 NH25 18 Dumre-Besisahar-Chame| 61+100 L12 collapse
22 NH25 19 Dumre-Besisahar-Chame| 62+500 L20 collapse
23 NH25 31 Dumre-Besisahar-Chame| 101+800 | L19 collapse
24 NHO3 201 Khurkot-Halesi 4+000 HK15 collapse

Source: Edited by the survey team based on infeomatovided by DOR
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Selected ldea

NH 37 46+000, Risk index ranking 73 (K8), collagéth Place in DOR request ranking o' Idctober
2023)

This is a collapsed area with a slope height ofrapmately 100 m and a slope gradient of
approximately 40° to 60°. There are places wheltendal soil generated at the top of the slopdiskly
deposited from the middle to the bottom of the s|amd there are also places where weatheredsock i
exposed and overhangs the entire surface. Collapsas collapses, and rockfalls occur from areas
where the surface layer is loose. Focusing on tyges of phenomena, collapses and falling rocks in
collapsed areas, methods of investigation, analgsi$ design appropriate for each will be proposed.
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Source: JICA Survey Team, Location map showing wapllation density of the 2021 Census

Figure 14-4 Proposed Site of NH37 46+000, Risk Ind&kanking 73 (K3)

Colluvial soil supplied from the upper part of the | At the top of the collapsed area, loose bedrock is
slope is deposited on the side of the road. completely exposed, and there are scattered fpatin

rocks that can be falling rocks.

Source: JICA Survey Team
Figure 14-5 Site Photos of Proposed Site of NH37#4®00, Risk Index Ranking 73 (K3)
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Proposed site of NH37 56+420, risk index rankindkB), slide (2nd place in DOR request ranking on
10" October 2023)

The landslide was 100m wide and large-scale., BB2GESU conducted the investigation and stability
analysis which are one boring hole to the depth2wh and the two-dimensional electrical resistivity
survey on the halfway of the slope of the road maarside. In the pilot project, it is conceivaliat
survey borings will be placed, and the depth oflémelslide will be determined through groundwater
observation and strain meter measurements insidiedirehole, and these will be used for planning and
designing engineering measures.
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This is a ridge-shaped rock landslide. The | On the side of the road, colluvial soil from theuntain
activity level is high, and collapse has occurieside has accumulated and is pushed towards theidead
from the middle down.

Source: JICA Survey team
Figure 14-7 Site Photos of NH37 56+420, Risk Index Ranking 63 (K7)
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NH47 39+600 (SHO7), risk index ranking 28, roadricaeway collapse (17th place DOR request
ranking on 18 October 2023)

The gabion retaining wall on the road valley side lzollapsed. It is thought that the road will be
stabilized by carrying out survey boring to confitme bedrock and constructing the valley side nétgi
wall by ensuring that it is firmly embedded in tiedrock, and this is considered appropriate antegh
cooperation for the DOR'’s current capability.
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Source: JICA Survey Team, Location map showing wallation density of the 2021 Census
Figure 14-8 Propose Site of NH47 39+600, Risk Index Ranking 28 (SH07)
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Colluvial soil has accumulated on the valley side of | Weathered rock is partially exposed on the mountainside
the road. The existing gabion retaining wall was not slope of the road, and there is no threat of major collapse.
installed on stable ground and collapsed. The There is spring water from the outcrop, and the slopes on
roadside of the valley side was damaged. the valley side are also eroding.

Source: JICA Survey team
Figure 14-9 Site Photos of NH47 39+600, Risk Index Ranking 28 (SH07)
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14.3.2. Technical Cooperation Project related to Mountain Rad Improvement Project

The government of Nepal is prioritizing investmémtroad development over road landslide risk
reduction. When constructing, widening, or changhgyalignment of mountain roads, it is considered
adequate to transfer technology on how to buildisodat are resistant to landslides, such as road
alignment that avoids hazards such as collapsdslides, debris flows, and erosion, extensive slope
cutting and embankments. Targets include natioigthways managed by DOR and local roads
managed by the Ministry of Urban Development's Dpent of Rural Infrastructure (DOLI).
Regarding local roads, there have been cases chvgleidiment from road construction is disposed of
in valleys, causing sediment to flow downstreamotber roads, residential areas, and farmland.
Technical cooperation is needed to prevent newslates due to road construction.

Support items for technical cooperation relatechtmntain road projects include the following:

e Creation of landslide hazard mapping for new rdadmng area

* Road alignment planning for landslide-resistantroanstruction

*  Benefit-cost analysis related to road development

*  Benefit-cost analysis for road improvement

»  Geotechnical investigation, hydrological and hyticaimvestigation
* Landslide risk management planning

»  Structural measures for risk sites

* Maintenance of engineering measures

*  Awareness for road landslide

«  Emergency information collection method

* Road emergency information systems, including e&adgning or precautionary road closure

14.3.3. Proposed ODA Lone Projects related to Road Landsle Risk Reduction

The necessity and appropriateness of implementiDg an projects for the shortlisted areas are
summarized as follow.

(1) NH25 Besisahar-Charme section

Although one site has been selected, the scaleegdrbject is relatively small, and the level athrical
difficulty is medium, so that DOR can handle it hwitechnical cooperation. As landslide occur
frequently, early engineering measures are recordatewithout relying on Japanese loans.

(2) NH37 Kanti Highway

Seven sites have been selected. Site-based ewvallias not determined the validity of landslidé ris
reduction investment. The application of Japanesad is based on the premise that landslide
prevention and road improvement projects, includwgrlane paving, are economically viable. For the
four technically difficult slopes, it is necessanyconsider ways to avoid the risk of landslideshsas
changing the road alignment, in addition to implatirey engineering measures.

Suppose the economic validity of the above proiecichieved. In that case, the necessity of the
Japanese loan project will be moderate to highesihe project scale is large and the level of tiethn
difficulty is moderate to high.

(3) NH44 Narayanghat-Mugling Highway

Five sites have been selected, but none are intlud®OR's priority list of requests for Japan's
cooperation on T0October 2023. Investigation and design of enginganeasures have already been
commissioned at three sites.

Although the scale of the project is relatively #iraad the level of technical difficulty is mediuta
high, it can be handled by DOR with technical coatien. As landslides occur frequently, early
engineering measures are recommended without getyinJapanese loans.
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(4) NH47 Siddhartha Highway

Three sites have been selected. Although the séalge project is relatively small and the level of
technical difficulty is low to medium, it can bertied by DOR with technical cooperation. Early
engineering measures are recommended regardldapariese loans.
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Annex A-1. List of 216 sites

Landslide Sites

Type of Existing Presence or Absence of Annual
GPS Coordinate (WGS84) an Elevaton ey | | itorica aiure| the lopeabove he. | probaity | AADT | oxcl | Detour Rosd
National Inventory Lzzzl?dfe Mgea\suresg 1= Masonry Volume V= pRoad Damage to t);1e (2021/22 MC,' Sections RES Ind(eg;z 1¢\2AZI)DTemC Risk I(gggi IZSA ot
Highway Road Section Chainage Location Name/Description No: 2=Gabion L1*W1*D1/3 Whole Road ) Rickshaws (km)
Code Latitude Longitude Elevation 1=Y, 2=N 3=Concrete wall 1=Presence, Width (2021/22)
(North) (East) (m) 4=0thers 0=Absence (Yolyear)
AAEP AADT | AADTemc DR =AAEP*AADTemc*DR|=AAEP*AADT*DR

NH02 Kanchhi Dokan NHO02#1 27°524.07"N 87°47'23.46"E | 2,202.6 Flow 2 7,575 1 15 2523 1,145 500 85,875 189,225
NH02 Puwa Bhanjyang/Gumbba Dada NH02#2 27°37.98"N 87°4824.84"E | 2,282.5 Collapse 2 250 0 1 2523 1,145 500 5,725 12,615
NH02 Pangre ko bhir NH02#3 27°32.62"N 87°48'43.84"E | 2,127.9 Collapse 2 13,650 0 15 2523 1,145 500 85,875 189,225
NH02 Dhapartar NHO02#4 27°2'15.00"N 87°50'15.93"E | 2,107.5 Collapse 2 2,100 0 3 2523 1,145 500 17,175 37,845
NH02 Golkharka-Rajduwali NH02#5 26°534.7"N 87°55'34.75"E 502.6 Landslide 1 4 750,000 1 10 3531 1,825 500 91,250 176,550
NH03 Khurkot-Halesi Khotang HK#1 27°11'24.14"N | 86°34'32.65"E | 1,232.0 Collapse 2 153 0 1 1,725 897 274 2,458 4,727
NH03 Khurkot-Halesi Khotang HK#2 27°11'46.64"N | 86°33'56.02"E | 1,123.8 Collapse 2 2,667 0 1 1,725 897 274 2,458 4,727
NH03 Khurkot-Halesi Khotang HK#3 27°11'38.32"N | 86°3321.78"E | 1,148.8 Collapse 2 150 0 1 1,725 897 274 2,458 4,727
NH03 Khurkot-Halesi Khotang HK#4 27°1010.92"N | 86°1820.88"E | 1,000.0 Collapse 1 1 175 0 1 1,827 956 274 2,619 5,006
NHO3 Khurkot-Halesi 15+600 iﬂgtggg)«:h 0+0000 at Hilepani HK#5 | 27°1018.48'N | 86°3000°E | 8286 Collapse 2 1,100 0 2 1725 897 274 4,916 9,453
NHO03 Khurkot-Halesi Khotang HK#5a 27°1018.50"N 86° 3021.50"E 769.5 Collapse 2 2,667 0 1 1,725 897 274 2,458 4,727
NHO03 Khurkot-Halesi Khotang HK#5b 27°11'19.30"N 86° 30'19.60"E 793.2 Collapse 2 350 0 1 1,725 897 274 2,458 4,727
NHO03 Khurkot-Halesi Khotang HK#6 27°10'61.40"N 86° 29'25.80"E 603.3 Collapse 1 1 3,733 0 1 1,725 897 274 2,458 4,727
NHO03 Khurkot-Halesi Khotang HK# 6' 27°10'14.16"N 86° 30'10.84"E 938.6 Carriageway Collapse 1 1 267 0 1 1,725 897 274 2,458 4,727
NHO03 Khurkot-Halesi Okhaldhunga HK# 7 27°10'40.26"N 86° 25'14.74"E 466.5 Flow 2 533 0 1 1,725 897 274 2,458 4,727
NHO03 Khurkot-Halesi Udaypur HK# 8 27°1022.84"N 86° 23'56.80"E 335.4 Collapse 2 500 0 1 1,827 956 274 2,619 5,006
NHO03 Khurkot-Halesi Udaypur HK# 8a 27°10'18.41"N 86° 24'00.36"E 305.2 Collapse 2 600 1 1 1,827 956 274 2,619 5,006
NHO03 Khurkot-Halesi Udaypur HK# 8b 27°1021.79"N 86° 23'58.92"E 332.8 Collapse 2 1,600 0 1 1,827 956 274 2,619 5,006
NHO03 Khurkot-Halesi HK# 9 27°12'33.77"N 86°2021.80"E 3455 Collapse 2 400 0 1 1,827 956 191 1,826 3,490
NHO03 Khurkot-Halesi 28+060 |[(Ch 0+000 at Khurkot) HK# 10 27°14'44.63"N 86° 12'21.89"E 391.9 Collapse 1 2 800 0 2 1,827 956 191 3,652 6,979
NHO03 Khurkot-Halesi HK# 11 27°15'6.84"N 86°10'37.27"E 383.3 Collapse 2 1,250 0 1 1,827 956 191 1,826 3,490
NHO03 Khurkot-Halesi HK# 12 27°14'35.09"N 86° 9'9.61"E 400.0 Collapse 2 750 0 1 1,827 956 191 1,826 3,490
NH03 Khurkot-Halesi 18+600 |Kukhuretar HK#13 | 27°16'10.45"N | 86°9'52.81"E 408.0 Collapse 1 2 2,400 0 2 1,827 956 191 3,652 6,979
NHO03 Khurkot-Halesi HK# 14 27°15'50.04"N 86° 2'29.4"E 407.3 Collapse 2 1,400 0 1 1,827 956 191 1,826 3,490
NHO03 Khurkot-Halesi 4+000 |Habar (Akare) HK# 15a | 27°1827.79"N 86° 1'27.41"E 425.4 Collapse 2 1,067 0 1 1,827 956 191 1,826 3,490
NHO03 Khurkot-Halesi 4+000 |Habar (Akare) HK# 15b | 27°1828.44"N 86° 1'19.80"E 430.6 Collapse 2 5,200 1 5 1,827 956 191 9,130 17,448
NHO03 Khurkot-Halesi 4+000 |Habar (Akare) HK# 15¢ 27°18'30.67"N 86° 1'15.38"E 436.1 Collapse 2 5,200 1 5 1,827 956 191 9,130 17,448
NH03 Pokhara- Baglung 58+700 |Saharshadhara 1, Kushma PBO1 28°14'49.80"N 83°38'4.75"E 699.6 Collapse 1 1 5,918 0 10 2,819 1,597 500 79,850 140,950
NHO03 Pokhara- Baglung 58+500 |Saharshadhara 2, Kushhma PB02 28°14'51.04"N 83°38'0.61"E 684.7 Collapse 1 1 14,405 1 15 2,819 1,597 500 119,775 211,425
NH03 Pokhara- Baglung 57+440 |Nayapool Flow, Kushma PB03 28°14'43.96"N | 83°38'14.98"E 692.9 Flow 1 2 87,780 1 20 2,819 1,597 500 159,700 281,900
NHO03 Pokhara- Baglung 57+400 |Armadi 1, Kushma PB04 28°1424.A7"N 83°38'47.42"E 721.0 Collapse 2 1,085 1 20 2,819 1,597 500 159,700 281,900
NHO03 Pokhara- Baglung 57+300 |Armadi 2, Kushma PB05 28°1421.24"N 83°38'52.71"E 724.8 Collapse 1 2 3,899 1 2 2,819 1,597 500 15,970 28,190
NH03 Pokhara- Baglung 56+050 |Armadi 3, Kushma PB06 28°14'32.38"N | 83°39'24.42"E 748.0 Collapse 1 257 0 2 2,819 1,597 500 15,970 28,190
NH03 Pokhara- Baglung 54+350 |chamar Ke dil, Kushma PBO7 28°14'14.09"N | 83°39'48.79"E 830.4 Collapse 1 2 1,800 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung 53+600 |Dulepani, Kushma PB08 28°14'3.26"N 83°40'9.08"E 848.0 Collapse 1 1 1,200 0 1 2,819 1,597 500 7,985 14,095
NHO03 Pokhara- Baglung 53+400 |Gupteshwor Campus area, Kushuma PB09 28°13'59.73"N 83°40'12.38"E 857.1 Carriageway Collapse 1 1 800 0 3 2,819 1,597 500 23,955 42,285
NHO03 Pokhara- Baglung 53+450 |Gupteshwor Campus area, Kushuma PB10 28°13'58.19"N 83°40'11.35"E 847.3 Carriageway Collapse 1 2 10,400 1 5 2,819 1,597 500 39,925 70,475
NH03 Pokhara- Baglung 52+500 |Damdare khola, Kushuma PB11 28°1343.64"N | 83°40'38.53"E 868.4 Flow 1 2 31,680 1 20 2,819 1,597 500 159,700 281,900
NH03 Pokhara- Baglung Near Kushma Gatel, Kushma PB12 28°1320.92"N | 83°41'33.51"E 866.8 Collapse 1 2 267 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung Near Kushma Gate2, Kushma PB13 28°1322.93"N | 83°41'35.69"E 858.9 Collapse 1 2 400 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung Near Kushma Gate3, Kushma PB14 28°1324.37"N | 83°41'39.61"E 856.8 Collapse 1 1 533 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung Near Kushma Gate4, Kushma PB15 28°1327.90"N | 83°41'43.44"E 856.8 Collapse 1 1 292 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung Police Station, Kushma PB16 28°1329.30"N | 83°41'47.90"E 848.3 Collapse 1 2 4,500 0 1 2,819 1,597 500 7,985 14,095
NHO03 Pokhara- Baglung Near Sundare khola, Kushma PB17 28°13'57.45"N 83°42'41.16"E 760.0 Collapse 1 1 7,200 0 5 2,819 1,597 500 39,925 70,475
NH03 Pokhara- Baglung Damadi khola, Kushma PB18 28°13'33.68"N | 83°41'48.98"E 848.3 Flow 1 2 18,667 1 10 2,819 1,597 500 79,850 140,950
NH03 Pokhara- Baglung Chuwa landslide, Kushma PB19 28°13'34.22"N | 83°4227.22"E 804.6 Collapse 2 1,000 0 1 2,819 1,597 500 7,985 14,095
NH03 Pokhara- Baglung Ambot, Kushma PB20 28°15'5.79"N 83°42'54.46"E 773.8 Collapse 2 800 0 1 2,819 1,597 500 7,985 14,095
NHO03 Pokhara- Baglung 51+500 [Paradi landslide, Kushma PB21 28°14'20.24"N 83°42'39.22"E 7448 Collapse 1 2 66,667 0 15 2,819 1,597 500 119,775 211,425
NH03 Pokhara- Baglung Slope erosion, Kusma PB22 28°14'16.09"N | 83°42'38.69"E 735.6 Collapse 2 2,310 0 1 2,819 1,597 500 7,985 14,095
NHO03 Pokhara- Baglung Sundare khola, Kushma PB23 28°14'2.95"N 83°42'35.63"E 761.3 Flow 1 2 16,973 1 10 2,819 1,597 500 79,850 140,950
NH03 Pokhara- Baglung Near Sundare khola, Kushma PB24 28°1357.72"N | 83°42'41.03"E 782.0 Collapse 1 1 9,000 0 5 2,819 1,597 500 39,925 70,475
NH03 Pokhara- Baglung Near Sundare khola, Kushma PB25 28°1355.71"N | 83°42'41.23"E 768.0 Collapse 1 1 5,500 0 5 2,819 1,597 500 39,925 70,475
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Landslide Sites

Type of Existing Presence or Absence of Annual
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(North) (East) (m) 4=0thers 0=Absence (Yolyear)
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NHO3 Pokhara- Baglung Ambot landslide, Kushma PB26 28°15'38.75"N | 83°43'13.93"E 782.7 Collapse 1 2 6,750 0 5 2,819 1,597 500 39,925 70,475
NHO03 Pokhara- Baglung Near lasting resort, Kushma PB27 28°15'49.73"N | 83°43'38.68"E 795.3 Collapse 1 2 5,600 0 5 2,819 1,597 500 39,925 70,475
NHO03 Pokhara- Baglung Patichaur, Kushma PB29 28°16'23.85"N | 83°44'28.34"E 851.5 Collapse 2 5,400 0 5 2,819 1,597 500 39,925 70,475
NHO03 Pokhara- Baglung Near Modi Khola Bridge, Kushma PB30 28°16'25.71"N | 83°44'29.40"E 885.8 Collapse 2 8,880 0 10 2,819 1,597 500 79,850 140,950
NHO03 Pokhara- Baglung Dinuwa, Kushma PB31 28°16'43.12"N | 83°44'50.49"E 851.2 Collapse 2 8,250 0 10 2,819 1,597 500 79,850 140,950
NHO03 Pokhara- Baglung Dinuwa (Mahabhir), Kushma PB32 28°16'43.03"N | 83°44'54.62"E 867.9 Collapse 2 5,333 0 10 2,819 1,597 500 79,850 140,950
NHO3 Pokhara- Baglung 41+700 [Nayapool 1, Kaski PB33 28°17'55.04"N | 83°46'17.26"E | 1,047.2 Landslide 1 2 47,667 0 5 6,594 3,017 500 75,425 164,850
NHO03 Pokhara- Baglung 41+600 [Nayapool 2, Kaski PB34 28°17'51.98"N | 83°46'27.67"E | 1,231.2 | Carriageway Collapse 2 4,800 0 2 6,594 3,017 500 30,170 65,940
NHO3 Pokhara- Baglung 38+000 |Nayapool 3, Kaski PB35 28°18'5.21"N 83°46'52.09"E | 1,233.8 | Carriageway Collapse 1 2 1,500 0 2 6,594 3,017 500 30,170 65,940
NHO03 Pokhara- Baglung 37+900 |Nayapool 4, Kaski PB36 28°18'6.86"N 83°46'43.31"E | 1,273.2 Landslide 1 2 125,000 0 10 6,594 3,017 500 150,850 329,700
NHO03 Pokhara- Baglung 36+400 |Nayapool 5, Kaski PB37 28°18'5.30"N 83°47'4.31"E 1,625.4 Landslide 2 40,000 0 10 6,594 3,017 500 150,850 329,700
NHO03 Pokhara- Baglung 26+200 |Pandung, Kaski PB38 28°17'9.04"N 83°49'59.17"E | 1,610.0 Landslide 2 1,350,000 0 10 6,594 3,017 500 150,850 329,700
NHO03 Pokhara- Baglung Ghattekhola landslide, Kaski PB39 28°17'12.83"N | 83°51'39.70"E | 1,172.2 Collapse 1 1 7,500 0 5 6,594 3,017 500 75,425 164,850
NHO03 Pokhara- Baglung Phedi 1, Kaski PB40 28°17'15.70"N | 83°51'55.69"E | 1,137.9 Collapse 1 1 4,267 0 2 6,594 3,017 500 30,170 65,940
NHO03 Pokhara- Baglung Phedi 2, Kaski PB41 28°17'16.67"N | 83°51'59.56"E | 1,124.2 Collapse 1 1 5,867 0 5 6,594 3,017 500 75,425 164,850
NHO08 Pool Dada NHO08#1 27°16'5.33"N 87°12'38.20"E 276.7 Collapse 1 3 960 0 1 748 364 500 1,820 3,740
NHO08 Sano Akkare NHO8#2a | 27°13'51.29"N | 87°13'39.31"E 267.3 Collapse 1 2 805 0 1 746 364 500 1,820 3,730
NHO08 Sano Akkare NHO8#2b | 27°13'42.22"N | 87°13'44.00"E 249.4 Collapse 1 2 18,000 0 5 746 364 500 9,100 18,650
NHO08 Thulo Akkare NHO8#3a | 27°11'58.65"N | 87°14'31.34"E 2425 Collapse 2 233 0 1 746 364 500 1,820 3,730
NHO08 Thulo Akkare NHO8#3b | 27°11'52.33"N | 87°14'51.95"E 2327 Collapse 2 350 0 1 746 364 500 1,820 3,730
NHO08 Kewa Besi NHO8#4 27°11'4.37"N 87°15'33.02"E 2424 Collapse 2 1,500 0 1 746 364 500 1,820 3,730
NHO08 Dhankuta NHO8#5 | 26°25'40.69"N | 87°20'14.42"E 996.0 Collapse 1 2 200 0 1 746 364 500 1,820 3,730
NHO08 Dhodeni NHO8#6a | 26°57'33.31"N | 87°19'23.98"E 661.7 Collapse 2 1,833 0 1 2498 1126 500 5,630 12,490
NHO08 Dhodeni NHO8#6b | 26°57'32.36"N | 87°19'27.54"E 663.5 Collapse 2 1,833 0 1 2498 1126 500 5,630 12,490
NHO08 Dhodeni NHO08#7 26°51'9.98"N 87°17'55.39"E 759.2 Collapse 2 1,042 0 1 4056 1691 485 8,201 19,672
NHO08 Nisane Khola NHO8#8 | 26°50'54.96"N 87°18'1.38"E 688.6 Flow 1 4 8,000 0 10 4056 1691 485 82,014 196,716
NHO08 Piluwa Khola NHO8#9 | 27°12'58.80"N | 87°14'30.22"E 256.0 Collapse 2 2,083 0 1 746 364 500 1,820 3,730
NH25 Dumre-Besisahar-Chame 45+030 L8 28°15'14.20"N 84°22'6.93"E 756.0 Collapse 1 3 60,735 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 57+000 L9 28°19'17.29"N | 84°23'57.35"E 991.0 Collapse 2 61,439 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 58+000 L10 28°19'44.97"N | 84°23'54.81"E 953.0 Flow 2 125,000 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 58+880 L11 28°20'15.06"N | 84°23'50.65"E 972.0 Collapse 2 50,000 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 61+100 L12 28°21'10.98"N | 84°24'12.39"E | 1,049.0 Collapse 2 17,000 0 20 3,931 1,673 500 167,300 393,100
NH25 Dumre-Besisahar-Chame 63+500 L13 28°22'29.07"N 84°24'6.76"E 1,086.0 Collapse 2 39,600 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 72+500 L14 28°26'4.81"N 84°2331.62"E | 1,357.0 Collapse 1 3 18,250 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 80+900 L15 28°29'19.60"N | 84°21'55.40"E | 1,695.0 Collapse 2 5,865 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 83+600 L16 28°30'25.81"N | 84°21'27.51"E | 1,797.0 | Carriageway Collapse 2 5,000 1 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 85+400 L17 28°31'57.09"N | 84°20'44.91"E | 1,871.0 Collapse 1 2 17,767 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 88+200 L18 28°32'1.95"N 84°20'9.09"E 2,077.0 Collapse 2 1,461,500 0 10 3,931 1,673 500 83,650 196,550
NH25 Dumre-Besisahar-Chame 101+800 L19 28°33'3.07"N 84°15'18.11"E 2,599.0 Collapse 1 1 80,000 0 15 3,931 1,673 500 125,475 294,825
NH25 Dumre-Besisahar-Chame 62+500 L20 28°21'45.08"N 84°24'8.60"E 1,150.0 Collapse 2 12,500 0 20 3,931 1,673 500 167,300 393,100
NH25 Dumre-Besisahar-Chame 45+150 L21 28°15'23.26"N 84°22'0.56"E 776.0 Collapse 1 2 126,000 0 25 3,931 1,673 500 209,125 491,375
NH25 Dumre-Besisahar-Chame 32+800 L22 28°10'51.32"N 84°25'44.10"E 666.0 Collapse 1 2 58,067 0 10 3,931 1,673 500 83,650 196,550
NH34 Arniko Highway 114+100 |Liping Bridge AHO1 27°58'9.83"N 85°57'33.91"E | 1,677.1 Flow 2 3,750,000 0 20 1908 658 500 65,800 190,800
NH34 Arniko Highway 113+200 [Near Kodari AH02 27°57'38.05"N 85°57'24.34"E 1,576.0 Collapse 1 2 8,000 1 10 1908 658 500 32,900 95,400
NH34 Arniko Highway 111+600 |Koplang Subsidence area AHO03 27°57'33.50"N 85°57'25.46"E | 1,598.6 Collapse 1 1 3,500 1 2 1908 658 500 6,580 19,080
NH34 Arniko Highway 112+500 |Ghatte Khola AHO04 27°57'23.54"N | 85°57'15.92"E | 1,545.2 Flow 2 10,000 1 10 1908 658 500 32,900 95,400
NH34 Arniko Highway 110+300 |Damsite AHO05 27°56'24.46"N | 85°56'43.55"E | 1,417.4 Flow 2 45,500 1 30 1908 658 500 98,700 286,200
NH34 Arniko Highway 109+000 |Larcha Bridge AH06 27°55'55.60"N | 85°56'12.43"E | 1,357.9 Flow 2 166,667 1 25 1908 658 500 82,250 238,500
NH34 Arniko Highway Near Bhansar Bridge AHO07 27°55'42.65"N 85°56'9.72"E 1,359.8 Collapse 2 10,000 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway 105+300 [Hindi Area AH08 27°54'16.15"N 85°55'9.40"E 1,319.5 Landslide 1 1 20,000 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Hindi Area AH09 27°53'59.97"N 85°55'1.43"E 1,272.7 Collapse 1 1 1,250 0 2 1908 658 500 6,580 19,080
NH34 Arniko Highway Hindi Area AH10 27°53'58.58"N | 85°54'58.84"E | 1,279.6 Collapse 1 1 3,000 0 2 1908 658 500 6,580 19,080
NH34 Arniko Highway Daklang AH11 27°54'1.66"N 85°55'2.59"E 1,254.5 Collapse 1 2 5,700 0 10 1908 658 500 32,900 95,400
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NH34 Arniko Highway Near Kholsi AH12 27°53'47.46"N | 85°54'54.64"E | 1,250.6 Collapse 1 2 6,300 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway About 50m ahead Kholsi AH13 27°53'44.31"N | 85°54'54.22"E | 1,238.8 Collapse 1 2 11,000 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway Gully erosion+ Side bank erosion AH14 27°53'32.78"N | 85°54'52.93"E | 1,253.8 Collapse 1 2 13,300 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Chaku Khola AH15 27°52'57.52"N | 85°54'46.79"E | 1,172.9 Collapse 1 2 13,417 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway Another slide near Chaku Khola AH16 27°52'55.40"N | 85°54'41.33"E | 1,151.2 Collapse 2 17,158 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway Mahabhir AH17 27°52'38.68"N 85°54'3.69"E 1,150.6 Collapse 2 6,400 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway Side Gulkote Pahiro AH18 27°52'33.53"N | 85°53'53.97"E | 1,124.2 Collapse 1 4 7,200 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Bahrabise landslide AH19 27°47'9.76"N 85°53'58.80"E 818.4 Collapse 1 1 1,500,000 0 15 1908 658 500 49,350 143,100
NH34 Arniko Highway Main Gulkote Pahiro AH20 27°52'34.07"N | 85°53'51.59"E | 1,124.7 Collapse 1 2 166,667 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Near Hydro Camp AH21 27°50'35.77"N | 85°52'49.70"E 956.1 Collapse 1 4 35,000 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Balefi landslide AH22 27°43'46.96"N | 85°46'44.86"E 642.1 Collapse 1 3 37,500 0 10 4199 2233 226 50,466 94,897
NH34 Arniko Highway Wall Crack at Near Balefi Bazar AH23 27°44'4.57"N 85°46'56.93"E 650.3 Landslide 1 1 8,000 1 5 4199 2233 226 25,233 47,449
NH34 Arniko Highway Creeping at Near Balefi Bazar AH24 27°44'5.75"N 85°46'59.68"E 652.7 Landslide 1 2 21,000 1 5 4199 2233 226 25,233 47,449
NH34 Arniko Highway Jure landslide AH25 27°45'49.52"N | 85°52'26.04"E 787.9 Collapse 1 3 1,091,667 1 20 1908 658 500 65,800 190,800
NH34 Arniko Highway Subsidence area3 AH26 27°46'32.24"N | 85°53'17.65"E 837.3 Landslide 1 2 7,000 0 5 1908 658 500 16,450 47,700
NH34 Arniko Highway Subsidence area4 AH27 27°46'49.36"N | 85°53'34.09"E 837.3 Landslide 1 2 2,432,000 0 10 1908 658 500 32,900 95,400
NH34 Arniko Highway Subsidence area5 AH28 27°44'27.82"N 85°48'1.13"E 696.6 Collapse 2 26,667 0 5 4199 2233 226 25,233 47,449
NH34 Arniko Highway Subsidence areaé AH29 27°44'19.98"N | 85°47'53.57"E 698.4 Collapse 2 8,000 1 5 4199 2233 226 25,233 47,449
NH34 Arniko Highway Subsidence area7 AH30 27°44'14.26"N | 85°47'46.18"E 708.3 Collapse 2 3,150 1 1 4199 2233 226 5,047 9,490
NH34 Arniko Highway Chehere landslide AH31 27°40'28.37"N | 85°43'49.48"E 584.1 Collapse 2 333 0 2 4199 2233 226 10,093 18,979
NH34 Arniko Highway Simle AH32 27°39'35.42"N | 85°42'56.22"E 672.2 Collapse 2 2,333 0 1 4199 2233 226 5,047 9,490
NH34 Arniko Highway Near Dolalghat AH33 27°38'57.97"N 85°41'8.98"E 636.8 Collapse 2 5,167 0 5 4199 2233 226 25,233 47,449
NH34 Arniko Highway 37+500 |Dhulikhel Khawa AH34 27°37'51.86"N 85°36'8.36"E 1,052.8 Collapse 2 2,730 0 1 9495 5534 500 27,670 47,475
NH37 Kanti Highway 74+800 K1 27°33'26.06"N 85°18'5.56"E 1,726.0 Collapse 2 7,055 0 10 3914 2,307 152 35,070 59,493
NH37 Kanti Highway 72+800 K2 27°32'58.05"N | 85°17'50.96"E | 1,865.0 Collapse 2 12,125 0 10 3914 2,307 152 35,070 59,493
NH37 Kanti Highway 69+365 K3 27°31'46.08"N | 85°17'36.34"E | 1,925.0 Collapse 2 44,000 0 10 3914 2,307 152 35,070 59,493
NH37 Kanti Highway 66+565 K4 27°31'29.07"N | 85°17'11.65"E | 1,741.0 Collapse 2 142,497 0 10 3914 2,307 152 35,070 59,493
NH37 Kanti Highway 63+885 K5 27°30'30.29"N | 85°17'50.08"E | 1,568.0 Collapse 2 18,957 0 20 3914 2,307 152 70,140 118,986
NH37 Kanti Highway 61+627 K6 27°30'15.21"N | 85°17'45.26"E | 1,481.0 Collapse 2 58,320 0 5 3914 2,307 152 17,535 29,746
NH37 Kanti Highway 56+420 K7 27°29'27.25"N | 85°16'28.52"E | 1,177.0 Slide 1 2 21,900 0 20 3914 2,307 152 70,140 118,986
NH37 Kanti Highway 46+000 K8 27°28'3.27"N 85°15'12.61"E 934.0 Collapse 2 98,000 0 15 3131 1,846 152 42,081 71,387
NH37 Kanti Highway 42+000 K9 27°26'56.12"N | 85°14'24.21"E | 1,152.0 Slide 2 196,000 0 20 3131 1,846 152 56,108 95,182
NH37 Kanti Highway 36+300 K10 27°25'34.56"N 85°14'3.72"E 1,078.0 Collapse 2 9,960 0 10 3131 1,846 152 28,054 47,591
NH37 Kanti Highway 32+200 K11 27°25'42.70"N 85°13'6.13"E 850.0 Landslide 2 10,833 0 10 3131 1,846 152 28,054 47,591
NH37 Kanti Highway 25+700 K12 27°25'38.55"N | 85°12'10.07"E 944.0 Collapse 2 7,583 0 15 3131 1,846 152 42,081 71,387
NH37 Kanti Highway 25+500 K13 27°25'42.20"N | 85°11'54.15"E 981.0 Landslide 2 8,000 0 5 3131 1,846 152 14,027 23,796
NH41 Hetauda-Sim Bhanjyang 127+900 T1 27°27'45.74"N 85° 2'33.40"E 554.0 Landslide 1 2 1,583 0 2 5754 3038 154 9,357 17,722
NH41 Hetauda-Sim Bhanjyang 121+800 T2 27°30'12.88"N 85° 2'51.46"E 597.0 Collapse 2 1,144 0 1 5754 3038 154 4,679 8,861
NH41 Hetauda-Sim Bhanjyang 112+800 T3 27°31'59.79"N 85° 2'30.22"E 930.0 Collapse 1 1 1,500 0 1 5754 3038 154 4,679 8,861
NH41 Hetauda-Sim Bhanjyang 109+500 T4 27°32'6.43"N 85° 2'0.27"E 1,091.0 Landslide 2 5,500 0 5 5754 3038 154 23,393 44,306
NH41 Sim Bhanjyang - Plaung-Tistung [ 57+000 T5 27°39'35.22"N 85° 5'58.69"E 1,978.0 Collapse 2 20,000 0 5 748 354 74.7 1,322 2,794
NH41 Sim Bhanjyang - Plaung-Tistung [ 54+500 T6 27°40'17.16"N 85° 5'48.68"E 1,968.0 Collapse 2 480 0 2 748 354 74.7 529 1,118
NH41 Sim Bhanjyang - Plaung-Tistung [ 51+ 500 T7 27°40'53.28"N 85°5'1.79"E 1,814.0 Collapse 1 3 3,400 0 2 748 354 74.7 529 1,118
NH41 Palung - Tistung- Naubise 50+100 T8 27°41'12.26"N 85° 5'28.09"E 1,740.0 Collapse 1 2 1,250 1 1 748 354 74.7 264 559
NH41 Palung - Tistung- Naubise 44+200 T9 27°41'59.03"N 85°5'46.01"E 1,572.0 Collapse 2 5,250 1 5 748 354 74.7 1,322 2,794
NH41 Palung - Tistung- Naubise 31+500 T10 27°43'16.37"N 85° 6'47.35"E 1,111.0 Collapse 1 3 5,333 0 5 748 354 74.7 1,322 2,794
NH44 Narayanghat-Mugling 21+300 |[Dobhan (Seti & Trisuli) L1 27°49'9.80"N 84°27'14.20"E 238.0 Collapse 1 1 2,125 0 4 9,692 7,607 500 152,140 193,840
NH44 Narayanghat-Mugling 21+500 [Marui Bridge L2 27°49'3.74"N 84°27'46.35"E 232.0 Flow 1 1 25,000 0 25 9,692 7,607 500 950,875 1,211,500
NH44 Narayanghat-Mugling 15+100 (Bhangadi L3 27°46'50.94"N 84°26'16.75"E 199.0 Collapse 1 1 5,350 0 20 9,692 7,607 500 760,700 969,200
NH44 Narayanghat-Mugling 16+000 |Dasdhunga L4 27°47'50.91"N 84°25'54.00"E 209.0 Carriageway Collapse 1 3 820 0 4 9,692 7,607 500 152,140 193,840
NH44 Narayanghat-Mugling 20+000 |[Gaighat L5 27°48'43.06"N 84°26'1.59"E 200.0 Flow 1 2 200 0 3 9,692 7,607 500 114,105 145,380
NH44 Narayanghat-Mugling 26+500 L6 27°49'4.33"N 84°30'15.63"E 259.0 Carriageway Collapse 1 4 7,000 0 10 9,692 7,607 500 380,350 484,600
NH44 Narayanghat-Mugling 33+000 |[Nyanse River L7 27°49'50.46"N 84°32'48.64"E 255.0 Collapse 1 1 13,120 0 15 9,692 7,607 500 570,525 726,900
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NH44 Narayanghat-Mugling 33+500 |Tuin Khola L23 27°50'33.88"N 84°33'31.29"E 298.0 Collapse 2 11,117 0 5 9,692 7,607 500 190,175 242,300
NH44 Narayanghat-Mugling 32+500 |Kali Khola L24 27°49'59.47"N 84°33'8.11"E 262.0 Collapse 2 20,000 0 10 9,692 7,607 500 380,350 484,600
NH44 Narayanghat-Mugling 31+400 |Namshi khola L25 27°49'57.88"N 84°31'37.33”E 403.0 Collapse 1 3 5,600 0 20 9,692 7,607 500 760,700 969,200
NH44 Narayanghat-Mugling 33+800 |Tuin khola L26 27°50'08.55"N | 84°3323.41”E 336.0 Collapse 2 14,000 0 10 9,692 7,607 500 380,350 484,600
NH47 Siddhartha Highway Siddhababa area SHO1 27°43'29.58"N 83°28'9.51"E 201.5 Collapse 1 3 32,375 0 20 15,845 7,211 366 527,845 1,159,854
NH47 Siddhartha Highway Near Siddhababa area SHO02 27°44'28.89"N 83°27'52.39"E 215.0 Collapse 1 1 333 0 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 35+500 |Jhumsa ldsl SHO3 27°45'4.90"N 83°30'4.61"E 299.0 Collapse 1 2 18,012 1 30 15,845 7,211 366 791,768 1,739,781
NH47 Siddhartha Highway SHO4 27°45'9.95"N 83°30'24.90"E 331.2 Collapse 2 100 1 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 38+000 SHO05 27°45'14.78"N 83°30'48.88"E 371.0 Collapse 2 6,600 0 15 15,845 7,211 366 395,884 869,891
NH47 Siddhartha Highway 39+500 |Hiyeude khola SH06 27°46'2.50"N 83°31'16.94"E 452.3 Flow 1 4 20,833 0 25 15,845 7,211 366 659,807 1,449,818
NH47 Siddhartha Highway 39+600 |Near Hiyeude khola SHO7 27°46'0.80"N 83°31'21.43"E 475.0 Collapse 2 6,000 1 5 15,845 7,211 366 131,961 289,964
NH47 Siddhartha Highway Charchare SHO8 27°47'43.62"N 83°32'9.44"E 584.1 Carriageway Collapse 2 250 0 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 46+400 [Near Charchare SHO09 27°47'45.91"N 83°32'6.32"E 605.3 Collapse 2 8,400 0 5 15,845 7,211 366 131,961 289,964
NH47 Siddhartha Highway 48+600 [Near Dumre Bazar SH10 27°47'55.51"N 83°31'33.56"E 645.0 Collapse 2 15,000 0 20 15,845 7,211 366 527,845 1,159,854
NH47 Siddhartha Highway Dumre SH11 27°47'52.95"N 83°31'9.25"E 637.4 Collapse 2 1,600 0 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 49+800 |Lower Dumre SH12 27°48'1.78"N 83°30'56.25"E 635.6 Collapse 1 3 17,000 1 5 15,845 7,211 366 131,961 289,964
NH47 Siddhartha Highway 56+000 |5km down from Bartung Bazar SH13 27°51'4.55"N 83°33'22.24"E 960.6 Collapse 2 5,885 0 15 15,845 7,211 366 395,884 869,891
NH47 Siddhartha Highway 56+200 |4.8km down from Bartung Bazar SH14 27°51'6.90"N 83°33'17.09"E 960.1 Collapse 1 1 9,333 1 15 15,845 7,211 366 395,884 869,891
NH47 Siddhartha Highway Aryabhanjyang SH15 27°51'6.16"N 83°36'48.65"E 1,053.5 Collapse 2 400 0 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway Near Aryabhanjyang(towards Walin)| ~ SH16 27°50'58.87"N | 83°37'32.34"E | 1,048.7 Collapse 2 50 0 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 100m down Aryabhanjyang SH17 27°51'0.50"N 83°38'1.05"E 975.9 Collapse 2 105 1 1 15,845 7,211 366 26,392 57,993
NH47 Siddhartha Highway 87+400 |Ramdi-1 SH18 27°54'10.61"N 83°38'3.31"E 429.9 Landslide 2 20,000 1 15 15,845 7,211 366 395,884 869,891
NH47 Siddhartha Highway On the way to Palpa from Butwal SH19 27°51'20.09"N 83°38'13.48"E 813.0 Collapse 2 67 0 1 2,370 1,242 500 6,210 11,850
NH47 Siddhartha Highway Kerabari SH20 27°46'2.79"N 83°31'38.17"E 494.1 Flow 2 81,667 0 10 2,370 1,242 500 62,100 118,500
NH47 Siddhartha Highway Siddhababa area SH21 27°44'15.26"N 83°27'54.51"E 228.0 Collapse 2 7,200 0 15 2,370 1,242 82 15,202 29,009
NH47 Siddhartha Highway Siddhababa area SH22 27°44'19.33"N 83°27'53.65"E 247.1 Collapse 1 1 300 0 2 2,370 1,242 82 2,027 3,868
NH47 Siddhartha Highway Dovan landslide SH23 27°44'45.50"N 83°27'48.86"E 257.8 Collapse 1 1 200 0 1 2,370 1,242 82 1,013 1,934
NH47 Siddhartha Highway Erosion SH24 27°45'14.78"N 83°30'25.57"E 900.8 Flow 1 1 1,000 0 6 2,370 1,242 82 6,081 11,604
NH47 Siddhartha Highway Birauta SH25 27°51'15.85"N 83°37'58.46"E 813.0 Collapse 2 2,133 1 1 2,370 1,242 82 1,013 1,934
NH47 Siddhartha Highway Way to Ramdil SH26 27°52'33.20"N 83°38'41.40"E 884.3 Collapse 1 2 9,160 0 10 2,370 1,242 82 10,135 19,339
NH47 Siddhartha Highway Way to Ramdi2 SH27 27°52'50.16"N 83°38'37.57"E 542.3 Flow 1 2 5,000 0 10 2,370 1,242 82 10,135 19,339
NH47 Siddhartha Highway Near Ramdi landslide SH28 27°54'0.82"N 83°37'52.49"E 507.5 Collapse 1 1 1,380 0 5 3,277 1,591 390 31,025 63,902
NH47 Siddhartha Highway Kaligandaki SH29 27°54'15.63"N 83°39'0.61"E 345.4 Collapse 1 3 1,020 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 46 SH30 27°54'33.76"N 83°39'20.80"E 382.4 Flow 1 2 6,000 1 5 3,277 1,591 390 31,025 63,902
NH47 Siddhartha Highway Mark 47 SH31 27°55'22.51"N 83°39'3.51"E 459.7 Collapse 2 123 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 48 SH32 27°55'41.41"N 83°39'13.52"E 524.2 Collapse 2 300 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 49 SH33 27°55'39.56"N 83°39'44.03"E 737.6 Collapse 1 1 1,140 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 50 SH34 27°57'0.49"N 83°41'14.24"E 679.8 Collapse 1 2 2,333 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 51 SH35 27°57'16.08"N 83°42'35.81"E 731.1 Collapse 2 368 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 52 SH36 27°57'14.32"N 83°42'31.00"E 726.2 Collapse 2 800 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 53 (Towards Walin from Butwj  SH37 27°58'19.94"N 83°43'1.48"E 734.9 Collapse 1 1 7,482 0 2 3,277 1,591 390 12,410 25,561
NH47 Siddhartha Highway Mark 54 SH38 27°58'23.13"N 83°43'22.46"E 721.7 Collapse 2 480 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 55 SH39 27°58'22.25"N 83°4322.74"E 682.3 Collapse 1 1 331 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 56 SH40 27°58'21.99"N 83°43'24.33"E 684.7 Collapse 1 1 27 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 57 SH41 27°58'19.75"N 83°4327.70"E 686.9 Collapse 2 250 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 58 SH42 27°58'17.30"N 83°43'34.40"E 689.3 Collapse 2 3,088 0 2 3,277 1,591 390 12,410 25,561
NH47 Siddhartha Highway Mark 59 (Towards Walin from Butw] ~ SH43 27°58'18.23"N 83°44'20.08"E 687.9 Collapse 1 1 2,467 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 61 (Towards Walin from Butwi]  SH44 27°58'18.99"N 83°44'37.81"E 706.7 Collapse 2 35,500 0 10 3,277 1,591 390 62,049 127,803
NH47 Siddhartha Highway Mark 62 SH45 27°59'6.35"N 83°45'57.95"E 706.2 Collapse 1 1 3,533 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 63 SH46 27°59'16.15"N 83°46'26.77"E 679.6 Collapse 2 3,750 0 1 3,277 1,591 390 6,205 12,780
NH47 Siddhartha Highway Mark 65 SH47 27°59'42.96"N 83°46'50.78"E 687.0 Collapse 2 1,500 0 1 3,277 1,591 320 5,091 10,486
NH47 Siddhartha Highway Mark 66 SH48 27°59'54.04"N 83°47'1.34"E 708.1 Collapse 2 1,100 0 1 3,277 1,591 320 5,091 10,486
NH47 Siddhartha Highway Mark 67 SH49 28°0'6.28"N 83°46'55.13"E 696.9 Collapse 1 2 17,500 0 10 3,277 1,591 320 50,912 104,864




Annex A-1. List of 216 sites

Landslide Sites

Type of Existing Presence or Absence of Annual
Existing Engineering Measures Sediment Disposal on Exceedance AADT
GPS Coordinate (WGS84) and Elevation i i istori i ili
ol Type of Engineering B Historical Fallure the Slope above the Probability AADT excl. Detour_ Road Risk Index  AADTemc Risk Index  AADT
Nationa Inventory Landslid Measures 1= Masonry Volume V= Road Damage to the | (2021/22 MC, Sections (2021/22 2021/22
Highway Road Section Chainage Location Name/Description No: andslide 2=Gabion L1*W1*D1/3 Whole Road ) Rickshaws (km) ) ( )
Code ' Latitude Longitude Elevation 1=Y, 2=N 3=Concrete wall 1=Presence, Width (2021/22)
(North) (East) (m) 4=0thers 0=Absence (Yolyear)
AAEP AADT | AADTemc DR =AAEP*AADTemc*DR|=AAEP*AADT*DR
NH47 Siddhartha Highway Mark 70 (the way to Pokhara from Sy~ SH50 28° 7'36.94"N 83°52'4.03"E 959.4 Collapse 1 1 10,200 0 10 3,277 1,591 320 50,912 104,864
NH47 Siddhartha Highway Mark 71 SH51 28° 7'40.36"N 83°51'59.08"E 971.0 Collapse 1 1 1,837 0 3 3,277 1,591 320 15,274 31,459
NH47 Siddhartha Highway Mark 72(Bhalupahad) SH52 28°826.33"N 83°51'43.70"E 973.2 Collapse 2 1,333 0 2 3,277 1,591 320 10,182 20,973
NH47 Siddhartha Highway Mark 73(Bhalupahad) SH53 28°828.07"N 83°51'43.20"E 983.6 Collapse 2 6,160 0 5 3,277 1,591 320 25,456 52,432
NH47 Siddhartha Highway Mark 74(Bhalupahad) SH54 28°829.39"N 83°51'42.89"E 979.0 Collapse 2 5,200 0 15 3,277 1,591 320 76,368 157,296
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1 NH44 Narayanghat-Mugling 21+500 [Mauri Bridge L2 27°49'3.74"N 84°27'46.35"E 232.0 Flow 1 1 25,000 0 25 9,692 7,607 500 950,875 1,211,500
2 NH47 Siddhartha Highway 35+500 [Jhumsa SHO3 27°45'4.90"N 83°30'4.61"E 299.0 Slide 1 2 18,012 1 30 15,845 7,211 366 791,768 1,739,781
3 NH44 Narayanghat-Mugling 15+100 |Bhangadi L3 27°46'50.94"N 84°26'16.75"E 199.0 Collapse 1 1 5,350 0 20 9,692 7,607 500 760,700 969,200
4 NH44 Narayanghat-Mugling 31+400 [Namshi khola L25 27°49'57.88"N 84°31'37.33"E 403.0 Collapse 1 3 5,600 0 20 9,692 7,607 500 760,700 969,200
5 NH47 Siddhartha Highway 39+500 |Hiyeude khola SHO6 27°46'2.50"N 83°31'16.94"E 452.3 Flow 1 4 20,833 0 25 15,845 7,211 366 659,807 1,449,818
6 NH44 Narayanghat-Mugling 33+000 [Nyanse River L7 27°49'50.46"N 84°32'48.64"E 255.0 Collapse 1 1 13,120 0 15 9,692 7,607 500 570,525 726,900
7 NH47 Siddhartha Highway Siddhababa area SHO1 27°43'29.58"N 83°28'9.51"E 201.5 Collapse 1 3 32,375 0 20 15,845 7,211 366 527,845 1,159,854
8 NH47 Siddhartha Highway 48+600 [Near Dumre Bazar SH10 27°47'55.51"N 83°31'33.56"E 645.0 Collapse 2 15,000 0 20 15,845 7,211 366 527,845 1,159,854
9 NH47 Siddhartha Highway 38+000 SHO5 27°45'14.78"N 83°30'48.88"E 371.0 Collapse 2 6,600 0 15 15,845 7,211 366 395,884 869,891
10 NH47 Siddhartha Highway 56+000 [5km down from Bartung Bazar SH13 27°51'4.55"N 83°33'22.24"E 960.6 Slide 2 5,885 0 15 15,845 7,211 366 395,884 869,891
11 NH47 Siddhartha Highway 56+200 |4.8km down from Bartung Bazar SH14 27°51'6.90"N 83°33'17.09"E 960.1 Slide 1 1 9,333 1 15 15,845 7,211 366 395,884 869,891
12 NH47 Siddhartha Highway 87+400 [Ramdi -1 SH18 27°54'10.61"N 83°38'3.31"E 429.9 Collapse 2 20,000 1 15 15,845 7,211 366 395,884 869,891
13 NH44 Narayanghat-Mugling 26+500 L6 27°49'4.33"N 84°30'15.63"E 259.0 Carriageway Collapse 1 4 7,000 0 10 9,692 7,607 500 380,350 484,600
14 NH44 Narayanghat-Mugling 32+500 ([Kali Khola L24 27°49'59.47"N 84°338.11"E 262.0 Collapse 2 20,000 0 10 9,692 7,607 500 380,350 484,600
15 NH44 Narayanghat-Mugling 33+800 |Tuin khola L26 27°50'08.55"N 84°33'23.41”E 336.0 Collapse 2 14,000 0 10 9,692 7,607 500 380,350 484,600
16 NH25 Dumre-Besisahar-Chame 45+150 L21 28°15'23.26"N 84°22'0.56"E 776.0 Collapse 1 2 126,000 0 25 3,931 1,673 500 209,125 491,375
17 NH44 Narayanghat-Mugling 33+500 (Tuin Khola L23 27°50'33.88"N 84°33'31.29"E 298.0 Collapse 2 11,117 0 5 9,692 7,607 500 190,175 242,300
18 NH25 Dumre-Besisahar-Chame 61+100 L12 28°21'10.98"N 84°24'12.39"E 1,049.0 Collapse 2 17,000 0 20 3,931 1,673 500 167,300 393,100
19 NH25 Dumre-Besisahar-Chame 62+500 L20 28°21'45.08"N 84°24'8.60"E 1,150.0 Collapse 2 12,500 0 20 3,931 1,673 500 167,300 393,100
20 NHO03 Pokhara- Baglung 58+700 [Nayapool Flow, Kushma PB03 28°14'43.96"N 83°38'14.98"E 692.9 Flow 1 2 87,780 1 20 2,819 1,597 500 159,700 281,900
21 NHO03 Pokhara- Baglung 57+400 |Armadi 1, Kushma PB04 28°14'24.47"N 83°38'47.42"E 721.0 Collapse 2 1,085 1 20 2,819 1,597 500 159,700 281,900
22 NHO03 Pokhara- Baglung 52+500 [Damdare khola, Kushuma PB11 28°13'43.64"N 83°40'38.53"E 868.4 Flow 1 2 31,680 1 20 2,819 1,597 500 159,700 281,900
23 NH44 Narayanghat-Mugling 21+300 |Dobhan (Seti & Trisuli) L1 27°49'9.80"N 84°27'14.20"E 238.0 Collapse 1 1 2,125 0 4 9,692 7,607 500 152,140 193,840
24 NH44 Narayanghat-Mugling 16+000 |Dasdhunga L4 27°47'50.91"N 84°25'54.00"E 209.0 Carriageway Collapse 1 3 820 0 4 9,692 7,607 500 152,140 193,840
25 NHO03 Pokhara- Baglung 37+900 |[Nayapool 4, Kaski PB36 28°18'6.86"N 83°46'43.31"E 1,273.2 Slide 1 2 125,000 0 10 6,594 3,017 500 150,850 329,700
26 NHO03 Pokhara- Baglung 36+400 [Nayapool 5, Kaski PB37 28°18'5.30"N 83°47'4.31"E 1,625.4 Slide 2 40,000 0 10 6,594 3,017 500 150,850 329,700
27 NHO03 Pokhara- Baglung 26+200 |Pandung, Kaski PB38 28°17'9.04"N 83°49'590.17"E 1,610.0 Slide 2 1,350,000 0 10 6,594 3,017 500 150,850 329,700
28 NH47 Siddhartha Highway 39+600 [Near Hiyeude khola SHO7 27°46'0.80"N 83°31'21.43"E 475.0 Collapse 2 6,000 1 5 15,845 7,211 366 131,961 289,964
29 NH47 Siddhartha Highway 46+400 |Near Charchare SHO9 27°47'45.91"N 83°32'6.32"E 605.3 Collapse 2 8,400 0 5 15,845 7,211 366 131,961 289,964
30 NH47 Siddhartha Highway 49+800 [Lower Dumre SH12 27°48'1.78"N 83°30'56.25"E 635.6 Slide 1 3 17,000 1 5 15,845 7,211 366 131,961 289,964
31 NH25 Dumre-Besisahar-Chame 101+800 L19 28°33'3.07"N 84°15'18.11"E 2,599.0 Collapse 1 1 80,000 0 15 3,931 1,673 500 125,475 294,825
32 NHO03 Pokhara- Baglung 58+700 [Saharshadhara 2, Kushhma PB02 28°14'51.04"N 83°38'0.61"E 684.7 Collapse 1 1 14,405 1 15 2,819 1,597 500 119,775 211,425
33 NHO03 Pokhara- Baglung 51+500 |(Paradi Slide, Kushma PB21 28°14'20.24"N 83°42'39.22"E 744.8 Collapse 1 2 66,667 0 15 2,819 1,597 500 119,775 211,425
34 NH44 Narayanghat-Mugling 20+000 |[Gaighat L5 27°48'43.06"N 84°26'1.59"E 200.0 Flow 1 2 200 0 3 9,692 7,607 500 114,105 145,380
35 NH34 Araniko Highway 110+300 [Damsite AHO05 27°56'24.46"N 85°56'43.55"E 1,417.4 Flow 2 45,500 1 30 1908 658 500 98,700 286,200
36 NHO02 Golkharka-Rajduwali NHO02#5 26°53'4.7"N 87°55'34.75"E 502.6 Slide 1 4 750,000 1 10 3531 1,825 500 91,250 176,550
37 NHO02 Kanchhi Dokan NH02#1 27°5'24.07"N 87°47'23.46"E 2,202.6 Flow 2 7,575 1 15 2523 1,145 500 85,875 189,225
38 NHO02 Pangre ko bhir NH02#3 27°3'2.62"N 87°48'43.84"E 2,127.9 Collapse 2 13,650 0 15 2523 1,145 500 85,875 189,225
39 NH25 Dumre-Besisahar-Chame 45+030 L8 28°15'14.20"N 84°22'6.93"E 756.0 Collapse 1 3 60,735 0 10 3,931 1,673 500 83,650 196,550
40 NH25 Dumre-Besisahar-Chame 57+000 L9 28°19'17.29"N 84°23'57.35"E 991.0 Collapse 2 61,439 0 10 3,931 1,673 500 83,650 196,550
41 NH25 Dumre-Besisahar-Chame 58+000 L10 28°19'44.97"N 84°23'54.81"E 953.0 Flow 2 125,000 0 10 3,931 1,673 500 83,650 196,550
42 NH25 Dumre-Besisahar-Chame 58+880 L11 28°20'15.06"N 84°23'50.65"E 972.0 Collapse 2 50,000 0 10 3,931 1,673 500 83,650 196,550
43 NH25 Dumre-Besisahar-Chame 63+500 L13 28°22'29.07"N 84°24'6.76"E 1,086.0 Collapse 2 39,600 0 10 3,931 1,673 500 83,650 196,550
44 NH25 Dumre-Besisahar-Chame 72+500 L14 28°26'4.81"N 84°23'31.62"E 1,357.0 Collapse 1 3 18,250 0 10 3,931 1,673 500 83,650 196,550
45 NH25 Dumre-Besisahar-Chame 80+900 L15 28°29'19.60"N 84°21'55.40"E 1,695.0 Collapse 2 5,865 0 10 3,931 1,673 500 83,650 196,550
46 NH25 Dumre-Besisahar-Chame 83+600 L16 28°30'25.81"N 84°21'27.51"E 1,797.0 Carriageway Collapse 2 5,000 1 10 3,931 1,673 500 83,650 196,550
47 NH25 Dumre-Besisahar-Chame 85+400 L17 28°31'57.09"N 84°20'44.91"E 1,871.0 Collapse 1 2 17,767 0 10 3,931 1,673 500 83,650 196,550
48 NH25 Dumre-Besisahar-Chame 88+200 L18 28°32'1.95"N 84°20'9.09"E 2,077.0 Collapse 2 1,461,500 0 10 3,931 1,673 500 83,650 196,550
49 NH25 Dumre-Besisahar-Chame 32+800 L22 28°10'51.32"N 84°25'44.10"E 666.0 Collapse 1 2 58,067 0 10 3,931 1,673 500 83,650 196,550
50 NH34 Arniko Highway 109+000 |Larcha Bridge AH06 27°55'55.60"N 85°56'12.43"E 1,357.9 Flow 2 166,667 1 25 1908 658 500 82,250 238,500
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51 NHO08 Nisane Khola NHO08#8 | 26°50'54.96"N 87°18'1.38"E 688.6 Flow 1 4 8,000 0 10 4056 1691 485 82,014 196,716
52 NHO03 Pokhara- Baglung 58+700 |Saharshadhara 1, Kushma PBO1 28°14'49.80"N 83°38'4.75"E 699.6 Collapse 1 1 5,918 0 10 2,819 1,597 500 79,850 140,950
53 NHO03 Pokhara- Baglung Damadi khola, Kushma PB18 28°13'33.68"N | 83°41'48.98"E 848.3 Flow 1 2 18,667 1 10 2,819 1,597 500 79,850 140,950
54 NHO03 Pokhara- Baglung Sundare khola, Kushma PB23 28°14'2.95"N 83°42'35.63"E 761.3 Flow 1 2 16,973 1 10 2,819 1,597 500 79,850 140,950
55 NHO03 Pokhara- Baglung Near Modi Khola Bridge, Kushma PB30 28°16'25.71"N | 83°44'29.40"E 885.8 Collapse 2 8,880 0 10 2,819 1,597 500 79,850 140,950
56 NHO03 Pokhara- Baglung Dinuwa, Kushma PB31 28°16'43.12"N | 83°44'50.49"E 851.2 Collapse 2 8,250 0 10 2,819 1,597 500 79,850 140,950
57 NHO03 Pokhara- Baglung Dinuwa (Mahabhir), Kushma PB32 28°16'43.03"N | 83°44'54.62"E 867.9 Collapse 2 5,333 0 10 2,819 1,597 500 79,850 140,950
58 NH47 Siddhartha Highway Mark 74(Bhalupahad) SH54 28°829.39"N 83°51'42.89"E 979.0 Collapse 2 5,200 0 15 3,277 1,591 320 76,368 157,296
59 NHO03 Pokhara- Baglung 41+700 |Nayapool 1, Kaski PB33 28°17'55.04"N | 83°46'17.26"E | 1,047.2 Slide 1 2 47,667 0 5 6,594 3,017 500 75,425 164,850
60 NHO03 Pokhara- Baglung Ghattekhola Slide, Kaski PB39 28°17'12.83"N | 83°51'39.70"E | 1,172.2 Collapse 1 1 7,500 0 5 6,594 3,017 500 75,425 164,850
61 NHO03 Pokhara- Baglung Phedi 2, Kaski PB41 28°17'16.67"N | 83°51'59.56"E | 1,124.2 Collapse 1 1 5,867 0 5 6,594 3,017 500 75,425 164,850
62 NH37 Kanti Highway 63+885 K5 27°30'30.29"N | 85°17'50.08"E | 1,568.0 Collapse 2 18,957 0 20 3914 2,307 152 70,140 118,986
63 NH37 Kanti Highway 56+420 K7 27°2927.25"N | 85°16'28.52"E | 1,177.0 Slide 1 2 21,900 0 20 3914 2,307 152 70,140 118,986
64 NH34 Arniko Highway 114+100 |Liping Bridge AHO1 27°58'9.83"N 85°57'33.91"E | 1,677.1 Flow 2 3,750,000 0 20 1908 658 500 65,800 190,800
65 NH34 Arniko Highway Jure Slide AH25 27°45'49.52"N | 85°52'26.04"E 787.9 Collapse 1 3 1,091,667 1 20 1908 658 500 65,800 190,800
66 NH47 Siddhartha Highway Kerabari SH20 27°46'2.79"N 83°31'38.17"E 494.1 Flow 2 81,667 0 10 2,370 1,242 500 62,100 118,500
67 NH47 Siddhartha Highway Mark 61 (Towards Walin from Butwal) SH44 27°58'18.99"N | 83°44'37.81"E 706.7 Collapse 2 35,500 0 10 3,277 1,591 390 62,049 127,803
68 NH37 Kanti Highway 42+000 K9 27°26'56.12"N | 85°14'24.21"E | 1,152.0 Slide 2 196,000 0 20 3131 1,846 152 56,108 95,182
69 NH47 Siddhartha Highway Mark 67 SH49 28°0'6.28"N 83°46'55.13"E 696.9 Collapse 1 2 17,500 0 10 3131 1,591 320 50,912 100,192
70 NH47 Siddhartha Highway Mark 70 (the way to Pokhara from Syangja)] ~ SH50 28° 7'36.94"N 83°52'4.03"E 959.4 Collapse 1 1 10,200 0 10 3,277 1,591 320 50,912 104,864
71 NH34 Arniko Highway Balefi Slide AH22 27°43'46.96"N | 85°46'44.86"E 642.1 Collapse 1 3 37,500 0 10 4199 2233 226 50,466 94,897
72 NH34 Arniko Highway Bahrabise Slide AH19 27°47'9.76"N 85°53'58.80"E 818.4 Collapse 1 1 1,500,000 0 15 1908 658 500 49,350 143,100
73 NH37 Kanti Highway 46+000 K8 27°2833.27"N 85°15'12.61"E 934.0 Collapse 2 98,000 0 15 3131 1,846 152 42,081 71,387
74 NH37 Kanti Highway 25+700 K12 27°25'38.55"N 85°12'10.07"E 944.0 Collapse 2 7,583 0 15 3131 1,846 152 42,081 71,387
75 NHO03 Pokhara- Baglung 53+400 [Gupteshwor Campus area, Kushuma PB10 28°13'58.19"N 83°40'11.35"E 847.3 Carriageway Collapse 1 2 10,400 1 5 2,819 1,597 500 39,925 70,475
76 NHO03 Pokhara- Baglung Near Sundare khola, Kushma PB17 28°13'57.45"N 83°42'41.16"E 760.0 Collapse 1 1 7,200 0 5 2,819 1,597 500 39,925 70,475
77 NHO03 Pokhara- Baglung Near Sundare khola, Kushma PB24 28°13'57.72"N | 83°42'41.03"E 782.0 Collapse 1 1 9,000 0 5 2,819 1,597 500 39,925 70,475
78 NHO03 Pokhara- Baglung Near Sundare khola, Kushma PB25 28°13'55.71"N 83°42'41.23"E 768.0 Collapse 1 1 5,500 0 5 2,819 1,597 500 39,925 70,475
79 NHO03 Pokhara- Baglung Ambot Slide, Kushma PB26 28°15'38.75"N | 83°43'13.93"E 782.7 Collapse 1 2 6,750 0 5 2,819 1,597 500 39,925 70,475
80 NHO03 Pokhara- Baglung Near lasting resort, Kushma PB27 28°15'49.73"N 83°43'38.68"E 795.3 Collapse 1 2 5,600 0 5 2,819 1,597 500 39,925 70,475
81 NHO03 Pokhara- Baglung Patichaur, Kushma PB29 28°16'23.85"N | 83°44'28.34"E 8515 Collapse 2 5,400 0 5 2,819 1,597 500 39,925 70,475
82 NH37 Kanti Highway 74+800 K1 27°33'26.06"N 85°18'5.56"E 1,726.0 Collapse 2 7,055 0 10 3914 2,307 152 35,070 59,493
83 NH37 Kanti Highway 72+800 K2 27°32'58.05"N | 85°17'50.96"E | 1,865.0 Collapse 2 12,125 0 10 3914 2,307 152 35,070 59,493
84 NH37 Kanti Highway 69+365 K3 27°31'46.08"N | 85°17'36.34"E | 1,925.0 Collapse 2 44,000 0 10 3914 2,307 152 35,070 59,493
85 NH37 Kanti Highway 66+565 K4 27°31'29.07"N | 85°17'11.65"E | 1,741.0 Collapse 2 142,497 0 10 3914 2,307 152 35,070 59,493
86 NH34 Arniko Highway 113+200 |Near Kodari AHO02 27°57'38.05"N | 85°57'24.34"E | 1,576.0 Collapse 1 2 8,000 1 10 1908 658 500 32,900 95,400
87 NH34 Arniko Highway 112+500 |Ghatte Khola AHO04 27°57'23.54"N | 85°57'15.92"E | 1,545.2 Flow 2 10,000 1 10 1908 658 500 32,900 95,400
88 NH34 Arniko Highway Near Bhansar Bridge AHO07 27°55'42.65"N 85°56'9.72"E 1,359.8 Collapse 2 10,000 0 10 1908 658 500 32,900 95,400
89 NH34 Arniko Highway Daklang AH11 27°54'1.66"N 85°55'2.59"E 1,254.5 Collapse 1 2 5,700 0 10 1908 658 500 32,900 95,400
90 NH34 Arniko Highway Near Kholsi AH12 27°53'47.46"N 85°54'54.64"E 1,250.6 Collapse 1 2 6,300 0 10 1908 658 500 32,900 95,400
91 NH34 Arniko Highway About 50m ahead Kholsi AH13 27°53'44.31"N | 85°54'54.22"E | 1,238.8 Collapse 1 2 11,000 0 10 1908 658 500 32,900 95,400
92 NH34 Armiko Highway Chaku Khola AH15 27°52'57.52"N | 85°54'46.79"E | 1,172.9 Collapse 1 2 13,417 0 10 1908 658 500 32,900 95,400
93 NH34 Arniko Highway Another slide near Chaku Khola AH16 27°52'55.40"N | 85°54'41.33"E | 1,151.2 Collapse 2 17,158 0 10 1908 658 500 32,900 95,400
94 NH34 Armiko Highway Mahabhir AH17 27°52'38.68"N 85°54'3.69"E 1,150.6 Collapse 2 6,400 0 10 1908 658 500 32,900 95,400
95 NH34 Arniko Highway Subsidence area4 AH27 27°46'49.36"N | 85°53'34.09"E 837.3 Slide 1 2 2,432,000 0 10 1908 658 500 32,900 95,400
96 NH47 Siddhartha Highway Near Ramdi Slide SH28 27°54'0.82"N 83°37'52.49"E 507.5 Collapse 1 1 1,380 0 5 3,277 1,591 390 31,025 63,902
97 NH47 Siddhartha Highway Mark 46 SH30 27°54'33.76"N | 83°39'20.80"E 3824 Flow 1 2 6,000 1 5 3,277 1,591 390 31,025 63,902
98 NH03 Pokhara- Baglung 41+600 |Nayapool 2, Kaski PB34 28°17'51.98"N | 83°46'27.67"E | 1,231.2 | Carriageway Collapse 2 4,800 0 2 6,594 3,017 500 30,170 65,940
99 NHO03 Pokhara- Baglung 38+000 |Nayapool 3, Kaski PB35 28°18'5.21"N 83°46'52.09"E | 1,233.8 | Carriageway Collapse 1 2 1,500 0 2 6,594 3,017 500 30,170 65,940
100 NH03 Pokhara- Baglung Phedi 1, Kaski PB40 28°17'15.70"N | 83°51'55.69"E | 1,137.9 Collapse 1 1 4,267 0 2 6,594 3,017 500 30,170 65,940
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101 NH37 Kanti Highway 36+300 K10 27°25'34.56"N 85°14'3.72"E 1,078.0 Collapse 2 9,960 0 10 3131 1,846 152 28,054 47,591
102 NH37 Kanti Highway 32+200 K11 27°25'42.70"N 85°13'6.13"E 850.0 Slide 2 10,833 0 10 3131 1,846 152 28,054 47,591
103 NH34 Arniko Highway 374500 |Dhulikhel Khawa AH34 27°37'51.86"N 85°36'8.36"E 1,052.8 Collapse 2 2,730 0 1 9495 5534 500 27,670 47,475
104 NH47 Siddhartha Highway Near Siddhababa area SH02 27°44'28.89"N | 83°27'52.39"E 215.0 Collapse 1 1 333 0 1 15,845 7,211 366 26,392 57,993
105 NH47 Siddhartha Highway SHo04 27°45'9.95"N 83°30'24.90"E 331.2 Collapse 2 100 1 1 15,845 7,211 366 26,392 57,993
106 NH47 Siddhartha Highway Charchare SH08 27°47'43.62"N 83°32'9.44"E 584.1 Carriageway Collapse 2 250 0 1 15,845 7,211 366 26,392 57,993
107 NH47 Siddhartha Highway Dumre SH11 27°47'52.95"N 83°31'9.25"E 637.4 Collapse 2 1,600 0 1 15,845 7,211 366 26,392 57,993
108 NH47 Siddhartha Highway Aryabhanjyang SH15 27°51'6.16"N 83°36'48.65"E | 1,053.5 Collapse 2 400 0 1 15,845 7,211 366 26,392 57,993
109 NH47 Siddhartha Highway Near Aryabhanjyang(towards Walin) SH16 27°50'58.87"N 83°37'32.34"E 1,048.7 Collapse 2 50 0 1 15,845 7,211 366 26,392 57,993
110 NH47 Siddhartha Highway 100m down Aryabhanjyang SH17 27°51'0.50"N 83°38'1.05"E 975.9 Collapse 2 105 1 1 15,845 7,211 366 26,392 57,993
111 NH47 Siddhartha Highway Mark 73(Bhalupahad) SH53 28°828.07"N 83°51'43.20"E 983.6 Collapse 2 6,160 0 5 3,277 1,591 320 25,456 52,432
112 NH34 Arniko Highway Wall Crack at Near Balefi Bazar AH23 27°44'4.57"N 85°46'56.93"E 650.3 Slide 1 1 8,000 1 5 4199 2233 226 25,233 47,449
113 NH34 Arniko Highway Creeping at Near Balefi Bazar AH24 27°44'5.75"N 85°46'59.68"E 652.7 Slide 1 2 21,000 1 5 4199 2233 226 25,233 47,449
114 NH34 Arniko Highway Subsidence area5 AH28 27°44'27.82"N 85°48'1.13"E 696.6 Collapse 2 26,667 0 5 4199 2233 226 25,233 47,449
115 NH34 Arniko Highway Subsidence area6 AH29 27°44'19.98"N | 85°47'53.57"E 698.4 Collapse 2 8,000 1 5 4199 2233 226 25,233 47,449
116 NH34 Arniko Highway Near Dolalghat AH33 27°38'57.97"N 85°41'8.98"E 636.8 Collapse 2 5,167 0 5 4199 2233 226 25,233 47,449
117 NHO03 Pokhara- Baglung 53+400 [Gupteshwor Campus area, Kushuma PBO09 28°13'59.73"N 83°40'12.38"E 857.1 Carriageway Collapse 1 1 800 0 3 2,819 1,597 500 23,955 42,285
118 NH41 Hetauda-Sim Bhanjyang 109+500 T4 27°32'6.43"N 85°2'9.27"E 1,091.0 Slide 2 5,500 0 5 5754 3038 154 23,393 44,306
119 NH37 Kanti Highway 61+627 K6 27°30'15.21"N | 85°17'45.26"E | 1,481.0 Collapse 2 58,320 0 5 3914 2,307 152 17,535 29,746
120 NH02 Dhapartar NHO02#4 27°2'15.00"N 87°50'15.93"E | 2,107.5 Collapse 2 2,100 0 3 2523 1,145 500 17,175 37,845
121 NH34 Arniko Highway 105+300 ([Hindi Area AHO08 27°54'16.15"N 85°55'0.40"E 1,319.5 Slide 1 1 20,000 0 5 1908 658 500 16,450 47,700
122 NH34 Arniko Highway Gully erosion+ Side bank erosion AH14 27°53'32.78"N 85°54'52.93"E 1,253.8 Collapse 1 2 13,300 0 5 1908 658 500 16,450 47,700
123 NH34 Arniko Highway Side Gulkote Pahiro AH18 27°52'33.53"N | 85°53'53.97"E | 1,124.2 Collapse 1 4 7,200 0 5 1908 658 500 16,450 47,700
124 NH34 Arniko Highway Main Gulkote Pahiro AH20 27°52'34.07"N 85°53'51.59"E 1,124.7 Collapse 1 2 166,667 0 5 1908 658 500 16,450 47,700
125 NH34 Arniko Highway Near Hydro Camp AH21 27°50'35.77"N | 85°52'49.70"E 956.1 Collapse 1 4 35,000 0 5 1908 658 500 16,450 47,700
126 NH34 Arniko Highway Subsidence area3 AH26 27°46'32.24"N 85°53'17.65"E 837.3 Slide 1 2 7,000 0 5 1908 658 500 16,450 47,700
127 NHO03 Pokhara- Baglung 57+300 |[Armadi 2, Kushma PB05 28°14'21.24"N | 83°3852.71"E 724.8 Collapse 1 2 3,899 1 2 2,819 1,597 500 15,970 28,190
128 NH03 Pokhara- Baglung 56+050 |Armadi 3, Kushma PB06 28°14'32.38"N | 83°39'24.42"E 748.0 Collapse 1 257 0 2 2,819 1,597 500 15,970 28,190
129 NH47 Siddhartha Highway Mark 71 SH51 28° 7'40.36"N 83°51'59.08"E 971.0 Collapse 1 1 1,837 0 3 3,277 1,591 320 15,274 31,459
130 NH47 Siddhartha Highway Siddhababa area SH21 27°44'15.26"N | 83°27'54.51"E 228.0 Collapse 2 7,200 0 15 2,370 1,242 82 15,202 29,009
131 NH37 Kanti Highway 25+500 K13 27°25'42.20"N | 85°11'54.15"E 981.0 Slide 2 8,000 0 5 3131 1,846 152 14,027 23,796
132 NH47 Siddhartha Highway Mark 53 (Towards Walin from Butwal) SH37 27°58'19.94"N 83°43'1.48"E 734.9 Collapse 1 1 7,482 0 2 3,277 1,591 390 12,410 25,561
1128 NH47 Siddhartha Highway Mark 58 SH42 27°58'17.30"N | 83°43'34.40"E 689.3 Collapse 2 3,088 0 2 3,277 1,591 390 12,410 25,561
134 NH47 Siddhartha Highway Mark 72(Bhalupahad) SH52 28° 8'26.33"N 83°51'43.70"E 973.2 Collapse 2 1,333 0 2 3,277 1,591 320 10,182 20,973
135 NH47 Siddhartha Highway Way to Ramdil SH26 27°52'33.20"N | 83°38'41.40"E 884.3 Collapse 1 2 9,160 0 10 2,370 1,242 82 10,135 19,339
136 NH47 Siddhartha Highway Way to Ramdi2 SH27 27°52'50.16"N | 83°38'37.57"E 542.3 Flow 1 2 5,000 0 10 2,370 1,242 82 10,135 19,339
137 NH34 Arniko Highway Chehere Slide AH31 27°40'28.37"N | 85°43'49.48"E 584.1 Collapse 2 333 0 2 4199 2233 226 10,093 18,979
138 NH41 Hetauda-Sim Bhanjyang 127+900 T1 27°27'45.74"N 85° 2'33.40"E 554.0 Slide 1 2 1,583 0 2 5754 3038 154 9,357 17,722
139 NHO03 Khurkot-Halesi HK# 15b | 27°1828.44"N 86° 1'19.80"E 430.6 Collapse 2 5,200 1 5 1,827 956 191 9,130 17,448
140 NH03 Khurkot-Halesi HK# 15c | 27°18'30.67"N 86° 1'15.38"E 436.1 Collapse 2 5,200 1 5 1,827 956 191 9,130 17,448
141 NHO08 Sano Akkare NHO8#2b | 27°13'42.22"N 87°13'44.00"E 2494 Collapse 1 2 18,000 0 5 746 364 500 9,100 18,650
142 NH08 Dhodeni NH08#7 26°51'9.98"N 87°17'55.39"E 759.2 Collapse 2 1,042 0 1 1691 1691 485 8,201 8,201
143 NHO03 Pokhara- Baglung 54+350 |[chamar Ke dil, Kushma PBO7 28°14'14.09"N | 83°39'48.79"E 830.4 Collapse 1 2 1,800 0 1 2,819 1,597 500 7,985 14,095
144 NH03 Pokhara- Baglung 53+600 |Dulepani, Kushma PB08 28°14'3.26"N 83°40'9.08"E 848.0 Collapse 1 1 1,200 0 1 2,819 1,597 500 7,985 14,095
145 NHO03 Pokhara- Baglung Near Kushma Gatel, Kushma PB12 28°13'20.92"N | 83°41'33.51"E 866.8 Collapse 1 2 267 0 1 2,819 1,597 500 7,985 14,095
146 NH03 Pokhara- Baglung Near Kushma Gate2, Kushma PB13 28°1322.93"N | 83°41'35.69"E 858.9 Collapse 1 2 400 0 1 2,819 1,597 500 7,985 14,095
147 NHO03 Pokhara- Baglung Near Kushma Gate3, Kushma PB14 28°13'24.37"N | 83°41'39.61"E 856.8 Collapse 1 1 533 0 1 2,819 1,597 500 7,985 14,095
148 NH03 Pokhara- Baglung Near Kushma Gate4, Kushma PB15 28°1327.90"N | 83°41'43.44"E 856.8 Collapse 1 1 292 0 1 2,819 1,597 500 7,985 14,095
149 NHO03 Pokhara- Baglung Police Station, Kushma PB16 28°13'29.30"N | 83°41'47.90"E 848.3 Collapse 1 2 4,500 0 1 2,819 1,597 500 7,985 14,095
150 NH03 Pokhara- Baglung Chuwa Slide, Kushma PB19 28°13'34.22"N | 83°4227.22"E 804.6 Collapse 2 1,000 0 1 2,819 1,597 500 7,985 14,095
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151 NHO3 Pokhara- Baglung Ambot, Kushma PB20 28°15'5.79"N 83°42'54.46"E 773.8 Collapse 2 800 0 1 2,819 1,597 500 7,985 14,095
152 NHO03 Pokhara- Baglung Slope erosion, Kusma PB22 28°14'16.09"N 83°42'38.69"E 735.6 Collapse 2 2,310 0 1 2,819 1,597 500 7,985 14,095
153 NH34 Arniko Highway 111+600 [Koplang Subsidence area AHO03 27°57'33.50"N 85°57'25.46"E 1,598.6 Collapse 1 1 3,500 1 2 1908 658 500 6,580 19,080
154 NH34 Arniko Highway Hindi Area AHO09 27°53'59.97"N 85°55'1.43"E 1,272.7 Collapse 1 1 1,250 0 2 1908 658 500 6,580 19,080
155 NH34 Arniko Highway Hindi Area AH10 27°53'58.58"N 85°54'58.84"E 1,279.6 Collapse 1 1 3,000 0 2 1908 658 500 6,580 19,080
156 NH47 Siddhartha Highway On the way to Palpa from Butwal SH19 27°51'20.09"N 83°38'13.48"E 813.0 Collapse 2 67 0 1 2,370 1,242 500 6,210 11,850
157 NH47 Siddhartha Highway Kaligandaki SH29 27°54'15.63"N 83°39'0.61"E 345.4 Collapse 1 3 1,020 0 1 3,277 1,591 390 6,205 12,780
158 NH47 Siddhartha Highway Mark 47 SH31 27°5522.51"N 83°39'3.51"E 459.7 Collapse 2 123 0 1 3,277 1,591 390 6,205 12,780
159 NH47 Siddhartha Highway Mark 48 SH32 27°55'41.41"N 83°39'13.52"E 524.2 Collapse 2 300 0 1 3,277 1,591 390 6,205 12,780
160 NH47 Siddhartha Highway Mark 49 SH33 27°55'39.56"N 83°39'44.03"E 737.6 Collapse 1 1 1,140 0 1 3,277 1,591 390 6,205 12,780
161 NH47 Siddhartha Highway Mark 50 SH34 27°57'0.49"N 83°41'14.24"E 679.8 Collapse 1 2 2,333 0 1 3,277 1,591 390 6,205 12,780
162 NH47 Siddhartha Highway Mark 51 SH35 27°57'16.08"N 83°42'35.81"E 731.1 Collapse 2 368 0 1 3,277 1,591 390 6,205 12,780
163 NH47 Siddhartha Highway Mark 52 SH36 27°57'14.32"N 83°42'31.00"E 726.2 Collapse 2 800 0 1 3,277 1,591 390 6,205 12,780
164 NH47 Siddhartha Highway Mark 54 SH38 27°58'23.13"N 83°43'22.46"E 721.7 Collapse 2 480 0 1 3,277 1,591 390 6,205 12,780
165 NH47 Siddhartha Highway Mark 55 SH39 27°58'22.25"N 83°43'22.74"E 682.3 Collapse 1 1 331 0 1 3,277 1,591 390 6,205 12,780
166 NH47 Siddhartha Highway Mark 56 SH40 27°58'21.99"N 83°43'24.33"E 684.7 Collapse 1 1 27 0 1 3,277 1,591 390 6,205 12,780
167 NH47 Siddhartha Highway Mark 57 SH41 27°58'19.75"N 83°43'27.70"E 686.9 Collapse 2 250 0 1 3,277 1,591 390 6,205 12,780
168 NH47 Siddhartha Highway Mark 59 (Towards Walin from Butwal) SH43 27°58'18.23"N 83°44'20.08"E 687.9 Collapse 1 1 2,467 0 1 3,277 1,591 390 6,205 12,780
169 NH47 Siddhartha Highway Mark 62 SH45 27°59'6.35"N 83°45'57.95"E 706.2 Collapse 1 1 3,633 0 1 3,277 1,591 390 6,205 12,780
170 NH47 Siddhartha Highway Mark 63 SH46 27°59'16.15"N 83°46'26.77"E 679.6 Collapse 2 3,750 0 1 3,277 1,591 390 6,205 12,780
171 NH47 Siddhartha Highway Erosion SH24 27°45'14.78"N 83°30'25.57"E 900.8 Flow 1 1 1,000 0 6 2,370 1,242 82 6,081 11,604
172 NHO2 | Puwa Bhanjyang/Gumbba Dada NHO2#2 | 27°37.98"N 87°48'24.84°E | 2,282.5 Collapse 2 250 0 1 2523 1,145 500 5,725 12,615
173 NHO08 Dhodeni NHO08#6a | 26°57'33.31"N 87°19'23.98"E 661.7 Collapse 2 1,833 0 1 2498 1126 500 5,630 12,490
174 NHO08 Dhodeni NHO08#6b | 26°57'32.36"N 87°19'27.54"E 663.5 Collapse 2 1,833 0 1 2498 1126 500 5,630 12,490
175 NH47 Siddhartha Highway Mark 65 SH47 27°59'42.96"N 83°46'50.78"E 687.0 Collapse 2 1,500 0 1 3,277 1,591 320 5,091 10,486
176 NH47 Siddhartha Highway Mark 66 SH48 27°59'54.04"N 83°47'1.34"E 708.1 Collapse 2 1,100 0 1 3,277 1,591 320 5,091 10,486
177 NH34 Arniko Highway Subsidence area7 AH30 27°44'14.26"N 85°47'46.18"E 708.3 Collapse 2 3,150 1 1 4199 2233 226 5,047 9,490
178 NH34 Arniko Highway Simle AH32 27°39'35.42"N 85°42'56.22"E 672.2 Collapse 2 2,333 0 1 4199 2233 226 5,047 9,490
179 NHO3 Khurkot-Halesi Khotang HK#5 27°10'18.48"N 86° 30'00"E 828.6 Collapse 2 1,100 0 2 1,725 897 274 4,916 9,453
180 NH41 Hetauda-Sim Bhanjyang 121+800 T2 27°30'12.88"N 85° 2'561.46"E 597.0 Collapse 2 1,144 0 1 5754 3038 154 4,679 8,861
181 NH41 Hetauda-Sim Bhanjyang 112+800 T3 27°31'69.79"N 85° 2'30.22"E 930.0 Collapse 1 1 1,500 0 1 5754 3038 154 4,679 8,861
182 NHO03 Khurkot-Halesi HK# 10 27°14'44.63"'N 86° 12'21.89"E 391.9 Collapse 1 2 800 0 2 1,827 956 191 3,652 6,979
183 NHO03 Khurkot-Halesi HK# 13 27°16'10.45™N 86° 9'52.81"E 408.0 Collapse 1 2 2,400 0 2 1,827 956 191 3,652 6,979
184 NHO03 Khurkot-Halesi Khotang HK#4 27°10'10.92"N 86° 18'20.88"E 1,000.0 Collapse 1 1 175 0 1 1,827 956 274 2,619 5,006
185 NHO03 Khurkot-Halesi Udaypur HK# 8 27°1022.84"N 86° 23'56.80"E 335.4 Collapse 2 500 0 1 1,827 956 274 2,619 5,006
186 NHO03 Khurkot-Halesi Udaypur HK# 8a 27°10'18.41"N 86° 24'00.36"E 305.2 Collapse 2 600 1 1 1,827 956 274 2,619 5,006
187 NHO03 Khurkot-Halesi Udaypur HK# 8b 27°1021.79"N 86° 23'58.92"E 332.8 Collapse 2 1,600 0 1 1,827 956 274 2,619 5,006
188 NHO03 Khurkot-Halesi Khotang HK#1 27°1124.14"N 86° 34'32.65"E 1,232.0 Collapse 2 153 0 1 1,725 897 274 2,458 4,727
189 NHO03 Khurkot-Halesi Khotang HK#2 27°11'46.64"N 86° 33'56.02"E 1,123.8 Collapse 2 2,667 0 1 1,725 897 274 2,458 4,727
190 NHO03 Khurkot-Halesi Khotang HK#3 27°11'38.32"N 86° 3321.78"E 1,148.8 Collapse 2 150 0 1 1,725 897 274 2,458 4,727
191 NHO3 Khurkot-Halesi Khotang HK#5a 27°10'18.50"N 86° 30'21.50"E 769.5 Collapse 2 2,667 0 1 1,725 897 274 2,458 4,727
192 NHO03 Khurkot-Halesi Khotang HK#5b 27°11'19.30"N 86° 30'19.60"E 793.2 Collapse 2 350 0 1 1,725 897 274 2,458 4,727
193 NHO03 Khurkot-Halesi Khotang HK#6 27°10'61.40"N 86° 29'25.80"E 603.3 Collapse 1 1 3,733 0 1 1,725 897 274 2,458 4,727
194 NHO03 Khurkot-Halesi Khotang HK# 6' 27°10'14.16"N 86° 30'10.84"E 938.6 Carriageway Collapse 1 1 267 0 1 1,725 897 274 2,458 4,727
195 NHO03 Khurkot-Halesi Okhaldhunga HK# 7 27°10'40.26"N 86° 25'14.74"E 466.5 Flow 2 533 0 1 1,725 897 274 2,458 4,727
196 NH47 Siddhartha Highway Siddhababa area SH22 27°44'19.33"N | 83°27'53.65"E 2471 Collapse 1 1 300 0 2 2,370 1,242 82 2,027 3,868
197 NHO03 Khurkot-Halesi HK# 9 27°12'33.77"N 86°2021.80"E 345.5 Collapse 2 400 0 1 1,827 956 191 1,826 3,490
198 NHO03 Khurkot-Halesi HK# 11 27°15'6.84"N 86°10'37.27"E 383.3 Collapse 2 1,250 0 1 1,827 956 191 1,826 3,490
199 NHO03 Khurkot-Halesi HK# 12 27°14'35.09"N 86° 9'9.61"E 400.0 Collapse 2 750 0 1 1,827 956 191 1,826 3,490
200 NHO03 Khurkot-Halesi HK# 14 27°15'50.04"N 86° 2'29.4"E 407.3 Collapse 2 1,400 0 1 1,827 956 191 1,826 3,490
201 NHO03 Khurkot-Halesi HK# 15a | 27°1827.79"N 86° 1'27.41"E 425.4 Collapse 2 1,067 0 1 1,827 956 191 1,826 3,490
202 NHO08 Pool Dada NHO08#1 27°16'5.33"N 87°12'38.20"E 276.7 Collapse 1 3 960 0 1 746 364 500 1,820 3,730
203 NHO08 Sano Akkare NHO08#2a | 27°13'51.29"N 87°13'39.31"E 267.3 Collapse 1 2 805 0 1 746 364 500 1,820 3,730
204 NHO08 Thulo Akkare NHO08#3a | 27°11'58.65"N 87°14'31.34"E 2425 Collapse 2 233 0 1 746 364 500 1,820 3,730
205 NHO08 Thulo Akkare NHO8#3b | 27°11'52.33"N 87°14'51.95"E 232.7 Collapse 2 350 0 1 746 364 500 1,820 3,730
206 NHO08 Kewa Besi NHO08#4 27°11'4.37"N 87°15'33.02"E 242.4 Collapse 2 1,500 0 1 746 364 500 1,820 3,730
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207 NHO08 Dhankuta NHO08#5 26°25'40.69"N 87°20'14.42"E 996.0 Collapse 1 2 200 0 1 746 364 500 1,820 3,730
208 NHO08 Piluwa Khola NHO08#9 27°12'58.80"N 87°14'30.22"E 256.0 Collapse 2 2,083 0 1 746 364 500 1,820 3,730
209 NH41 Sim Bhanjyang - Plaung-Tistung 57+000 T5 27°39'35.22"N 85° 5'58.69"E 1,978.0 Collapse 2 20,000 0 5 748 354 74.7 1,322 2,794
210 NH41 Palung - Tistung- Naubise 44+200 T9 27°41'59.03"N 85° 5'46.01"E 1,572.0 Collapse 2 5,250 1 5 748 354 74.7 1,322 2,794
211 NH41 Palung - Tistung- Naubise 31+500 T10 27°43'16.37"N 85° 6'47.35"E 1,111.0 Collapse 1 3 5,333 0 5 748 354 74.7 1,322 2,794
212 NH47 Siddhartha Highway Dovan Slide SH23 27°44'45.50"N 83°27'48.86"E 257.8 Collapse 1 1 200 0 1 2,370 1,242 82 1,013 1,934
213 NH47 Siddhartha Highway Birauta SH25 27°51'15.85"N 83°37'58.46"E 813.0 Collapse 2 2,133 1 1 2,370 1,242 82 1,013 1,934
214 NH41 Sim Bhanjyang - Plaung-Tistung 54+500 T6 27°40'17.16"N 85° 5'48.68"E 1,968.0 Collapse 2 480 0 2 748 354 74.7 529 1,118
215 NH41 Sim Bhanjyang - Plaung-Tistung | 51+ 500 T7 27°40'53.28"N 85°5'1.79"E 1,814.0 Collapse 1 3 3,400 0 2 748 354 74.7 529 1,118
216 NH41 Palung - Tistung- Naubise 50+100 T8 27°41'12.26"N 85° 5'28.09"E 1,740.0 Collapse 1 2 1,250 1 1 748 354 74.7 264 559

Note: DOR plans to engineering measures on NH47 Siddhartha Highway, Siddhababa area, risk index ranking of 7, 130, and 196.




Annex B. Longlist sites and
the other assessment sites



B.1. Longlist sites and the other assessment
sites



Annex B.1. Longlist sites and the other assessment sites

(1) Longlist sites
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Narayanghat-
1 NH44 Mugling 21+500 |Mauri Bridge L2 27°49'3.74"N 84°27'46.35"E 232.0 Flow 1 1 25,000 0 25 9,692] 7,607 500! 950,875 25 30| Frame work with rock bolt Check dams Bridge Bridge
Reinforced
2 NH47 | Siddhartha Highway | 35+500 |Jhumsa SHO03 27°45'4.90"N 83°30'4.61"E 299.0 Slide 1 2 18,012 1 30 15,845 7,211 366 791,768 100 200|Earth work, subsurface drainage |Catch works Earth X
Narayanghat-
B] NH44 Mugling 15+100 [Bhangadi L3 27°46'50.94"N 84°26'16.75"E 199.0 Collapse 1 1 5,350 0 20 9,692] 7,607 500! 760,700 30 40| Surface drainage Retaining and breast walls X
Narayanghat- Frame work with ground anchor,
4 NH44 Mugling 31+400 |Namshi Khola L25 27°49'57.88"N 84°31'37.33"E 403.0 Collapse 1 3 5,600 0 20 9,692 7,607 500 760,700 70 80|surface drainage X
5 NH47 Siddhartha Highway | 39+500 |Hiyeude Khola SHO06 27°46'2.50"N 83°31'16.94"E 452.3 Flow 1 4 20,833 0 25 15,845 7,211 366 659,807 30 30{Frame work Check dams
Narayanghat- Frame work with rock bolt, Brest wall with rockfall protection
6 NH44 Mugling 33+000 |Nyanse River L7 27°49'50.46"N 84°32'48.64"E 255.0 Collapse 1 1 13,120 0 15 9,692 7,607 500 570,525 80 100|surface drainage barriers X
7 NH47 | Siddhartha Highway Siddhababa area SHo1 27°43'29.58"N 83°28'9.51"E 2015 Collapse 1 3 32,375, 0 20 15,845 7,211] 366 527,845 -
8 NH47 Siddhartha Highway | 48+600 |Near Dumre Bazar SH10 27°47'55.51"N 83°31'33.56"E 645.0 Collapse 2 15,000 0 20 15,845 7,211 366 527,845 40! 200| Cutting, reinforced earth wall X
9 NH47 | Siddhartha Highway | 38+000 SHO5 27°45'14.78"N 83°30'48.88"E 371.0 Collapse 2 6,600 0 15 15,845 7,211] 366! 395,884 10, 20| Cutting, reinforced earth wall X
5km down from Bartung
10 NH47 Siddhartha Highway | 56+000 |Bazar SH13 27°51'4.55"N 83°33'22.24"E 960.6 Slide 2 5,885 0 15 15,845 7,211 366 395,884/ 20 80| Earth work, subsurface drainage |Catch works X X
4.8km down from Bartung
11 NH47 Siddhartha Highway | 56+200 |Bazar SH14 27°51'6.90"N 83°33'17.09"E 960.1 Slide 1 1 9,333 0 15 15,845 7,211 366 395,884/ 40! 120|Earth work, subsurface drainage |Catch works X X
12 NH47 Siddhartha Highway | 87+400 |Ramdi-1 SH18 27°54'10.61"N 83°38'3.31"E 429.9 Collapse 2 20,000 0 15 15,845 7,211 366 395,884 20 350| Frame work with ground anchor X
Narayanghat- Carriageway
13 NH44 Mugling 26+500 L6 27°49'4.33"N 84°30'15.63"E 259.0 Collapse 1 4 7,000 0 10 9,692 7,607 500 380,350 60 350| Frame work with ground anchor X
Narayanghat- Kali Khola, 23June 2017 Cutting work, frame work with
14 NH44 Mugling 33+150 |police killed, 1 truck buried L24 27°49'59.47"N 84°33'8.11"E 262.0 Collapse 2 20,000 0 10 9,692 7,607 500 380,350 150! 150{ground anchor
Narayanghat-
15 NH44 Mugling 33+800 |Tuin khola L26 27°50'08.55"N 84°33'23.41”E 336.0 Collapse 2 14,000 0 10 9,692 7,607 500 380,350 70! 80| Frame work with rock bolt X
Dumre-Besisahar- High-intensity net with
16 NH25 Chame 45+150 L21 28°15'23.26"N 84°22'0.56"E 776.0 Collapse 1 2 126,000 0 25 3,931 1,673 500! 209,125 135 150| bioengineering X
Narayanghat-
17 NH44 Mugling 34+500 |Tuin Khola L23 27°50'33.88"N 84°33'31.29"E 298.0 Collapse 2 11,117 0 5 9,692 7,607 500 190,175 46 70| Frame work, surface drainage X
Widening with
Dumre-Besisahar- reinforced earth
18 NH25 Chame 61+100 L12 28°21'10.98"N 84°24'12.39"E | 1,049.0 Collapse 2 17,000 0 20 3,931 1,673 500 167,300 85 90| Frame work, surface drainage | Rockfall protection wall X embankment
Dumre-Besisahar-
19 NH25 Chame 62+500 L20 28°21'45.08"N 84°24'8.60"E 1,150.0 Collapse 2 12,500 0 20 3,931 1,673 500! 167,300 30, 50| Frame work, surface drainage X
20 NHO03 Pokhara- Baglung 58+700 |Nayapool Flow, Kushma PB03 28°14'43.96"N 83°38'14.98"E 692.9 Flow 1 2 87,780 0 20 2,819 1,597 500 159,700 57 60 Check dams, bank protection X
21 NHO03 Pokhara- Baglung 57+400 |Armadi 1, Kushma PB04 28°14'24.47"N 83°38'47.42"E 721.0 Collapse 2 1,085 0 20 2,819] 1,597 500! 159,700 31 40| Frame work X
22 NHO03 Pokhara- Baglung 52+500 |Damdare khola, Kushuma PB11 28°13'43.64"N 83°40'38.53"E 868.4 Flow 1 2 31,680 0 20 2,819] 1,597 500! 159,700 40 40 Check dams
Narayanghat-
23 NH44 Mugling 21+300 |Dobhan (Seti & Trisuli) L1 27°49'9.80"N 84°27'14.20"E 238.0 Collapse 1 1 2,125 0 4 9,692 7,607 500 152,140 25 40| Frame work with rock bolt Masonry wall, Flow protection wall X
Narayanghat- Carriageway
24 NH44 Mugling 16+000 [Dasdhunga L4 27°47'50.91"N 84°25'54.00"E[  209.0 Collapse 1 3 820 0 4 9,692] 7,607] 500 152,140 12 30| Crib-walls X
25 NHO03 Pokhara- Baglung 37+900 |Nayapool 4, Kaski PB36 28°18'6.86"N 83°46'43.31"E | 1,273.2 Slide 1 2 125,000 0 10 6,594/ 3,017] 500! 150,850 150 150| Earth work, subsurface drainage |Catch works X
26 NHO03 Pokhara- Baglung 36+400 |Nayapool 5, Kaski PB37 28°18'5.30"N 83°47'4.31"E 1,625.4 Slide 2 40,000 0 10 6,594/ 3,017] 500! 150,850 100 400|Earth work, subsurface drainage |Catch works X X
27 NH03 Pokhara- Baglung 26+200 |Pandung, Kaski PB38 28°17'9.04"N 83°49'59.17"E | 1,610.0 Slide 2 1,350,000 0 10 6,594 3,017 500 150,850 300 300|Earth work, subsurface drainage |Catch works X
28 NH47 | Siddhartha Highway | 39+600 |Near Hiyeude khola SHo7 27°46'0.80"N 83°31'21.43"E 475.0 Collapse 2 6,000 0 5 15,845 7,211] 366! 131,961 150 180| Frame work X
Cutting, bioengineering, breast
29 NH47 | Siddhartha Highway | 46+400 [Near Charchare SH09 27°47'45.91"N 83°32'6.32"E 605.3 Collapse 2 8,400 0 5 15,845 7,211] 366! 131,961 350 350|wall, surface drainage
30 NH47 | Siddhartha Highway | 49+800 [Lower Dumre SH12 27°48'1.78"N 83°30'56.25"E 635.6 Slide 1 3 17,000 0 5 15,845 7,211] 366! 131,961 10, 100|Earth work, subsurface drainage |Catch works X X
Widening with
Dumre-Besisahar- reinforced earth
31 NH-25 Chame 101+800 L19 28°33'3.07"N 84°15'18.11"E | 2,599.0 Collapse 1 1 80,000 0 15 3,931 1,673 500! 125,475 160 180 Reinforced earth wall X embankment
32 NHO03 Pokhara- Baglung 58+700 |Saharshadhara 2, Kushhma| PB02 28°14'51.04"N 83°38'0.61"E 684.7 Collapse 1 1 14,405 0 15 2,819 1,597 500 119,775 40! 60| Cutting work, gabion wall X
33 NHO03 Pokhara- Baglung 51+500 |Paradi Slide, Kushma PB21 28°14'20.24"N 83°42'39.22"E 744.8 Collapse 1 2 66,667 0 15 2,819 1,597 500! 119,775 250! 250|Reinforced earth
Narayanghat-
34 NH44 Mugling 20+000 |Gaighat L5 27°48'43.06"N 84°26'1.59"E 200.0 Flow 1 2 200 0 3 9,692 7,607 500! 114,105 10, 20| Surface drainage Check dams X

The sites of risk ranking of 7 omit the longlist because DOR plans to engineering measures the site on the Siddhababa area, NH 47 Siddhartha Highway.




(2) NH37 Kanti Highway 7 sites

Geohazard Location

Annual Build Back Better
Type of Existing Presence or Absence of Exceedance AADT i
. . isti i i i etour : :
) GPS Coordinate (WGS84) and Elevation Existing | Countermeasure Works Historical Sediment Disposal on Probability T excl. el e Extension | Extension |\ tor the hazard itself . Hazard e
Risk Countermeas| " the Slope above the Damage to the MC, N of roads of roads . Road protection measures from . .
q Type of _ Failure Volume (2021/22) | _. g Sections | (2021/22) . (collapse source measures, Slide . avoidance by improvement
Index National . ure Works 1= Masonry _ Road Whole Road Rickshaws witha | targeted for " . hazards (falling rocks and collapse - Measures for "
. N . . Location Inventory Geohazard s V= N (km) . prevention/control, erosion shifting road | _ . (alignment
Ranking | Highway Road Section Chainage Name/Description No: . . . 2=Gabion L*W*D1/3 Width (2021/22) history of | measures TSR catch works) ALt adjacent risk| imorovement
Code P : Latitude Longitude Elevation 1=Y, 2=N 3=Concrete wall 1=Presence, (%lyear) damage(m) (m) 9 sections elir?]ination of
(North) (East) (m) 4=Others 0=Absence
e AT, bottlenecks)
AAEP AADT AADTemc DR
emc*DR
NH37 - 69+365 . K3 27°31'46.08"N 85°17'36.34"E | 1,925.0 Coll 2 44,000 0 10 3914 2,307 152 i . -
84 Kanti Highway Narayanghat slide olapse 35070 135 160 Reinforced earth wall X X Widening, pavement|
85 NH37 Kanti Highway 66+565 |Karukibas slide K4 27°31'29.07"N 85°17'11.65"E | 1,741.0 Collapse 2 142,497 0 10 3914 2,307 152 35,070 335 370 Reinforced earth wall X X Widening, pavement|
23rd September 2020, two oo N o N
62 NH37 Kanti Highway 63+885 |people were injured K5 27°3030.29"N 85°17'50.08"E | 1,568.0 Collapse 2 18,957 0 20 3914 2,307 152 70,140 115 150 Reinforced earth wall X X Widening, pavement|
NH37 . 61+627 - K6 27°30'15.21"N 85°17'45.26"E | 1,481.0 Collapse 2 58,320 0 5 3914 2,307 152 17,535 . —
119 Kanti Highway Chhapeli Slide 273 300 Reinforced earth wall X X Widening, pavement|
63 NH37 Kanti Highway 56+420 K7 27°29'27.25"N 85°16'28.52"E | 1,177.0 Slide 1 2 21,900 0 20 3914 2,307 152 70,140 50 100 Earth work, subsurface drainage |Gabion wall X X Widening, pavement|
73 NH37 Kanti Highway 46+000 K8 27°28'3.27"N 85°15'12.61"E 934.0 Collapse 2 98,000 0 15 3131 1,846 152 42,081 400 450 Reinforced earth wall x X Widening, pavement
68 NH37 Kanti Highway 42+000 K9 27°26'56.12"N 85°14'24.21"E | 1,152.0 Slide 2 196,000 0 20 3131 1,846 152 56,108 220 250 Earth work, subsurface drainage |Gabion wall X X Widening, pavement|
(3) NHO03 Khurkot-Haleshi 4 sites
Geohazard Location Annual Build Back Better
Type of Existing Presence or Absence of Exceedance AADT o
. GPS Coordinate (WGS84) and Elevation Existing | Countermeasure Works Historical Sediment Disposal on Probability AT excl. | ok Index Extension | Extension Vst e . ezl R s
Risk Countermeas| " the Slope above the Damage to the MC, N of roads of roads . Road protection measures from . .
q Type of _ Failure Volume (2021/22) | . i Sections | (2021/22) . (collapse source measures, Slide " avoidance by]| improvement
Index National . ure Works 1= Masonry _ Road Whole Road Rickshaws witha | targeted for " X hazards (falling rocks and collapse - Measures for "
. A q q Location Inventory Geohazard e V= ) (km) A prevention/control, erosion shifting road | _ .. q (alignment
Ranking | Highway Road Section Chainage i P N . . . 2=Gabion LAW*D1/3 Width (2021/22) history of | measures measires) catch works) AN adjacent risk e p—
Code P : Latitude Longitude Elevation 1=Y, 2=N 3=Concrete wall 1=Presence, (%lyear) damage(m) (m) 9 sections elir‘:]ination of
(North) (East) (m) 4=Others 0=Absence
=AAEP*AADT bottlenecks)
AAEP AADT AADTemc DR
emc*DR
15+600 (Ch
0+000 at Shotcrete frame work with rock
179 NHO03 Khurkot-Halesi Hilepani) [Khotang HK#5 27°10'18.55"N | 86° 30'19.32"E 828.6 Collapse 2 1,100 0 2 1,725 897 274 4,916 55, 60| bolt X
28+060(0+
00 at
182 NHO03 Khurkot-Halesi Khurkot) |Chyakutar (Photo HK#10) | HK# 10 27°10'43.87"N | 86° 12'34.56"E 391.9 Collapse 1 2 800 0 2 1,827 956 191 3,652 40 120|Reinforced earth wall (H=5m) X
18+600
183 NHO03 Khurkot-Halesi Kukuretar |Kukhuretar HK# 13 27°16'8.51""N 86° 6'54.01"E 408.0 Collapse 1 2 2,400 0 2 1,827 956 191 3,652 60 120|Shotcrete frame work X
4+000
Haibar(Akk
201 NHO03 Khurkot-Halesi are) Haibar (Akkare) HK# 15a | 27°18'27.79"N 86° 1'27.41"E 425.4 Collapse 2 1,067 0 1 1,827 956 191 1,826 150 400 X




B.2. Traffic indicators



Reference

* Derive of Travel speed

Method of derivation

|. After entering the latitude and longitude of the subject point in Google Maps,
search for a route with the starting point and destination set at 5 km ( £ 5 km) before
and after the point.
Il. Derive the time required from the starting point to the destination (10 km).
lll. Calculate the speed from the time required (formula: 10 km/time required)
IV. Calculate speeds by period and time, then calculate the average of those speeds.
¥ Period : weekdays (10/8~10/13, 2023)

holidays : Saturdays in October (10/7.14.21.28, 2023)
X Time : The peak and off-peak hours are set for each target location by checking the
hourly traffic volume in the traffic volume survey results conducted by DOR.

m 8 X & T BAVYY | WEVEBIEVE | BRRFL | QEE
204 265
N T ———— + 5km point
o "SmdharthaRajmarg,Dobl\ar\ﬂSﬂU?\, ‘
(0]

‘ Siddhartha Rajmarg, Dobhan 32500 7/ ‘

@ emezren

_ Time Subject

hhhhhh

(]

QHH
/ area
L= FEENCIATNA RITERE .
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Example : Derivation of Travel speed




- AADT  ( Annual Average Daily Traffic )

Annual Average Daily Traffic Volume. The average daily traffic volume at a given point on a road,
summed over a year and divided by the number of days in the year.

Source: General Incorporated association, Japan Society of Traffic
Engineers, glossary Traffic Engineers

- AADT (without motorcycle)

In this case, Motorcycle and Rickshaw were excluded from the aggregate.

- VvOC (Vehicle Operating Cost)

The cost of one vehicle traveling one kilometer. 179358 ding on vehicle type and
speed. 179,358

188,870

188,870

« TTC (Travel Time Cost)

Monetary equivalent of the time value of a one-minute reduction in driving time of one vehicle.



Annual increase rate

The AADT 2025 value is calculated based on the 2021/22 value of DOR and the annual increase rate is 6%
according to the DOR designation.

VOC is based on the value of the 2017 “The Project on Urban Transport Improvement for Kathmandu Valley in
the Federal Democratic Republic of Nepal, Final Report” (May 2017). The annual increase rate is 6.20% based
on the variation of average consumer price index over the past 10 years up to 2022.

TTC is based on the value of the 2017 “The Project on Urban Transport Improvement for Kathmandu Valley in
the Federal Democratic Republic of Nepal, Final Report” (May 2017). The annual increase rate 3.38% is based
on the GDP variation over the past 10 years up to 2022.



NH44-004 Traffic indicators for each site

Risk index
ranking
number :
Place name

1:Mauri
Bridge
3:Bhangadi

4:Namshi
Khola

6

13

14

15

17

23

24

34

Travel
speed at
place
(km/h)

42.6

45.0

36.1

324

41.3

324

324

29.9

42.4

42.5

42.2

Travel speed
at evaluate

sections
(km/h)

38.7

38.7

38.7

38.7

38.7

38.7

38.7

38.7

38.7

38.7

38.7

Motor

cycle

8.87

8.87

8.87

8.87

8.87

8.87

8.87

8.87

8.87

8.87

8.87

Car

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

Taxi

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

Light
Truck

60.28

60.28

60.28

60.28

60.28

60.28

60.28

60.28

60.28

60.28

60.28

VvOoC
Truck

95.84

95.84

95.84

95.84

95.84

95.84

95.84

95.84

95.84

95.84

95.84

Micro
Bus

58.2

58.2

58.2

58.2

58.2

58.2

58.2

58.2

58.2

58.2

58.2

S¢1TTC: Travel Time Cost

Mini
Bus

66.19

66.19

66.19

66.19

66.19

66.19

66.19

66.19

66.19

66.19

66.19

Bus

70.84

70.84

70.84

70.84

70.84

70.84

70.84

70.84

70.84

70.84

70.84

Safa
Tempo

29.75

29.75

29.75

29.75

29.75

29.75

29.75

29.75

29.75

29.75

29.75

AADT
(2021/22)

9,692

9,692

9,692

9,692

9,692

9,692

9,692

9,692

9,692

9,692

9,692

AADT
(2025)

11,524

11,524

11,524

11,524

11,524

11,524

11,524

11,524

11,524

11,524

11,524

Average TTC
(2025) %1
(NRs/h)

292.70
292.70
292.70

292.70
292.70
292.70
292.70
292.70
292.70
292.70

292.70

Waiting loss of a
site of one-day
whole-width
closure

(2025) 32
(NRs/hour)

1,686,537
1,686,537
1,686,537
1,686,537
1,686,537
1,686,537
1,686,537
1,686,537
1,686,537
1,686,537

1,686,537

¥ 2 Waiting loss of a site of one-day whole—width closure = Average TTC X AADT /2

Source: Estimated by the JICA Survey Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017
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NH47-004~005 Traffic indicators for each site

Risk index Travel Travel speed at VoC AADT AADT(20 Average TTC | Waiting loss of a
ranking speed at evaluate (2021/22 | 25) (2025) %1 site of one-day
number : place sections Motorc | Car Taxi Light Truck Micro Mini Bus Safa ) (NRs/h) whole-width
Place name (km/h) (km/h) ycle Truck Bus Bus Tempo closure

(2025) %2

(NRs/hour)
2-Jhumsa Ids| 27.95 307 938 | 47.81 | 47.81 | 6505 | 10362 | 62.82 7149 | 77.62 | 3231 15,845 18,770 227.00 2,130,395
5:Hiyeude 2955 30.7 938 | 47.81 | 47.81 | 6505 | 10362 & 62.82 7149 | 77.62 @ 3231 15,845 18,770 227.00 2,130,395
Khola
7 24.82 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
8:Near Dumre 30.00 30.7 938 | 47.81 | 47.81 | 6505 | 10362 & 62.82 7149 | 77.62 @ 3231 15,845 18,770 227.00 2,130,395
Bazar
9 29.09 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
10 33.33 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
11 33.33 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
12 33.19 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 3,277 3872 169.22 327,610
28 29.55 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
29 29.09 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395
30 30.83 30.7 9.38 47.81 47.81 65.05 103.62 62.82 71.49 77.62 32.31 15,845 18,770 227.00 2,130,395

JK1TTC: Travel Time Cost ¥ 2 Waiting loss of a site of one-day whole-width closure = Average TTC X AADT /2

Source: Estimated by the JICA Survey Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017
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NHO03-048 Traffic indicators for each site

Geographic
risk index
ranking
number :
Place name

20:Nayapool
Debris Flow,
Kushma

21:Armadi 1,
Kushma

22:Damdare
khola,
Kushuma

25
26
27

32

33

Travel
speed at
place
(km/h)

37.5

37.5

37.5

37.5
37.5
37.5
37.5

42.9

Travel
speed at
evaluative
sections
(km/h)

36.8

36.8

36.8

36.8
36.8
36.8
36.8

36.8

Motorc
ycle

8.87

8.87

8.87

8.87

8.87

8.87

8.87

8.87

Car

43.92

43.92

43.92

43.92

43.92

43.92

43.92

43.92

Taxi

60.28

60.28

60.28

60.28

60.28

60.28

60.28

60.28

Light
Truck

95.84

95.84

95.84

95.84

95.84

95.84

95.84

95.84

¢ 1TTC: Travel Time Cost

voC

Truck

58.2

58.2

58.2

58.2

58.2

58.2

58.2

58.2

Micro
Bus

66.19

66.19

66.19

66.19

66.19

66.19

66.19

66.19

Mini
Bus

70.84

70.84

70.84

70.84

70.84

70.84

70.84

70.84

Bus

41.59

41.59

41.59

41.59

41.59

41.59

41.59

41.59

Safa
Tempo

29.75

29.75

29.75

29.75

29.75

29.75

29.75

29.75

AADT

(2021/2

2)

2819

2819

2819

6594

6594

6594

2819

2819

AADT
(2025)

3,230

3,230

3,230

7,761
7,761
7,761
3,230

3,230

Average TTC
(2025) %1
(NRs/h)

212.85

212.85

212.85

150.95
150.95
150.95
212.85

212.85

Waiting loss
of a site of
one-day
whole-width
closure
(2025) %2
(NRs/hour)

343,753

343,753

343,753

585,761
585,761
585,761
343,753

343,753

X 2 Waiting loss of a site of one-day whole—width closure = Average TTC X AADT /2

Source: Estimated by the JICA Study Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017
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NH25-003~005 Traffic indicators for each site

Risk index
ranking
number :
Place
name

16

18

19

31

Source:

Travel Travel speed
speed at | at evaluative
place sections

(km/h) | (km/h)

17.14 20.1
15.0 20.1
15.0 20.1
20.0 20.1

Estimated by the JICA Study Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017

Motorcy
cle

10.23

10.23

10.23

10.23

Car

54.59

54.59

54.59

54.59

Taxi

54.59

54.59

54.59

74.15

Light

Truck

74.15

74.15

74.15

118.54

VvOC

Truck

118.54

118.54

118.54

70.68

X 1TTC: Travel Time Cost

Micro
Bus

70.68

70.68

70.68

80.38

Mini

Bus

80.38

80.38

80.38

90.6

Bus

90.6

90.6

90.6

51.51

Safa

Tempo

36.96

36.96

36.96

36.96

AADT

(2021/2

2)

841

632

632

421

AADT
(2025)

976

733

733

488

Average | Waiting loss

TTC of a site of

(2025) one-day

X1 whole-width
(NRs/h | closure

) (2025) %2

(NRs/hour)

169.65 82,789
169.65 62,177
169.65 62,177
169.65 41,395

¥ 2 Waiting loss of a site of one-day whole—width closure = Average TTC X AADT /2
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NH37-002~003 Traffic indicators for each site

Risk index
ranking
number :
Place
name

62

63

68

73

84

85

119

Travel
speed at
place
(km/h)

23.08

25

27.27

25

25

25

25

Travel speed voC

at evaluate

sections Motorc | Car Taxi Light Truck

(km/h) ycle Truck
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.36 69.66 111.19
26.6 9.83 51.36 51.05 69.66 111.19

S¢1TTC: Travel Time Cost

Micro
Bus

66.97

66.97

66.97

66.97

66.97

66.97

66.97

Mini
Bus

76.21

76.21

76.21

76.21

76.21

76.21

76.21

Bus

84.24

84.24

84.24

84.24

84.24

84.24

84.24

Safa
Tempo

34.71

34.71

34.71

34.71

34.71

34.71

34.71

AADT
(2021/2
2)

3,914

3,914

3,131

3,131

3,914

3,914

3,914

AADT
(2025)

4,050

4,050

3,240

3,240

4,050

4,050

4,050

Average TTC
(2025) X1
(NRs/h)

139.92

139.92

139.92

139.92

139.92

139.92

139.92

Waiting loss of
a site of one-
day whole-
width closure
(2025) %2
(NRs/hour)

283,338

283,338

226,670

226,670

283,338

283,338

283,338

¥ 2 Waiting loss of a site of one-day whole—width closure = Average TTC X AADT /2

Source: Estimated by the JICA Survey Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017
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NHO03-015~019

Risk index Travel
ranking speed at
number : place
Place (km/h)
name

179 25
182 27.3
183 25
201 33.3

Traffic indicators for each location

Travel VoC

speed at

evaluate

sections Motorc | Car Taxi Light Truck

(km/h) ycle Truck
33.0 9.38 47.81 47.81 65.05 103.62
33.0 9.38 47.81 47.81 65.05 103.62
33.0 9.38 47.81 47.81 65.05 103.62
33.0 9.38 47.81 47.81 65.05 103.62

3¢ 1TTC: Travel Time Cost

Micro
Bus

62.82

62.82

62.82

62.82

AADT AADT Average
(2021/22 | (2025) TTC (2025)
X1
Mini Bus Safa (NRs/h)
Bus Tempo
71.49 77.62 32.31 1725 2,013 178.20
71.49 77.62 32.31 1725 2,013 178.20
71.49 77.62 32.31 1827 2,134 177.01
71.49 77.62 32.31 1827 2,134 177.01

Waiting
lossof a
site of one-
day whole-
width
closure
(2025) %2

(NRs/hour)

179,358

179,358

188,870

188,870

X 2 Waiting loss of a site of one-day whole—width closure = Average TTC X AADT /2

Source: Estimated by the JICA Study Team based on “The Project on Urban Transport Improvement for Kathmandu Valley in Federal Democratic Republic of Nepal, Final Report”, JICA, May 2017
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