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EDITORIAL

Nepal is one of the disaster prone countries like of water
induced disasters- soil erosion, landslides, flood, debris flow, river
bank erosion etc. In addition to these, other disasters caused due
to fire, windstorms, earthquake, hailstorms, thunderbolt, avalanche,
epidemic etc are also common in Nepal. The causes of such disasters
are largely contributed due to rugged and fragile topography, weak
geological formation, active seismic condition, occasional glacier
lake outburst, heavy monsoon rain, unscientific land utilization
pattern, rapid growth in population and the degradation of natural
environment. Not only lives and private properties are lost, but also
important national infrastructures like roads, hydro power projects,
irrigation structures, drinking water structures etc are damaged
mainly due to the flood, landsides and earthquake in Nepal.

The Department of Water Induced Disaster Prevention is
mainly concerned on the prevention and mitigation of water

induced disasters, so the departmental activities are focused on
river control and landslide management. This office was established
and functioned as the Disaster Prevention Technical Center from
October 1991 to February 2000 with technical assistance from
JICA and now it has been converted to the Department of Water
Induced Disaster Prevention. The department is the main line/focal
agency of government of Nepal for water induced disaster control,
mitigation and management activities.

Although the Government of Nepal has introduced the Water
Resources Strategy and the National Water Plan 2005 laying out
the short, medium and long ferm strategies and plans and Water
Induced Disaster Management Policy 2006 for the effective
prevention, mitigation and management of water induced disasters
in the country. But still the major question remains of sustainability
of mitigation and management of water induced disaster measures
adopted in order to save the lives and property of the people. This
issue always has been a concern during the monsoon season when
there is an excessive rainfall which brings flood, landslides, erosion,
inundation etc.

Establishment of better information system and awareness
programs about flood and landslide for the concerning target group
is the crucial thing. For this, formation of authentic Community
Based Organization (CBOs), awareness programs for them and
empowering them by providing technical knowhow and pre-flood
preparedness is necessary. Consultation with CBOs before and
during construction of various structures at the sites of flood and
landslide affected areas for the necessary information and knowledge
sharing is also important. Establishment of active coordination
mechanisms among local, district and national level government
organizations, civil society organizations, private sector and
vulnerable groups is another important issue. Ongoing, systemic,
participatory and multi-disciplinary monitoring and evaluation
system, quality assurance and preparation and implementation of
Disaster Risk Reduction/ Management Plan should be mandatory.
Only then, the goal of sustainability of flood and landslide disaster
mitigation and management can be achieved by the Department of
Water Induced Disaster Prevention.

- The Editorial Board

Layout Design: Krishna Trade Concern

The opinions expressed in the
articles are solely of the authors only.
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DWIDP Concerns : Water Induced Disaster Prevention

Background

Nepal suffers from various types of water-induced disasters
such as soil erosion, landslides, debris flow, flood, bank
erosion efc. due to its rugged topography, weak geological
formations, active seismic conditions, occasional glacier lake
outburst, floods and concentrated monsoon rains associated
with unscientific land utilizations. These phenomena induce
severe impacts on the vital infrastructures of the nation such
as roads, hydropower, irrigation and drinking water facilities
causing loss of agricultural lands, properties and human lives
posing a severe threat to the sustainable development of the
country. In order to mitigate these disasters in Nepal, Water
Induced Disaster Prevention Technical Centre (DPTC) was
established under the then Ministry of Water Resources as per
an agreement between the then His Majesty's Government of
Nepal and the Government of Japan on 7t October 1991. The
programs of DPTC were continued for seven and half years with
the technical co-operation/assistance from Japan International
Co-operation Agency (JICA). To institutionalize the objectives
and achievements of the DPTC, the Department of Water
Induced Disaster Prevention (DWIDP) was established on 7
February 2000 under the then Ministry of Water Resources
along with seven divisions and five sub-division offices to
mitigate the water-induced disasters throughout the country.
The department is a focal agency for all water induced disasters
mitigation works. To facilitate the activities of the water induced
disaster mitigation in the country the activities and responsibility
of the River Training Division of the Department of Irrigation has
been transferred to this department in 2002.

Guidelines for addressing the issues on water induced
disaster mitigations have been adopted from the Water
Resources Strategy - 2002 and the National Water Plan - 2005,
the government’s main documents which have laid out the short
term, medium term and long term strategies, plans, activities
and resources for mitigation and management of water induced
disasters

These documents have given DWIDP the leading role
to implement the mitigation and risk reduction measures and
coordinate with other related agencies. Based on these strategic
visions, Water Induced Disaster Management Policy - 2006 has
been formulated with policy provisions: (a) to mitigate water
induced disasters and reduce loss of lives and property, (b) to
enhance institutional strengthening of DWIDP and (c) establish
network with the associated institutions and agencies to cope
with potential disasters.

Water Resources Strategy - 2002 (WRS 2002) has defined
ten strategic outputs fo contribute the overall national goal as
“living conditions of Nepali people are significantly improved in
a sustainable manner” by achieving short term, medium term

and long term purposes. “Effective measures to manage and
mitigate water induced disasters are functional”- is one of those
ten outputs, concerned of DWIDP.

WRS-2002 also identified the indicators (specific targets
and dates) that can be used to achieve the above strategic
output related to disaster as following.

Water Induced Disaster Targets

e By 2007, potential disaster zones are identified by type
and are located on district maps;

* By 2007, emergency relief materials are available in all
five regions;

e By 2017, infrastructures for mitigating predictable
disaster are put info place in twenty districts;

e By 2017, warning are established and
functioning, encompassing the country; and

* By 2027, social and economic losses reduced to the
levels experienced in other developed countries.

systems

WRS-2002 puts forward the following activities to
carryout the strategy to achieve the targets :

* Prepare and implement a water-induced disaster
management policy and plan.

*  Conduct risk/vulnerability mapping and zoning.

» Sirengthen the disaster networking and information
system.

* Establish disaster relief and rehabilitation systems.

* Carry out community awareness/education on disaster
management.

* Activate Inundation Committee (s) with respect to
neighboring countries.

* Prepare and implement floodplain action plans.

* Implement disaster reduction/mitigation measures.

 Sirengthen institutional set-up and capacity.

Prepare and implement a waterinduced disaster
management policy and plan

So far Government of Nepal has already approved and
enforced Water Induced Disaster Management Policy 2006
to carry out water induced disaster management activities with
5-points objectives. The policy covers up 3-points for “Emergency
Operation”, 4-points for “Reduction of Water Induced Disaster”,
5-points for “Conservation of Natural Resources”, 6-points for
“Use of River Bank and Flood Affected Areas” and 3-points
for “Intuitional Provision and Development”. Risks should
be identified and priorities be set for different areas and for
areas at similar levels of risks. Additional considerations during
development of the management plan should include a full
range of protection and mitigation options, such as structural
and non-structural protection works and use restrictions
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and warning systems. It should be noted that different areas
may require different types of emergency preparedness and
response.

DWIDP has been designated as the lead agency to
coordinate the various key stakeholders related to water
induced disaster including Ministry of Home Affairs (MoHA),
Department of Hydrology and Meteorology (DHM), Department
of Irrigation, Department of Soil Conservation and Watershed
Management (DSCWM). A directive of necessary technical
standards relating to river training and reclaim/development
work for both private and public sectors as mentioned in the
policy, need to be prepared and enact as early as possible.

Conduct Risk / Vulnerability Mapping and Zoning

Water induced disaster include floods, inundation,
landslides, drought, debris flood GLOF and epidemics of water
borne disease. The first step in preparedness for future disaster is
to analyze the disaster mechanisms and evaluate risks. DWIDP,
in conjunction with other departments, is preparing flood risk
maps for all high priority areas and define and enforce land use
restrictions to prevent increasing risk due to inappropriate use of
flood zone lands. Floods are possible in all river catchments but
the danger to property and human welfare varies greatly from
the mountain, valleys to the Terai. Some rivers are associated
with additional risk due to the potential for glacial lake outburst
floods. Although, significant progress has already been made
towards in on inventory of existing GLOFs, other areas at
potential risk have not been inventoried. Flood risk evaluations
should be centered on an assessment of potential damage and
danger. Very little works so far has been done in floods risk maps
and an inventory identifying the locations at risk. Landslides are
often caused by soil erosion or saturation of the ground during
rainstorms and, in turn can cause flooding and mud flow into
takes and rivers. Based on field investigations, very little work on
preparing inventories of potentially dangerous landslides based
on the risk of harm could be done, so far. DWIDP has already
commenced significant studies on landslides. In each category
of disaster, the locations identified in the inventories will be
ranked in order of importance the basis for setting priorities
includes:

*  Magnitude of the risk, consequences, expected level of
mitigation or disaster reduction

e Feasibility of the alternative actions and cost of the
actions

Various considerations that to be given weightage in the
ranking include:

e Potential for injury or loss of life, economic value of lost
property or infrastructure

e Loss of cultural resources, potential environment impacts,
extent of disruption to transportation, communication or
flood supply and potential for water borne epidemics.

Strengthen Disaster Networking and Information System

The information will be disseminated to relevant agencies,
local authorities and communities so that they are aware of

the risks and prepare for action in the most serious high — risk
areas, decisions will be made regarding necessary action.

Although as mentioned in the policy, as a lead agency
DWIDP is lagging behind to carryout activities for the
management, total information system, early waring system,
determination of jurisdiction of control of local body as per the
size and type of river, procedure of issuing license for reclaimed
land, etc.

Nepal Electricity Authority and private hydropower
develops have installed warning systems at their weir/dams and
in area situated immediately downstream. These systems will
be integrated with the DHM flood warning system. DHN seems
active in installing various systems for floods.

Establish Disaster Relief and Rehabilitation System

DWIDP, in collaboration with MoHA, Nepal Red Cross
Society, local government and non-governmental organizations,
will prepare and implement a disaster relief plan for each
priority area. These plans will include:

* Preparations for emergency response, rescues and relief,

* Procurement and storage of relief supplies,

* Planning for emergency shelter and feeding of victims
and

* Provision for disaster response rehearsals and drills.

Carryout Community Awareness / Education on
Disaster Management

In parallel with the disaster relief / rehabilitation system,
local authorities with guidance and technical assistance
from DWIDP and other agencies will carry out a community
awareness and education campaign. This will be linked with the
disaster networking and information system.

Activate Inundation Committees with

Neighboring Countries

respect to

Inundation caused by barrages constructed by India just
downstream of Nepal represents a special and unique area
of concern. Despite the ongoing nature of these concerns,
the existing committees under the jurisdiction of Ministry of
Irrigation (Mol), have not been effective in resolving outstanding
problems. They will be strengthened and activated and will
receive support at the heist level to facilitate bilateral dialogue
and actions. DWIDP is acting as the lead agency under Mol to
carry out this work.

Prepare and Implement Flood Plain Management Plans

As mentioned in this activity, during the first years of strategy
implementation efforts will focus on identifying and prioritizing
high — risk areas and developing disaster management plans.
In the medium term, efforts will be turned to better ways of
managing the floodplains in harmony with nature. In certain
river reaches where the flood plain could be developed for
seasonal agricultural use, these management measures will
be implemented at the community level. Adequate regularly
compliance will be kept in place for the agricultural use in such
flood plains. Other actions could include fisheries enhancement,
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recreation or aggregate extraction. In this manner, natural
flooding and erosion and deposition processes could be turned
info economic opportunities rather than disasters.

Implement Disaster Reduction/Mitigation Measures

A number of studies of potential flood reduction/mitigation
measures have been conducted, particularly those capable of
reducing flood damages from rivers as they enter the Terai.
These studies have indicated that structures are expensive and
may have limited impact in the event of serious floods. None
the less, there are some areas where a significant number of
people face annual flood risks and relocation is out of the
question. In these critical areas, some selected civil engineering
and or bio-engineering actions will be identified and studied
to determine their technical, environmental and economic
viability. Only economically viable schemes will be considered
for implementation.

Strengthen institutional set-up and capacity

Water-induced disaster present regular threats to many
people. However, at present there seems no
agency fo reduce these risks or mitigate damages. In order to
put on effective disaster warning and prevention system in place,
the relevant institutions must be strengthened and coordinated.
The following changes are proposed to be carried out as early
as possible:

coordinating

e DWIDP is designated as a lead coordinating agency,
its mandate and authority broadened to facilitate its
planning and coordination role and adequate staff and
budget provided to carry out these duties,

* DHM is to be provided with the mandate and resources
to be the lead agency for implementing and managing a
flood warning system,

e Dol's responsibility for border inundation problems is to
be transferred to DWIDP, and

* MoHA is to be provided specific resources for planning
and implementing disaster relief/rehabilitation measures.

Goal of DWIDP

The main goal of the DWIDP is to minimize the human
causalities and damages of infrastructures caused by water
induced disasters by appropriate water induced disaster
management and mitigation.

Obijective of DWIDP

To implement the programs of river and river basins
conservation and to develop related appropriate technology
research, information systems, human resource and institutional
development activities and to raise awareness of communities
so as to mitigate water-induced disasters.

Different Programs and projects under DWIDP

A. Disaster Prevention Program (Prakop Niyantran Karyakram)

This program has been initiated to cope with the water
induced disaster and probable short and long term remedies

in mitigation measures. Under this program following activities
are carried out:

River Training Project (Nadi Niyantran Yojana)

The mitigate the water induced disasters such as bank
erosions and inundation caused by the medium and small
size rivers and others water induced disasters emergency
works throughout the country is carried out by River
Training Project. In the fiscal year 2068/69 a budget of Rs.
7.30 crore had been allocated.

ii.  Study based, Disaster Prevention (Adhdyayan Gari Garine
Prakop Niyantran Karyaharu)

For the continuation of the ongoing projects that have
already been studied, Rs. 39.15 crore had been allocated
in the fiscal year 2068/69. These works are being by
conducted division and sub division offices throughout the
country.

iii.  Preparation Master Plan

Master plan for various smaller and bigger rivers is prepared
by division and sub division offices throughout the country
to carry out disaster prevention work systematically. At
present master plan is being prepared in 18 rivers. In fiscal

year 2068/69, Rs. 7.05 crore had been allocated.

iv. People's Embankment Program (Janata koTatabandha
Karyakram)

Government of Nepal has realized the importance of river
training works in terai region in order to reduce the flood
and inundation problems in low lying areas. Since fiscal
year 2066/067 a new river training program known as
"Janata ko Tatabandha" has been commenced. Janta Ko
Tatbandha Karyakram has got following specific objectives:

* Land reclamation in the flood plain
* Employment generation during project period
* Reduction of loss of life and property

This program targeted to implement phase-wise in
accordance with the master plan prepared for the particular
river basin. Engineering structures with the bio-engineering
applications are being used in order to provide sustainable
and effective combination as potential counter- measures.
Concerned people in this program are expected to
participate with great enthusiasm. Janata ko Tatabandh is
the river training project based on peoples’ participation.
Kankai and Ratuwa rivers in Jhapa district, Rato river in
Mahotari district, Lakahandei and Jhim rivers in Sarlahi
district, Narayani river in Chitwan and Nawalparasi
districts, Danav Tinau in Rupendehi district, West Rapti
river in Dang and Banke districts and Dhoda and Mahakli
river in Kanchanpur district are ten rivers implemented
under this program in the fiscal year 2066/067. In the
fiscal year (2067/68), 2 rivers East Rapti river in Chitwan
district and Karnali river in Bardiya and Kailali districts were
added in the program. Similarly, in fiscal year (2068/69),
2 more rivers Jalad and Auorahi rivers in Dhanusa district
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were included in the program. Now in total this program
is being implemented in 14 rivers. Total budget allocated
for the program in the fiscal year 2068/69 is Rs. 73 crore
and by the end of the fiscal year in total about 90 km
embankment has been constructed.

v.  Landslide Management

About 83% of Nepal is cover by the hills and mountains
so the country is prone to landslides. These landslides are
activated due to natural phenomena or due to human
factor. If these landslides are not controlled in time it
will have an adverse effect in the teria belt. So, for the
management of these landslides to be done by the division
and sub division offices throughout the country in the fiscal
year 2068/69 Rs. 3.20 crore had been allocated.

vi. Institutional Infrastructure Development

The activities under this program are the construction of
the office buildings and maintenance of the infrastructures
in different districts. In the fiscal year 2068/69 Rs. 0.75

crore had been allocated.

B. Disaster Mitigation Support Program (DMSP)

DMSP is a model program for comprehensive sediment
management. Following major concerns are related with the
DMSP program:

* Education and public awareness campaign
* Development of appropriate and cost effective
technology
* People's participation in disaster mitigation
e Preparation of hazard maps of the watersheds
* Rehabilitation program
* |Institutional development
* Survey and loss estimation
e Emergency rehabilitation — model site development
e Development of information technology and its
dissemination
* Organizing seminars and trainings
* Preparation and amendment of policies and regulations
*  Management of waterinduced disaster in the watershed
and sub-watershed
*  Watershed/sub-watershed  water
mitigation management
In order to implement above stated themes, local and
improved technologies is to be adopted in such a way that itis less
expensive and it supports fo resolve the problems like landslide,
soil erosion, debris flow and sedimentation. Recently, Lother
watershed has been selected to develop it as a model site. Rs. 4
crore was allocated in the fiscal year 2068/69. Similarly, for the
maintenance of projects constructed by Japanese Aid Rs. 0.95
crore had been allocated. Moreover, for various seminars being
conducted to raise mass awareness about the consequences of
water induced disasters, preparation of the hazard maps of the
watershed and for landslide control and settlement protection
measures Rs. 3.55 crore had been allocated. In total, Rs. 8.50
crore had been allocated for DMSP.

induced disaster

Various programs have been conducted annually by DWIDP
for the disaster mitigation to the safety and security of human
life and property. For this, various structural and non structural
methods have been applied which provides employment and
income generating opportunities to the local people. Along
with this, the department is also involved in the protfection
of existing infrastructure like transportation, hydroelectric
plant, and archeological sites of the country. Moreover, the
department is constantly involved in assuring better traffic
management. In this regard, regular maintenance programs
along Muglin-Narayanghat road section and Sindhuli-Bardibas
road section are being carried out in order to reduce debris
flow and landslides that cause harm to human life and property
by means of structural and non-structural (bio-engineering)
measures. For the sustainability of the water induced mitigation
and control measures along these road sections and smooth
flow of the traffic the department has made a policy to allocate
sufficient budget for regular maintenance. Similarly, protection
of Marsyangdi Hydroelectric Project power house, Ruwa River
Management Program and conservation of the archeological
site — Mankamana temple has already been implemented in the
fiscal year 2065/066.

C. India Supported River Training Program (Bharatiya
Sahayogma Sanchalit Nadi Niyantran Yojana)

The big to small sized rivers that flow through the Terai
to India occurring floods and inundation problems during
monsoon season are considered major disasters - destroying
human life and property. Embankments have been constructed
in some of the river based on agreement and understanding
between Nepal and India. Joint Committee of Inundation and
Flood Management (JCIFM) plays an important role to initiate
the program in particular river. JCIFM is being steered by a
high level team from DWIDP (Nepal) and Ganga Flood Control
Commission (India) and along with the representatives from
Ministry of Finance and Ministry of Foreign Affairs from both the
countries. Ongoing projects are Sunsari, Gagan, Kamala, Lal
Bakaiya, Bagmati and Banganga having total budgets for the
fiscal year 2068/69 is Rs. 69.46 crore and by the end of the
fiscal year the total length of the embankment constructed in the
above rivers is about 185 km.

D. River Terrace, Settlement/Bazaar Protection Program
(Basti Ra Tar Bazar Samrakhsan)

This program is focused to implement in hills and
mountains where there lies tars and bazaars vulnerable to
floods, landslide and debris flow. This program is being
implemented by the division and sub division offices and in the
fiscal year (2068/69), Rs. 3.75 crore had been allocated.

E. Brief on Water Induced Disaster Management Policy
and DWIDP
i.  The Water Induced Disaster Management Policy 2062

Government of Nepal has approved "Water Induced
Disaster Management Policy 2062" on 15 Chaitra 2062.
In this policy following subjects are highlighted.
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) Emergency protection
) Water Induced Disaster Mitigation
c) Natural Resource Conservation
d) Utilization of flood plains
) Institutional Management and Development

e

Organization of DWIDP

For the smooth functioning of the departmental activities
the department consists of multi-disciplinary professions of
different levels. These professionals have been mobilized
in different offices within the department; the general
overview is as follows: Organization and management
(O&M) survey has been conducted for the proposed of
new organization structure as per the need assessed.

SN. Description Depariment Division SUb Total
Pool | Regular division

1| Gazetted (Tech.) 3 - - 3
2 | Gazetted Il (Tech.) 7 7 - 14
3 | Gazetted Ill (Tech.) 2 19 22 5 48

4 | Gazetted Il 3 - - 3
5 | Non-Gazetted (Tech.) 8 15 44 10 77
6 | Non-Gazetted | 6 14 - 20

7 | Non-Gazetted Il (Tech.) - 2 - 2
8 | Non-Gazefted I 2 7 10 19
9 | Non-classified 5 30 10 45
Total 10 60 126 35 231

Physical Facilities of the DWIDP
1. Central office at Pulchowk

2. Hydraulic Laboratory at Godawari, having the
following facilities,

* River simulation model facility
e Debris flow simulation model facility
* Soil testing facility
e Concrete testing facility

3. Heavy equipment workshop at Baneshwor. It will be
shiffed to Division No. 5, Bhairahawa in the near
future.

4. Seven division offices, five sub-division offices and
four unit offices at different districts all over the
country.

5.  Gabion Biratnagar,
Parwnipur, Pokhara, Nepalgunj and Dhangadhi.

net weaving machines in

Organization Structure

Ministry of Irrigation

Department of Water Induced Disaster Prevention
Director General

Research, Training and Monitoring Division
Deputy Director General

Study and Implemantation Division
Deputy Director General

_{

Central Projects ‘

Training and Information
Section

River Traning
Implementation Section

_{

Administration Section ‘

Technology Development
Section

River Traning Study Section

_{

Account Section ‘

‘ Legal Section ‘

Mechanical Management

Section

Division Office
7 nos.

Sub Division Offices
5nos.

—{ Project Implementation section ‘
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Loss of Lives by Different Types of Disasters in Nepal

As records mentioned in the following table, the total loss
of lives by different types of disasters from 1983 up to 2011 is
22811. Amongst the different types of disasters, the epidemic
caused the highest death as of 11490 in between 1983 to
2011. The second position comes of flood and land slide
that caused the total death of 8052 in the period of 1983 to
2011. The table 1 reveals the fact that the loss of lives by the
flood and landslide is the most and the death rate is constantly
fluctuating in the higher range where as the death rate by
the epidemic is decreasing per year during this period. The
reason may be of increasing awareness and various facilities
in the health sector. The table even shows the fact that the
condition of losing lives by the flood and landslide is severe.
The reason may be of lower awareness of people on flood
and landslide damage and poor mitigation measures applied
by the affected community and the government of Nepal.

The number of 252 persons lost their lives by landslide and
flood in 2011 which is of 49.50 percent of the total number.
The second position comes up of Wind storm, Hail storm and
Thunderbolt causing the death rate of 20.62 percent of the
total loss of lives in 2011. Then the third position is of Cold
wave causing the death rate of 14.63 percent. Then comes
the fourth rank of fire which caused the death of 9 percent of
the total death of lives in 2011.

In this way, the death causing disaster factors in 2011
are mainly flood and land slide, wind storm, hail storm
and thunderbolt in Nepal. Thus, we can conclude that the
government of Nepal needs to undertake the mitigation
measures to cope these factors immediately than others in
order to save the lives and property of the people.

Table: 1
Loss of Lives by Different Disasters in Nepal
(1983-2011)
IT)‘;E:sst::s 1983 (19841985 1986| 1987|1988 | 1989|1990 | 199119921993 | 1994| 1995|1996 | 1997 | 1998| 1999|2000|2001| 2002|2003 | 2004 2005 | 2006 | 2007 | 2008|2009| 2010|2011 Total
[Ia(;od‘;ﬁ(des 293 363 420) 315 391| 328| 680| 307| 93| 71| 1336| 49| 203| 258 83| 273| 193| 1/3| 196 441 232| 131 141 114| 216| 134 135 240| 252| 8061

Earthquake 0 0 0 O O 7700 o0 0 O 2 0 O 0 3 0 O 0 O 71 0 O 0 O 0 0 0 0 0 6 733

Wind storm,
Hailstorm & NA| NA| NA| NA 2| NA| 28] 57\ 63| 20| 45 47\ 34 75| 49| 23| 22| 26| 38 6| 62| 10/ 18] 15| 40| 16 7| 700 105 878
Thunderbolt

Avalanche 0 0 0 0 O 14 200 0 0 0 0 o0 4 4 120 0 5 0 0 0 0 0 21 NA| 6] 0 2 NA | W
Fire 69| 57| 52 96| 62| 23| 109| 46| 90| 97| 43| 43| 73| 61| 65 54| 39| 37\ 26/ 1| 16/ 10 28/ 3| 9| 11| 35| 69| 46| 1380
Epidemic 27| 521 915\ 1101| 426| 427| 879| 503| 725 128 100 626| 520| 494| 951| 840| 1207| 141 154) 0| 0 41| 34| 0/ 3| 10 462| 36/ 9| 11470
Stampede 0f 0f of o 0 71 o0 o0 o0 o0 0 o0 o0 o0 0 O O O 0 0 0 0 0 NA NA| 0 0] NA = n
Rainfall e e e e e e e e O ) ) (R ) (R ! ! I I B | 1
Boat Capsize T e e ) ] e e I e e e I I IO I I ) BN BN BN BN B 6
e )
Cold Wave et e e It ) Y AN N IO I I I Y IR IR I IR I B V) 72
Total 579| 941|1387| 1512| 881 1584| 1716| 913| 971| 318| 1524| 765| 873| 895| 1160| 1190| 1466| 377| 415| 458| 310| 192| 242\ 132| 274 171| 641 415 509| 22811

NA: Not Available Source: Ministry of Home Affairs
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Comparative Disaster Scenario of Nepal Since 1983 to 2011

In the year between 1983 to 2011A.D., the total number
of 22811 people lost their lives by different types of disasters.
In the first 11 years only of 21st century, total number of
3759 people lost their lives from various disasters which is
of 16.47 percent of the total number of lost lives from 1983
to 2011. In the previous 11 years from 1990 to 2000A.D.,
the number of 10452 people lost their lives from different
disasters which is of 46 percent of the total death of people
since 1983 to 2011A.D. This is 29.53 percent more than the
death casualties of last 11 years(table: 2). In the first 11 years
of 21st century, total 1888 people were injured consisting of
8.47 percent of the total injured since 1983 t02011. In the
previous 11 years since 1990 to 2000 A.D. 5666 people
were injured consisting of 25.44 percent. This is 17 percent

more than the injured number of people of last 11 years(
Table: 2).

In the last 11 years, the total number of 46792 live stocks
lost their lives by different disaster factors which is of 56.76
percent of the tofal loss of live stocks since 1983 to 2011 A.D.
In the previous 11 years since 1983 to 2000 A.D. 12994
number of live stocks lost their lives by different disaster factors
consisting 15.76 percent. In this way, the figure in the table 2
shows that the loss of live stocks in the last 11 years is higher
than the previous 11 years. Thus, the facts in this table show
that the condition is severe in livestock raising in the last 11
years. Comparing to all the years 1983 to 2011, the highest
number of live stocks lost was 21881 in the year of 2007
which is of 25.69 percent of the total as shown in the table:2.

In the last 11 years of period, the number of houses
destroyed by the different disasters is 130442 consisting the
percentage of 30.57 of the total number of the period of
1983 up to 201 1. In the period of previous 11 years 1990 up
to 2000 A.D. the number of houses destroyed by the different
disasters was of 122390 which is of 28.68 percent of the
total of the period of 1983 to 201 1. In this whole period, the
highest number of houses destroyed was of 108801 in the
year of 1988 as shown in the figure (Table:2) the major cause
was the earthquake in 1988.

During the period of last 11 years, 281182 numbers of
families were affected by the different disaster factors which is

of 31 percent of the total of 1983 to 2011. In the previous
11 years 1990 up to 2000, the number of 447363 families
were affected by the different disasters which consists about
50 percent of the total affected families since 1983 to 2011.
Thus, the facts show that the affected families were more in
the previous 11 years than the period of last 11 years which
is 19 percent more. The table 2 shows that in the last 11
years, 75965.98 ha of land was affected which consists
64 percent of the total land affected area since 1983 up
to 2011. But in the previous 11 years since 1990 to 2000
the land area of 57334.25 ha was affected by the different
disaster factors which is 48.55 of the total affected land since
1983 t0 2011. In this way, the facts show that 15.45 percent
more land is affected in the last 11 years than in the previous
11 years. Thus, we can come to the conclusion that more
natural hazards (flood and landslide, wind storms) might have
occurred in the last 11 years than in the period of previous
11 years. The reason might be population growth, higher rate
of migration, forest area encroachment causing more natural
hazards.

The figures in the table 2 show that in the last 11 years,
the numbers of 225.46 public infrastructures were affected. In
the previous 11 years since 1990 to 2000, the total number
of 105 public infrastructures were affected by the different
disasters since 1983 to 2011. In this way, the number of
affected public infrastructures is higher in the last 11 years
than in previous 11 years.

In the last 11 years as shown in the table 2, the estimated
loss was of Rs. 8542.92 million by different kinds of disasters.
In the previous 11 years since 1990 to 2000 A.D. the estimated
loss was of Rs.12409.5 million. The total estimated amount
since 1983 to 2011 is of Rs. 34180.319 million. Thus, the
period of last 11 years, consists about 25 percent of the total
estimated amount of loss. Previous 11 years’ period consists
about 37 percent of total estimated loss and the period of
1983 to 1989 (only 7 years in accordance of available data)
consists about 38 percent of total estimated loss which is the
highest of all. This concludes that the natural disasters were
highly occurred in that period of 7 years only. The serious
earthquake also was occurred in 1988 which caused the loss
of higher level of lives and properties.
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Table: 2
Comparative Disaster Scenario of Nepal since 1983 to 2011

FEEED Livestock Houses Affected Public =S
Year . Loss Destroyed Family feljgg 2?'{;1.) Infrastruc- (IMicl’ﬁgn Remarks
Death Injured (Nos.) (Nos.) (Nos.) ture NRs.)
1983 579 NA 248 12 NA NA NA 240
1984 941 NA 3547 10597 NA 1242 869 49
1985 1387 NA 3399 7166 NA 1355 436 23
1986 1512 NA 6566 3370 NA 1315 436 23
1987 881 162 1852 36220 97036 18858 421 2005
1988 1584 12538 2788 108801 70197 NA 4365 6099
1989 1716 3014 4240 7648 NA NA NA 4172
1990 913 196 867 6352 8462 1132 NA 139
1991 971 43 642 5510 6426 283 39 43
1992 318 17 1586 13997 11535 135 66 52
1993 1524 246 NA 21911 90911 NA NA 5189
1994 765 155 1329 3234 11701 392 NA 184
1995 873 1937 2053 10275 134216 41867.26 NA 1933
1996 895 1527 2480 30014 58329 6063.4 NA 1579
1997 1160 1120 1191 4825 46054 6063.4 NA 410
1998 1190 117 1179 15082 36987 326.89 NA 1230
1999 1466 146 650 4304 17842 182.4 NA 509
2000 377 162 1017 6886 24900 888.9 NA 11415
2001 415 132 665 6103 15908 NA NA 526.55
2002 458 287 2126 19856 40935 10077.5 NA 525.56
2003 310 160 1125 6819 11730 2360 NA 989.93
2004 192 220 888 4818 16997 0 NA 341.09
2005 242 153 955 3169 4315 0 NA 387.21
2006 132 88 10098 3765 19023 3396.84 NA 392.31
2007 274 144 21861 37984 117203 513.650 NA 1928.55
2008 171 55 7066 13864 21600 21315 NA 1633.28
2009 641 117 228 1050 3028 NA 4.88 420.25
2010 415 261 1526 23370 19026 200 no 2.85 1398.19
2011 509 271 254 9644 11417 120 0 616.899
Total 22811 22268 82426 426646 895778 118087.24 6639.73 | 34180.319
Note: NA - Not Available Source: Ministry of Home Affairs
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Figure 1: All Types of Disasters, 1983-2011
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Fig.1.1: No. of Deaths
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Fig.1.2: No. of Family Affected
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East Rapti River Training with PEP Perspective

Krishna Prasad Rijal
Engineer, DWIDP

Introduction

East Rapti River, a tributary of Narayani River which is a major river system of Nepal, is situated at
the central part of the country. It originates from Chisapanigadhi of Makawanpur district and merges
with Narayani River at Khoriya, Meghauli VDC of Chitwan District. At the downstream from Hetauda
municipality, this river is almost parallel to East West Highway and flowing towards the West. The
total length of the river is about 117 km. Total catchment area of this river at the confluence point
with Narayani is 2665 km?. This river is steeper at its origin and the upstream part, while middle
portion has moderate to flatter slope and the lower portion has flatter slope. It is a non snow fed river,
however, perennial in nature. The major tributaries of this river are Samari, Karra, Lother, Manahari,
Pampha, Budhi Rapati, Ladra, Kayer, Khageri etc. The adjoining VDCs through which this river flows
at Makawanpur are Bhimphedi, Nibuwatar, Aambhanjyang, Padampokhari, Handikhola, Basamadi,
Manahari and Hetauda municipality and adjoining VDCs at Chitwan are Piple, Bhandara, Pathar,
Kumroj, Padampur, Patihani, Bachhauli, Jagatpur, Sukranagar, and Meghauli. The left part of the

Figure 1: Map of East
Rapti River, Source:

river at Chitwan district is covered by forest and the forest is reserved by Chitwan National Park. Master Plan. 2010
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Figure 2: Min. and

Max. Instantaneous

discharges measured

at Rajaiya, East
Rapati, Data Source

-DHM

The upper part of river bed is composed of sand and gravel bed material where as the lower part, at
Chitwan district, consists of silt and sand bed. Most of the steep tributaries joining to this river carry
heavy sediment through the debris flow. This has caused the river to be of the aggrading nature.
The consequences are frequently changing nature of the river in plan and profile to cause increased
water induced hazards.

The hydrological data measured at Rajaiya station of East Rapti River in Makawanpur district, figure
2, shows the yearly maximum and minimum instantaneous discharge. The minimum instantaneous
discharge is nearly constant over the years where as the maximum instantaneous discharge has
increasing trend with the peak value of 3260 m®/s occurred in the year 2004. The increased trend
of maximum instantaneous discharge has become the notion of increasing trend of flood hazards.

Hazards Caused By East Rapti River

Water induced hazards are mainly caused by erratic rainfall, fragile geology and poor vegetation
coverage. East Rapti River basin is also engrossed with such hazard causing characteristics. Also,
at many places along the bank of the river, the flood plains and adjoining land are encroached by
people for seftlement and agricultural purpose. Slums have been made at various areas of Hetauda
and Manahari near the highway. These encroached areas are most severely affected by the flood
of East Rapati River. The torrential rainfall at monsoon season, nearly about eighty percent of the
annual rainfall within the four months from June to September, causes very high peak discharge in
this river. This causes flood events and inundation even at high lands at various parts of Chitwan
district. Summary of water induced disasters occurred in Chitwan and Makawanpur district in the
past two decades is depicted in table 1.
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Table 1: Losses due to Water Induced Hazards in Chitwan and Makawanpur districts

Losses due to landslides and Floods in Chitwan and Makawanpur districts
Chitwan Makawanpur
Year Person | Person | Family House egr;l\c;gre Person Pgrson Family House D:;GE;LO
Dead | Injured | Affected | destroyed land (hc':) Dead | Injured | Affected | destroyed (}'m)
1992 1 1
1993 24 5293 2206 741.0 247 14748 3010 4112.0
1994
1995 11 6 5.4 1 1 1
1996 12 1.0 1 1
1997 2 1 55 56 55
1998 37 1.5 5 2 42 27 1.4
1999 20 890 0.1 78 20
2000 7 3 2 9 5 677.3
2001 1 212 91 270.9 281 81 135.5
2002 30 146 1753 1375 3538.9 113 26 82 138
2003 14 5 134 136 8 66 74 5.4
2004 1 1 24 2 1407 1446
2005 2 1
2006 4 209
2007 11 150 2.7
2008 7 7
2009 4 1
2010 2 784 101.6 3 4 42 11
Total 98 152 9189 4041 4660.4 418 42 16827 5019 4934.2

Source: Disaster Review (1992- 2010)

Some of the specific hazardous impacts caused by this river can be summarized as below:

Impact on road and bridge

East Rapti River flows along the road corridor at certain stretches in Makawanpur district. The road
is at the left side of the river. At various locations the river has made toe cuttings to the road slope.
The bridge at the East West highway at Hetauda Municipality is also vulnerable to flood hazard. The
right bank of the river has disastrous effect to the bridge structure.

Impact on cultivated land and settlement

The morphology of river is braided at certain stretches at the upper part while it is meandered at the
downstream reaches. The high rate of sediment yield from Chure area and from other parts of the
catchment has caused the river bed raising. The aggrading nature of the river has made it unstable
river. The geomorphological change in the river has made it more hazardous. The bank erosion
and flooding has impacted on cultivated land and settlements. The river hazard affected VDCs
in Makawanpur district are Bhimphedi, Nibuwatar, Aambhanjyang, Padampokhari, Handikhola,
Basamadi, Manahari and Hetauda municipality and in Chitwan district are Kumroj, Padampur,
Patihani, Bachhauli, Jagatpur, Sukranagar, and Meghauli. As per East Rapti master plan study

25



DISASTER REVIEW 2011 DWIDP

report 2011, Makawanpur district can reclaim 2000 ha of land and Chitwan district can do 7200
ha.

Impact on tourism sector

Chitwan district is one of the important tourism destinations of Nepal. The Chitwan National Park,
situated in this district, has been a place of attraction for natural beauty, Jungle Safari, elephant
riding and wild life viewing and the like. The major places for tourism importance are Saurah,
Patihani, Jagatpur, Sukranagar and Meghauli. Most right bank of this river at Chitwan district has
been developed as tourism destination. About one half dozen of new and attractive tourist resorts
are under construction. However, the bleak picture is that, the existing resorts and even those under
construction are not risk free from flood hazards. The bank erosion has been regularly affecting the
resort areas and the structures made thereof.

Impact on conservation area

The Chitwan National Park, an important conservation area of the country, is suffering from
landslides and bank erosion due to the unstable nature of this river. The river frequently changes its
course at the milder slope stretches and cause direct and indirect impacts to the existing flora and
fauna residing over there. The unplanned and scattered interventions along the river course cause
adverse effect to the ecosystem of the conservation area.

Existing River Training Works and Attempts

Most likely, considering the importance of this river and hazards caused to people and its economic
value, various studies have been made in this basin and river training works have been initiated.
As the major responsible agency for water induced hazards, Department of water Induced Disaster
Prevention (DWIDP) has major contribution to the study and implementation of mitigation measures
of these hazards.

A significant work was done by JICA/DPTC in this river in 1999. This project constructed 18 km long
earthen dam at the downstream of Lother khola and spurs at various locations. In total 87 numbers
of spurs are existed in the Chitwan district part of this river as reported in master plan, 2010.

Under DWIDP, Bara division is the responsible agency for study and implementation of water induced
hazards in Chitwan and Makawanpur districts. This division has also conducted river training works
in this river in both districts until People's Embankment Program started its interventions.

River Training Project, Pulchowk, Lalitpur also has worked in this river in FY 2067/68. This project
has constructed embankment of 1305 m length and seven numbers of spurs at different places in
this river. Beside these, various works have been done by Department of Roads, I/NGOs, Local
bodies such as DDC and VDCs, and local land owners and hotel/ resort owners.

PEP Intervention

People's Embankment Program started since FY 2066/67 for river training of large rivers based on
master plan approach. Initially, seven number of field offices under co-ordinator's office started river
training works for ten rivers. Later on, thanks to the effectiveness of projects and popularity it gained,
further extension of the program is being demanded for remaining major rivers. Till date, PEP has
fourteen numbers of rivers and East Rapti River Training Project, under coordinator's office, is one of

them started since FY 2067/68.

26



DISASTER REVIEW 2011

DWIDP

Table 2: Progress of East Rapti River Training Works

District (%) Physical Progress | Financial progress (%) Time Progress
(%)

Makawanpur 13.0 7.32 40

Chitwan 5.1 4.23 40

(Overall (East Rapti 6.6 4.84 40

Source: East Rapti River Training Project, PEP, Pulchok, Lalitour.

East Rapti River Training Project, as per master plan, has set target of 5 years time to accomplish
major river training works in this river. The plan consists of 40 km of river training works in Chitwan
district and that of 10 km in Makawanpur district. Cost purposed for these works in Chitwan district
is 1.65 billion and that in Makawanpur district is 0.409 billion. Taking about the progress of the
project, in this fiscal year this project has completed 1416 m of embankment and 7 numbers
of spurs. Till date, including the progress made by river training project, the total infrastructures
constructed is: 2721 m of embankment, 14 numbers of spurs and 4 numbers of cross drainage
structures and bioengineering works of 10,000 m? areas. Additional to physical infrastructures,
detailed study of the river training works and water user association training works also have been
undergoing. As compared to master plan, the progress of this project fill date is presented in table 2.

The progress achieved fill date shows that this project can't be completed within the planned period.
The main cause of this is the allocation of insufficient yearly budget. If allocation of yearly budget is
in the order of that in the last year and assuming the total project cost is constant, it needs total 34
years of time to complete the project. This project, additionally, faces a problem of free access in the
national park area for the purpose of study and construction works and also, the royalty of riverbed
material is so high that it will dramatically increase the cost of project if required to be paid.

Figure 2: Spur
and Embankment
constructed at
Hetauda and
Rajaiya by People's
Embankment
Program, Co-
ordinator's Office,
Pulchowk, Lalitpur.
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East Rapti Training
Participants and
Resource Persons

Way Forward

Though East Rapti River has national importance due to its flowing through Chitwan National Park

and Tourism area, it is not getting due importance and priority for river training works. From the
past experiences, projects on ad-hoc basis and with uncoordinated manner couldn't yield expected
results. Now, the People's Embankment Program has shown the silver linings. The government
has to allocate required budget as per the master plan. Besides, appropriate policy and proper
coordination should be made for use of riverbed materials and prompt action should be taken to
the issues which potentially could hurdle the progress of the project.

Another important thing to be considered is the necessity of a concrete program and policy for using
the reclaimed land. If this land is private there would be no problem, otherwise, there might be issue
of ownership and use of the land. DWIDP's work fill date is limited to river training works. So, an
appropriate government agency shall be entrusted to ensure the proper use of the land. Also, the
issue of land ownership and administration shall be addressed properly.

Conclusion

Even though East Rapti River is small in shape and size, it is not small in its importance. If's centrally
located in the country and is also a tributary to Narayani River, a major river system of the country. It
flows through Makawanpur and Chitwan districts. The latter is called the seventy-sixth district of the
country and also one of the districts with aftractive tourism destination.

In the contrary, this river is causing hazard to people, cultivated land, infrastructures and tourism
areas. The economic value of the losses is very high and social and environmental losses too,
probably not recoverable. Though various efforts have been made in the past, no significant
progress has been observed in the result. Now, the People's Embankment Program, which works
on participatory based master plan approach, is performing well and gaining popularity among the
public. The government shall promote such type of projects and programs for the further benefits of
public which could support economic development of the country as well.

28



DISASTER REVIEW 2011

DWIDP

Cause, Mechanism and Impacts of the Seti River
Flood, 5" May 2012, Western Nepal

Introduction

The southern slope of Annapurna range has been
experiencing avalanche triggered high intensity floods also
in the past. On August 15, 2003, the Madi River suddenly
experienced an unprecedented flash flood, which destroyed
the recently built rural road and triggered many landslides
on it's course and killed 5 people (Dwivedi, 2005). A
catastrophic flash flood has occurred in the Seti River in the
morning of May 5 2012 and has killed 72 people and has
caused tremendous damage to the lives and livelihood in
Sadikhola and Machhapuchhre VDCs of Kaski district (Plate
1) Both of flood occurred in a clear day and no glacial
lake of significant size were spotted in the satellite images

captured before the flood event.

Avalanche Triggered Floods in Kaski District, Nepal

Plate 1: Avalanche triggered Floods in Kaski District

An attempt has been made here to find out the cause and
mechanism of the initiation of the Seti Flood by analyzing
the Landsat ETM satellite images captured before and after
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Engineering Geologist
shreekamal@gmail.com

Yojana Neupane
Engineering Geologist
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the event and suspended sediment sample collected during
the flood event . The event has also been reported by NASA
as a huge landslide (NASA, 2012).

The Avalanche area:

The Seti River originates from the bowl shaped valley
surrounded by the mountain Machhapuchhre ( The Fishtail
Mountain) in the south , Annapurna Il in the North west
, Annapurna IV in the East direction. The circular valley is
glaciated in the higher altitude. The close observation of the
satellite images of the area reveals sloping glacial terrace
and glaciers at about 5000 meters altitude on the western
slope of the Annapurna IV (Plate 2 ). The terrace is facing
south western direction

Cause of the Seti Flood of 5th May 2012

Legend
Collapsed Area

32196 59. meter

ETM Satelite Image Source : USGS/NASA Projection : WGS 84
Prepared by: Shreekamal Dwived, DWIDP, NEPAL

[ 500 1000 2,000

Plate:2, Collapsed portion of the ridge is about 32000 square mefers.

Cause and Mechanism of the Failure:

The rainfall recorded in Pokhara (37 km. South from the
avalanche area), Beni (50 km. South-west) and Jomsom (45
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km. North-west) stations show no significant rainfall in the
area. The maximum amount of rainfall 8.4 mm is recorded
in Pokhara at 16:00 hrs on 3 May 2012. The total rainfall
from the period 21 April to 5" May 2012 in the three
mentioned stations is given in the Table 1.

Table: 1 Rainfall recorded between April 21¢ to 5%
May 2012 in Pokhara and nearby area ( Source:
DHM, realtime data)

Rainfall Station Pokhara Beni Jomsom
Latitude 28%13712™ 28%167127 28°46°48”
| Longtitude 84° 00" 00" | 83%36°00" 83% 437 12"
21 Apnl 0 0 3
22 April 26 4.06 228
23 Aprl 0 025 0
24 Aprl 22 33 0
25 April 0 0 0
26 Aprl 0 0 0
27 April 0 0 7
28 April 0 229 0.26
29 April 0 0 0
30 Aprl 0 0 0
1 May 0 0 0
2 May 0.2 0 0
3 May 118 0.76 0
4 May 0 1 g
5May 04 254 0
Total 172 142 22.54
(Rainfall inmm.

While comparing the Landsat ETM satellite images of April
2012 and 6th May 2012 revealed that the area of about
32000 square meter of the southern ridge 1.5 kilometre
away form the Annapurna IV peak failed in the north western
direction( Plate 3). The impact of descending mass of the
failed mountain from 6850 meters to 4500 meters almost
vertically pulverised the ice, sediment and rock forming
depression at the major impact point ( Plate 4). The pulverized
mass formed dark brown cloud which was captured by the
ultralight aircraft camera. The main direction of the failure
was towards the North-West . The impact even triggered
seismicity (at 9:09.56 a.m. local time) which was recorded
all over the 21 stations of National Seismological Centre(
Sapkota and Duvadi, 2012). The seismicity was equivalent
to 3.8- 4 Richter Scale magnitude.
station at Dansing which is 32 km. south west from the area

The closest seismic

recorded the high signals for 70 minutes which corresponds
to the duration of the debris flow. The seismic signals were
recorded even by the global seismological network located
in Lahsa, Tibet. (Petley, D)

The huge vibration and the heat generated by the impact
caused the glaciers on the slope to fail. This whole mass
descended further down slope to 3300 meter south western
direction from where the Seti River starts (Plate 3 and 4).
The huge mass of debris along with Ice chunks rushed down
the river as a debris flow for 20 kilometres downstream at
Kharapani in just 28 minutes (almost 12 meters/second).
The flood arrived at Kharapani where the most casualties
occurred at 9:38 a.m. and reached the Dam of the Seti
Irrigation system at 10:35 a.m..

Landsat Satellite Image of 6 May 2012 which shows the dark
patch (middle right position) of deposits of the ridge collapse and
light brown colour of the whole area of mid-left part is due fo the
avalanche triggered there affer. The glaciers located in between the
.two patches have vanished in the right image

i Sy V8% X 4

Plate 4 : Photos taken form Ultralight aircraft a- (Left ) Before the
collapse of the ridge seen on the upper right corner of the photograph
4" May 2012, b-(Right) Affer the collapse. The triangular peak is the
Annapurna V. Photo courtesy: Avia Club Nepal.

Flood water Sediment analysis :

The flood water sample collected 100 meter downstream of
the Irrigation Dam in Pokhara was analyzed. Lab analysis of
the flood water sample revealed the density of the flow as 1.88
gm/cc. The result of sieve analysis of the dried suspended
sediment sample showed that it mostly contains fine sand and
silt (Plate 5). Visual examination the coarse grains showed
that it comprised of rock fragments of dolomite along with
grains of quartz and micas. The rock fragments are angular
to sub angular with medium sphericity. The sample also
contains 27% of fine soil with grain size <0.075mm i.e. silt
and clay sized material. In order to distinguish them further
dry strength test and shaking test were performed. The oven
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dried sample got easily powdered by rubbing it with fingers.
During shaking water easily drained at the surface of the
soil which confirmed that, the finer material in the soil is silt.
Hence the flood water contained bimodal particles of fine
sand and silt. Acid test done in the dried sediments indicated
calcareous contents in the flood water. Dark grains showed
effervescence when powdered.

Grainsize Analysis of the Flood Water Sample 5 May 2012, 12:00 Noon

Percentage passing

0.001 0.010 1.000 10.000 100.000

0.100

Gainsize mm

Plate: 5 The result of sieve analysis of the dried suspended sediment sample

Impacts of the Flood:

According to the eye-witnesses the flood lasted for about 5
hours with about 20 high surges different magnitudes. The
high water level at the dam weir at Pokhara was 2.15 meters.
The discharge estimation based on the water mark revealed
the peak as 935 cumec. The eye-witnesses in Kharapani
area saw huge ice blocks floating in the flood. They felt
vibrating ground and heard very loud sound similar to flying
of several helicopter together. The smell of the flood water
was muddy. Eye witness account during Tampokhari and
Dig Tsho Glacier Lake Outburst Flood (GLOF) events have
shared similar experiences ( Dwivedi et. al. 2000, Vuichard
and Zimmerman, 1986, Yamada, 1998).

The flooding in Seti River has caused great damage to the
life and properties. According to the Ministry of Home Affairs
forty people lost their lives and thirty two are still missing ( all
presumed dead) and five are injured. Estimated economic
loss is about eighty two million rupees including thirty three
million private properties and remaining forty nine million
public properties. Devastating flood damaged seven house
and seven shops. One km blacked topped road two km
gravel road, twenty five electric poles, four suspension
bridges at different places were damaged by the flood which
affected daily operation. Flooding also swept away twelve

vehicles including seven tractors, one van, two motorbikes
and two trucks. About 9.5 hectares paddy field has been
covered by sand. Flood also damaged two water mills and
45 meter drinking water supply lines resulting problem on
water supply in Pokhara..

Kharapani was a popular spot for picnic and natural hot
spring bath. There were people just arriving and some were
already in the hot spring ponds. The ponds were located
just below the terrace seen in the middle of the photograph(
Plate 6). The springs were located just close to the river.
The 6-8 meters high terrace above the river is now covered
with debris of about 1.5 meters. The houses located on the
terrace and below the terrace are all swept away. Now the
Most
of the causalities occurred in this area as the early warning

area is covered with thick debris of about 9 meters.

message could not reach this area.

Plate: 6 : Upstream view of the Kharapani Bazar, hotsprings and
parking area, now covered with thick debris.

Warning message of the Ultralight Pilot

Capt. Alexander Maximov, the pilot of Ultra Light plane of
Avia Club Nepal was in his regular sightseeing flight close
to the Mountain Machhapuchhre. He noticed the massive
avalanche on the western slope of the Mt. Annapurna IV.
A dark cloud evolved from the rock/ice slide (Plate 7). He
sent the message quickly to the tower of Pokhara Airport. His
quick understanding of the avalance and timely response
has saved hundreds of lives during the Seti flood of 5th
May 2012. He informed the tower at 9:16 am and the
message was broadcasted through FM radio and police
force evacuated hundreds of people living and working in
the bank of the Seti River.
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Plate 7: The dark grey cloud indicated by the circle formed by the
rock/ice slide. (Photo courtesy: Avia Club Nepal)

Conclusion:

After the analysis of the satellite images, photographs taken
by the Ultra Light Aircraft and the eye-witness accounts, we
conclude that the flood of 5" May 2012 in the Seti river
was caused by the massive avalanche which occurred
in the glaciated area located at 4500 meters a.m.s.l. on
the South-Western slope of the Annanpurna IV peak. The
avalanche was triggered by the failure of the ridge at an
altitude of 6850 meters and was located 1.5 km. south of
the peak which even caused seismic activity equivalent to
3.8- 4 Richter Scale in magnitude. Avalanche triggered high
intensity floods, (having density of 1.88 gm/cc in this event,
have similar characteristics to Glacier Lake Outburst Flood (
GLOF) are common in the Annapurna area.

Recommendation:

1. Experience during the Seti flood have shown that the
large scale disaster of this intensity cannot be averted,
hence a effective and functioning early warning system
must be installed in human settlements and in the areas
where people gather for recreation purposes.

2. Hazard Maps must be prepared in the vulnerable areas
with evacuation routes clearly displayed in public places

3. The early warning message reached Pokhara within 10
minutes of the initiation of the disaster

but due to lack of preparedness in warning dissemination,
the warning could not reach touristic area of Kharapani,
hence there is need of disaster preparedness in the
authorities.

4. People are seen entering in the river to collect logs and
dead fishes. Eyewitnesses reported that some people
who were already in the safe place ran towards the river
to see the flood and were swept away. Such practices

should be discouraged by conducting public awareness
campaigns.

5. People should not be allowed to enter in the flood plain
till the authorities announce end of the flooding as
surges may occur with time intervals.

6. The vibration caused by the debris flow could be
recorded by the seismic stations, the signals received
at Dansing seismic station and other stations should be
studied further to find out the possibility to develop early
warning system for the debris flow of larger extent such
as caused by GLOF.
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