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. FOREWORD

The unstable nature of mountain arcas of Nepal is well recogmzed The steep slopes
unstable geology and intense monsoon rains combine to make the young mountains one
of the most hazard pronie areas in the world, More recently there has been an incdease in
human seftfement in hazard prone areas as a result of populauon pressure and onset of
infrastructural development. As a result, natural atid man made d:sas{ers habe beei increased
- affecting great number of people than before. Floods and Landslide dunug the monsoon-
season are the main natural disaster oflen resulting in the subslamtal economic hutnan and
envnronmenla! losses

Information on disaster cvents is a primary input in disaster preVentwn and preparedness It -
is desirable to keep record of such information in the form of a report for common use by the

concerned agencies whenever necessaty to improve disaster policy and management
processes.

Water Induced Disaster Prevention Technical Cénter initiated preparation of Annual Disaster
Report to review disasters occuming every year and to record damages and other information

for teferences in future. It is also inteaded that information lhus accumulated will help in
preparatlon of National Dtsaster Statlsllcs m fulure

Annual Disaster Review 1995 is the forth ofa series of its kmd published by Water
Indiiced Disaster Prevention Technical Center (DPTC). The objective of the publication of
this report each year is to provide inforination on major disaster events, fo concerned
agencies, whenever necessary and fo get the lesson from the past disastets so that disaster
preparedness can be improved along with the improvement of disaster management policy.
This publication will help in the compilation of a comprehcnsive national disaster statislics.

T he present Disaster Review 1995 « covers a wide range of subjects ¢.g. the disaster record
of 1995, comparing it with the past disasters, the disaster situation, precnpllatlon paltern in
1995, mitigative approach against disasters, rescu¢ operation afler disaster and aclivities of -
Water Induced Disaster Prevention Techmcal Center (DPTC) to cope with various types
of water induced disasters, background papers refated to disasters and some typical
photographs of the disasters that occurred in 1995,

In 1995, monsoon s{ancd from 2" June. The distribution of prccnpltatlon dunng the- fiionsoon
period (June ~ Scptember) was alntost normal in the most part but some parts recorded
overnonmal prcmpilauon Though wide spread disasters were not notified in the’ couniry
but some major disasters in 9 districts e.g. Kholang, Syang]a Baglung, Siraha, Dhanusha,
Mahottari, Sarlahi, Rautahat and Bardiya were noticed.

The first half of the second week of November remained completely dry but in latter half
cyclone was seen over the Bay of Bengal and it moved towards the northem scctor resuItmg
unusual incessant and heavy downpour in Nepal, Due to this heavy downpour the second
phase disaster occurred in Manang, Solukhuinbu, Taplejung, Humla, Mustang, Panchthar
& Jumla districts causing heavy toll of fives and propedies including the death of many
foreign tourists. This heavy rainfall was notcd through out the ceuntry oxcept in thie Terai



Scctor of Far Western Developmcnt Region, -

DPTC acknowledges valuable co-operation reccived in the course of prcparation of this
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] Dcpartment of Hydrology & Meteorology, Depariment of Soil Conservation and olher
related orgamzauons with deep thanklulhess and gratitude.
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60 m at Térai (Jhapa) to: 8848 m at-Mt.. Evcrest in the iorth within a shorl horizontal
distaince of 90 to 120 K, thus making potential to disastets like landslide, slope failure,
soil crosion, debris flow etc. Mountain and hills of the country occupy about 83% of the
total arca whercas remaining 17%'is coveéred by 1ow and flat fand; stretching in the southem
. part of the country up to Indian border -

_ Gcograplncally Nepal is siluated from 26°22' {o 30° 27" North Lamudc aud 80° 4' to 88°
12' East Longitude arid is surronided by People’s Republic of China on lhe North and |

- India on the other sides. Nepal is a land locked country with nearest sea coast at 1,127 Km
away. The total area of the country is about 147,181 Sq. Km. with about 31,268 Sq. Km.
of cultivated area. -

‘Geologically, Nepal can be divided in five regions. The area siorth to Main Cendral Thrust
~is Higher Himalaya whercas between Main Central Thrust and Main Boundary Thrust ¢an
be divided into High Mountain and Middle Mountain. The area between Main Boundary
Thrust and Himalayan Frontal Thrust is called Siwalik Range and below Himalayan Frontal
‘Thrust is Terai range. The geological formation in each region are different. Geologically,
Himalaya and other mountain ranges have been formed by the orogeny, resulting from the
collision of the Indian subcontinent with the Eurasian continent. The orogenic movement
is still active as evidenced by major earthquake even in this century. The niountains and
hilly forms are young and unconsolidated and are fragile due to crustal destruction in the
course of the orogenic movement. Stecp slope gradient, intense precipitation and sparse
forest have made hills even more crodible.

The average annual precipilation is about 1530 mm. The variation ranges from less than
300 mm. in the dry region to more than 5000 nun. in the wet region.

~ Hydrologically, Nepal can be divided in five regions. Tempcralure goes on decreasing
~ froin South to North with increasiing altitude. The highest mean maximum temperature of
above 40°C prevails in the southerd plain of Western Nepal in hot season and falls below
0°C temperature in the snow-clad mountains of norther region in winter scason.

According to the population census of 1991, the population of Nepal is about 18,491,097
with an annwal growth rate of 2.58% and literacy rate is about 40%.



1.;0 'I:)isnster _in: 1995

1.1 Sunumary of damages in 1995.

Although the rainfall pattern in the carly monsoon period was norinal, some overnornmal
precipitation occurred on second week of November 1995. In total 42,190 families were
affected which secnis hlghcr thian that of 1994, However, 208 people lost their lives and 62
people were mjurcd In total 6775 housées were coinpletely danms_,cd by water fiduced
disasters’ hke floods and landshdes Out of 73 districts'affécted by the natural disastérs in -
1995, only 9 districts were severely affecied. To get the first hand information on the
damages in those 9 dlslncts. HMG/N, Ministry of Home formed a'commilige consnstmg of -
Technical and Non technical pcrsonnel The commitlee had submilted the damages in dctall
The facts and ﬁgures havc bcen utilized as rcporlcd m tlmt rcp(m

The damage due to dlfterent types of dlsasters ha\*c bcen tabulatcd in Table 1.1,/1.2, £.3,
1.4, l 5 and 1.6. :

“Plate 1.1, - co : Pholo [}PTC

'Dalilégc to Power cham_lél of Sunkoshi Hydropower Project dug o disaster of August 1995
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- TABLE 15 : DAMAGE DUE 'TO FIRE, 1995

) -, PEOPLE . . |AFFECTED | HOUSES DESTROYED | AFFECTED ' | LIVESTOCK | ESTIMATED
3N] DISTRICT DEATH|IURED]  FAMILY i (Nes) CATTLESHED | - LOSS LOSS - JREMARKS
N (Nos)| (Nés) (Nos.) - JCOMPLETELY [PARTLY (Nos.) {Nos.) (MRs}

1 | TAPLEJUNG 1 g L] . 404095

2 | PANCITTHAR ? 5 q { 519417

T|TTAM - ; E] 2 ) ‘ . 282,70

1 [THAPA ? 7 i 12 1 9 1] 46,359,183
SISARKHOWASABHA [ ™ 12 i 19 . i3] 4 3 & N
& | BHOIPUR R : 34 T 3 ] 3085075

7 [SUNSAR! 2 L2 591 7 L L B36117

8 |MORANG ] ] 386 - 143 2 D] T 1,54,45,565 |
9 [TELRATITUM : 3 “3 o i T TE1,700

10 | SOLUKHUMBU [l 80 44 8 4 3 3223586

11 [xnoTANG E] 1 42 49 ? 3 i 5. 672128 ’
12 |UDAYAPUR 3 18 18 j . - 3.22.90056 .

1 |SIRAHA il . 217 36 4 i 5 13,67,570

14 |SAPTARI- - ] 64 £63 i T2 33 7.11,5,287

15 |OKIHALDHUNG A 4 R 58 ] 1i 6197070

6 [RAMECHRAP 3 16 0. 301,72

17 |SARLATIL 2 3] 3] 2 3 [ 42 83550

18 | MAHOTARI L 240 240 ‘ i 5 5020400

19 | BHANUSHA : 816 _ 816 3 10 242,48 260

20 | BARA : 3 [ 51 14 [ L 1392910

21 | PARSA . 26 324 2 2 104 8554610

22 | RAUTAHAT 1 [ 1 2 L 600D

23 [ MAKAWANPUR 1§ 14 1 4 i 23,56,520

24 |[CHITAWAN 37 36 : 2 3 “2033670

25 | DHADIRG i 3 1 2. 2,13,7700

26 | NuUwAXOT i 1 : . 1,08900

27 | SINDHUPALCHOK ] 2 2 ] 3,00.000

78 [KAGHREPALANCHOX s il 37 ‘ [ - 31,06600

29 | BIHAKTAPUR : ;] 20 9 s 484070

30 | KATHMANDY - 1 4. 136 30 . 6 5 P - T6.87,500

31 |LALAPUR 2 - | [ i 2 10,453,000

32 | RASUWA i 5 H L 58000

33 | MANANG 1 - . . . 1,14.500

34 | TANAHL 18 5 14 147 75887646

33 | GORKHA 1 | w0 57 3 13, 5 7,26.58.004

36 | LAMIUNG n : : 34 . ) 2,81.87.231

37 | KASKI 33 n ? F; 2 49,580,310

35 |GULMI 1 L. 2 1 81,500

39 | ARGHAKBANCHI 26 24 2 kN 9 12,35577

40 [NAWALPARASI 5 2 2 20 4 2 _i10.889]1

41 | MUSTARG 1 i . PR Y1)

42 | PARBAT i 46 . 46 15 1 319734 _
43 | BAGLUNG ? . &3 57 4 12 9 36,83.920

a4 | RUK M 5 53 : 2 3 21,18007

45 | ROLPA I . 18 % 3 H 734640

45 | SALYAN 1 9 LTI 3 _ 1% 35 116,55.985

47 |[PYUTIIAN . 2 T B 1 : “1,89,400

43 |DANG 5 7. 3] 3 12 102,072 ]
49 |[HUMLA : H il 691,200

50 [JuMLA - 3 3 30250

51 | JAIARKOT F] 37 37 3 1 5.67,567

52 | BARDIYA 12 2 | 3,57672

53 | BANKE ? 1 49 12 67 4 141,93, 30G B
54 | BAJHANG 1 7 359840

55 | BAJURA — 2 2 2 U.25,446

56 | ACHIIAM 1 -9 - ) 1 - 355020

571 |KAILALL : 10 $ 1 E __donse |
58 | BAITADL 5 s s 1,012,550

59 | DADELDHURA : [ [3 _ _1sase ]

60 | OLAKIIA : - 2 2,31,000

61 §SINDIULI 3 1 .8 62 1 28,46,460

62 | SYANGIA ] 37 . s $,52,14,000

63 | PALPA : .5 5 L] 4 4,15,06,500

64 | RUPANDEHI 1 65 65 1 & 11,12,825 -
65 |MUGU | ® : (5] 18,99,338

65 | KALIROT ] i : 34,000

67 | SURKHET | o 23 3. Y | 20.90,77%

68 [OAILERF 1 1 58 i 1 17,57.484

3 | DOTT 4 q 1,97.900

70 | KANCIANPUR 6 1 7350786

71 | KAFUBASTO ] 172 177

72 | DOLPA 1| ] ] - } ]

TOTAL 73 78 & 0 1 35 jIe 49,16,00,119

Source : Ministry of Home



TABLE 1.6': DAMAGES DUE TO EPIDEMICS, 1995

- PEOPLE. )
S-N. | NAME OF DISTRICT ~Dead (Nos.) Injured (Nos.)
I [ SANKHUWASABHA 7
| 2| BHOJPUR 1
3 | MORANG 5 2
4 | OKHALDHUNGA 10 10
5 | KHOTANG 7
6 | SIRAHA 8 45
7 { SAPTARI 6 75
8 [ DOLAKHA 9 108
9 | RAMECHHAP ~ 1
10 | SINDHULL! 3
11 |BARA 3
12 - | NAWALPARASI 9 107
13 | RUPANDEHI 5 2
14 | PALPA | 4 1
15 | KAPILVASTU 6 3
16 | ARGHAKHANCHI 3 8
| 17 |syancia 4 1
18 | RUKUM 4 1
19 [rOLPA 25 35
20 | DANG 1 B
2t | SURKHET _ 9 |
22 {JAIARKOT ) 90 012 |
23 [HUMLA 7 -
24 |KALIKOT 19 19
25 | KAILALI 54 - 259
26 | DoTI 34 47
27 | ACHHAM 110 S 33
28 | BAJIANG 1 1
29 [BAIURA 20 20
30 | BAITADI 19 8
'31 | DADELDHURA - 1 §
32 [ KANCHANPUR ) 1 i
~ Total 520 1802

Source: Ministry of Home



2.0 Comparison of disasters on 1995 with the past disasters

The dlsastcr in 1995 is comp'vrcd with the disasters in the past and hbuhtcd hereunder. The
disaster data due to alt types of disasters since 1983 is tabulated for the comparison,

As per the available data the disaster in 1986, 1987, 1998 and 1993 are remarkable high.
In comparison by these disasters, disasters in 1995 is not so high. Within the last decade,
the property loss due to the disaster of 1993 was highest. Disaster duc to flood, landslide
& avalanches, the disaster at 1993 was too much higher among tlic tabulated 13 years
whereas the properly loss due to flood, landstide and avalanches was also remarkably high.

So, looking on the disaster history since past, the most effective disasters are flood, landslide
and avalanches.

Plate 2.1 - - i R Phola : DPTC
' ‘An old & big landshde at Thakani V.D.C. of Smdhupaichok dls{ncl
mduced due to gcologlcal & hydrologlcal rcasous .

Plate 22 =" Photo : DPTC (12 Feb. 1995)

Landslide induced due to poor water managenient, at Sangachok village of
Sindhupalchok - District.
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TABLE 2.6 : COMPARISON OF THE DISASTERS IN 1995 WITII THE PAST

DISAS’!FRS
IIBME D.LSASILB__!*J’J_DEMLQS
Year | 'Pe‘ople o | Livéstock | Families
, Dead (Nos} Injured Nos) | - qusé(Nés); Affected (Nos)
1983 217 . - e 88s ‘
1984 o521 - - | 9
1985 | . 915 R - ‘ -
1986 1101 . - S -
1987 | 426 - | _— | ;
1988 | s27. 0 f . - -
1989 879 | 2986 1. - -
1990 503 ; 151 - 41 - - -
1991 725 R | 233
1992 1128 _ T - -
1993 100 - ] ; . .56
1994 626 - - L.
1995 1520 1802 ' - L.

Source : Ministry of Home
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Role of Water ]nduccd Disaster Prevention T cclmical Cenh c (DPTC)
o in :
Disastér_ Manageinent

M. S. Paudel *

1. Int:oduction
o ‘

Topography of Ncpal varies from low lymg areas of the Gangetic plam wnh alhmde less
than 100 m. in the south to the High Himalayas with an altitude of about 8848 m. in the
North within a lateral distance of 90-120 km: The conditions like rapid population growth,
lack of education, deforestation, intensive agticullural practices, overgrazing has increased
the vuinerability of thie land slope by frequent landslides and soil erosicn problems. Besides,
the precipitation’ during monsoon is not uniform. So the kingdom of Nepal frequently
suffers from various (ypes of watcr induced disasters like soil crosions, landslides, flood
hazards, river bank cuttings etc. These phenomenon induced several hazaids to the
development of infrastructures gwmg direct impact to the people by destroying their living
environment and agricultural production causing serious imbalances i social and economic
developmcnt of the Nation.

Although consi_derable_illlprOVelilcllt_in‘ disaster management in the country has been done
in the past, several disasters still annoy us seriously in eah year making loss of lives and
property. Lack of traimng to various implementing level is being emphasized cach year, but
~ the mitigative measures are not found properly in disaster prone area. Government is irying
to make aware the staffs and local people on disaster m.tigation through different iypes of
teamnings and seminars but that is still insufiicicnt.

2. Background and Objective of DPTC

Realizing the hazard potentialily and weakaess in mitigation of these hazards in Nepal,
United Nations, Office for Disaster Reliel and- Co-ordination (UNDRO} requested the -
Government of Japan is 1977 to send a mission to assist HIMG/Nepal to formulate the
policies in the ficld of disaster mitigation and management. Aftcr that many number of
missions headed by different JICA experts visited Nepal. In February 12, 1990, HMG/Nepal
requested the Governmment of Japan for the establishment of Water Induced Disaster
Prevention Technical Centre in Nepal. With the joint effort of 3HMG/Nopal and Government
of Japan Water Induced Disaster Prevention Technical Centre (DPT(,) under Ministry of
Water Resources was established on October 7, 1991

The cslabhshmcm' objectivje of DP_TC is to slrengthen the capability of llis Majesty’s
Government of Nepal to cope with hazards due to water induced disasters through Technology
Development, Transfer of technology through {raining and Establishment of data base for
rescarch works.

I‘or the smooth ramninig of the resesich aclivities' of I)PTC a central office has been
constructed in Pulchowk with the Japanese Grant Ald Sitmtarly;: hydraulu, laboratory has
been estabhshed in Godavan. : :

* Direcror,*ll’a(er lnd'ured Disaster Prevention Technical Centre
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At present to enhance the ongoing rescarch work, DPTC not only docs the research work
by doing model construction works in various research areas on water induced disasters but
also advice on vatious on-going projects of HMG/Nepal 1o tackle with such disasters upon
the request. DPTC has concentrated its activities only on the field of water induced disaster
mitigation fike landslide mitigation, soil crosion and debris flow control and flood controt
works. These activitics arc being carried through various structural and bio-enginecring
measures. Besides Lhis, creation of people’s awareness through seminars and publications,
fraining technicians on disaster miligation and eslablishment of data base arc its major
activitics. So, in total activitics of DPTC can be broadly categorized into technology
development, training and information gathering and dissemination.

3. Activitics
3.1 Technelogy Development

The aim in this activity is to develop engineering methods appropriate to the local condition
of Nepal through the combination of indigenous nicthods and modern technology. I is
being targéted to publish guidelines on use of appropriate technology for the mitigation of
water induced disasters like landslide, soil crosion and river bank cutting. In pursuit of such
technology development, model construction works are being catried out al different selected
. sites to compare the effectiveness of various methods proposed and to identify the appropriate
ones. Besides this, one of the important activities under this is to provide technicat adwcc
on various ‘on going projects of HMG offices as and when rcqucstcd

" To achicve lhc above goals, various n'10dcl construction sites in Landslide, Sabo and River
~ Cutting have becit selected and survey aiid design of these model sites have been completed.

* The model construction work to idenlify the appropnalc mChnology bcmg done at various
“ model siles is dcscnbcd subsequcmly

311 Saba E ngmecrmg

' lhc achvmcs in this field cons1sls of 1dcnhﬁcauon of appmpnatc so:l erosion and debris
~Mlow prevention methods. Model construction work at 2 model sites have been started and
'n,sc"uch on remote sensing tcchmquc is being applied in one model site. The dchievement
1ilt now in individual model sites are as follows :-

a) - Nakhu Khola, Lalit{pur

\!akhu Khoh is a tnbutary of Bﬂ.gm'm river in Kathmandu Valley. A calasirophw disaster
- occurred in September 1981 in the Nallu and Lele sub-basins due to floods and debris
- flows. : The study and lmplcmenlatlon ol counlermeasutres against the debris flows are
. important and hence some works are being done to recommcnd the necessary measires to
: bc taken, ‘

- After -:omp!elion of detaited survey, establishment of varfous monitoring devices like raingauge,
waicr level gauge ‘etc. and preparation of master plan for debris flow and gully control, the
- model construction work has been started since 1994, Various types of check dams made of
- gabion, plum concrete, brush wood cle, including bio-enginecring work have been applied to
 assess lhe eficstiveness of cach types. As gabion wires used were destroyed by the debris mass

~
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in many debris flow arca, concrete cover over the gabion wire has been successfully tried. The
debris flow and gully erosion phenromenon monitered continuously prior to construction also.
ARer monitoring the debris flow occurrence afler construction, the data will be utilized in
preparing guidetines to find appropriate method for soil erosion control & debris flow control.

% : N 8
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&y 'l"'.h-'ff'. 4 Fo 4 L} o
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Plate L.

b) Pipaltar, Trishuli

- Red laterile soil is dominant it the fow altitude area of Nepal {usually 600 m to 700 m,
above msl) especially in Midtand and Siwalik Hills. This type of soil is crodible so that once
“vegelation cover is removed, it becomes barren and Soil erosion occurs severely. '

Plate 2 ' ' ' © Photo : DPTC

* Series of Savo Dam Uonstructed for Gulley Controd at Pipaltar, trishuli,
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excess deforcstation aboul 30 years ago and lack of proper plantation, soil and gully '
crosion are predominant fealnres of this region. Thcrcforc, Pipaltar has been sclected as a
model! site to carryout the study on soil surface erosion and gully crosion jointly with
Department of Soil Conservation and local people.

Afler studying the area and its nature various types of counternneasures against guily crosion
& gully head expansion, model construction works such as various types of check dams like
gabion, bamboo etc. along with bio-engineering works, has been ftried to assess the
effectivencss New technology for gully erosion controf liké PNC block construction has
successfully been tried in this model site. As preconstruction and during conslruction
monitoring data is recorded, post construcfion monitoring work will be continued to
incorporate these data for the préparation of guidelines on appropiiaté method for soil
crosion and debris flow control.

¢)  Sihwalik Hills

Siwalik hills compris¢ of sedimenlary rocks belonging to Meogene Age. It is the first range
of the Himalayas at North of Gangetic plain, extending 850 km. length from east to west
with 13% coverage of the total territory of Nepal, It is gealogically very fragile due to the

“unconsolidated materials. Further more, the forest resources of the Siwalik have been
decreasing rapidly. Because of these situations, the siwalik range produces a huge amount
of sediment and activates river aggr adatlon in the downstream areas, thus causing severe
flood disasters every year.

~ The objective of these model sites are {o prepare master plan for watershed management.
- Change in land use, change of river course and distribution of co!Iapscs by using satellite
- imagery is being plamlcd :

- For thesc studies, available aerial photographs of the central region before and after 1993

disaster has been collected. Besides, dcbris flow and sedimentation survey of part of Kamala
- river basii has beeni conducted. Many ‘of the streams of siwalik region are narrow and the places.
. are inaccessible, the study of the development of remote sensing technique seems necessary. '
Hence, acrial photographs of these areas are being studied in Japan to develop these techniques.

3.1.2 Landslide Engineering

“Landslide is one of the major water induced disasters. Due consideration is to be given for
landslide investigation before the planning of the infrastructures so that the stiuctures will
be less affected by landslide. It is scen that most of the infrastructurés damaged duc 1o
tandslide is in Irrigation & Roads. So, to make guideline on landslide investigation and

~ prevention techniques against the landslides of different natures, model study and construction

. works are being continued in some sclected model sites:

a) . At 48 Km. along Kathmandu-Trishuli Road
‘This landslide is located at Tigaun, 48+500 k. along Kathmandu-Trishuli road. The puipose
of study in this model site is to apply various types of landslide prevention measures for the

stabilization. Afier investigation for 2 years, master plan was prepared and following it, the
model construction work with special emphasis on toe loading, surface drainage, horizontal
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drainage, slream prolection cle. is being carricdout. Effectivencss of various lypes of
structures for surface drainage has been tried and efTective types has been identified. The
landslide movement data before, during and afler construction will be utilized in making
guidelines on landslide prevention work. The modcl construction has saved about 10 ha,
of fand and helped for the smooth operalion of traffic along the road.

:,geyz%‘gj:? AN -_ ‘ R
Plate 3. ) ]’holu : hPTC
Landslide Prevention YWork Exceuted in 48 ki, along Kathmandu-Trishuli Road.

1) At right bank of Tinau river at upstream of Butwal Bazar

This is one of the typical big landslidc situated on lower sivwalik formation. According to the
acrial photo interpretation, Tinau river narrows at the landstide ‘arca. The reason of studying
this hndshdc is to find the activeness of lanidslide. I the landslide is dctive, it may dath the Tinan
river in future which 'will be much more disastrous. Alter landslide movement study for two
monsoon scasons considerable displaccmcn! is found towards Tinau river. ‘This phenomenon
and lcchmqucs of investigation is planned 1o be prcscntccl and cxplained to various
* organizations of HMG/Nepal in Butwal like District Administration Office, District
Devetopment Commitice, Division Road Office, District hirigation Office, District Soil
© Conservation Office, other technical offices and so on so that they can <o fandslide investigation -
- by themselves which is one way of technology transfer. The landslide has been moved 1.25m
wnihm 10 months towards l:mu River Wthh is quile rmmrkahlc

¢} At 62 km. along Clmmli~l_|an| Read

This is large and typical landslide along ridge road. This landslide is being studied on the
request of Department of Roads of TIMG/N. The road being a important North-South road
of Mcehi Zone, the réscarch work, to control landslide with emphasis on crown excavation
and road cutling, check dam construction (o stop stream bank culting, toc loading, surface
drainage work, horizontal drainage boring and bio-cngineering is being ;mplemcnml jointly
by l)Pl C and Department of Roads

The model construction work is planned to be completed till next iscal year. Landslide monitoring

22



work before, during and afler construction is being continued to assess the effectiveness of
various structures proposed and constructed. The results obtained will be ntilized #n preparing
guideline on apprepriate methods for landslide investigation and prevention,

Plate 4. Photo : DPTC
-Gabion Check Dam for Toc Loading at 62 km. along Charali-llam Road.

The data from various mode! sites and other landslide arca under different Departments of
HMG/N has been collected. These data are being analysed. The preparation of guideline on
landstide investigation technigues and appropriate method of landslide prevention work has
been started from' this year. o

; d) At 19 km. along Ka’Ihn:anniu-ﬁ‘:ﬁsluili Road.

This landslide is logated al Okharpausya, 19 km. along Kathmandu-Trishuki road. This landslide

study has been carricd put on the request 'of DOR. After the csldb!islmiei!l of the n_mniioring '
- devices i.e. two automatic cxténsm_né!érs,f some pairs of simple extensometers, moving pégs,

raingauge, iltmeter, piczonteters ete. and analysis of the wionitoring data, the master plan of
landslide prevention work was prepared and handed over to the concerned projeet of DOR for

execution on 1994, The construction work is planned to be started from this year.

313 .Ri_vcr Engincering

“The main activitics conducted in river training works are to check the cffectiveness of
various types of river training stnictures at selected model sites, o

a) Right Bank of Malmkali River at Dodhara-Chadani

This has been sclceted as the mode] construction works in order 1o identify suitable methods
against river bank erosion in big Rivers by applying diffcrent types of spurs, revetments on
the experimental basis. River bank erosion is serious along right bank of Mahakali River in
Daodhara and Chandani VDC of Kanchanpur district. After completion of topographic map
of 10.5 km. length of Mahakali river and design of river training siructures jointly with
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Mahakali Trrigation Project, the model construction work upto 6 km. length is expected to
be completed Jhis year. The river training work has protected Dodhara and Chandani VDC
from flood of 1995 monsoon. Various types of peculiar structures like eylindrical gabions,
geo-textile and geo-grid materials in rivetment, skeleton works ete. are tried and research
on the cffectiveness of these structures are going on to find out their eftectiveness.

Piale 5. - -[hoto : DPTC
River Training Werk with Usc of Skeleton Work at Mahakali Riverin
Dedhar-Chadani, ' : '

b)  Bagmati River at Khokana

Lefl bank of Bagmai river in Khokana VDC, Lalitpur distri¢t has been selected as a model
site for river training works because of convenient location and suitability of site. The model
construction work has been completed ihis year. The purpose of this skidy is to construct river.
training struclure to control river toe cutling induced landstide. The constiuction work is.

o _ Photo : DPTC
Revetment Work along with Skeleton Werk at Bagmati River near Khokana,
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completed and no sign of further landstidé is observed. The monitoring work is still going on.
¢) Other Researches

Besides the model construction works, research on river bed variation on Bagmati river at
Valley and Terai, master plan preparation for Bagmati river conservation, improvement on
survey and construction methods along with the selection of alteriate materials like niortar
block instead of stone, research on mannings roughness coeflicient & study on success and
failure of existing river fraining structures aré going on.

3.1, 4, Model Ex{)crimé_nt in Ilydraulic L:ibi:)ratorj;

With the established hydrautic' model testing laboratory and malerial testing laboratary at
- Godawari, DPTC has conducted various types of research works and plan to test the
prototype in fulure. This clarify the chgineers how the demgned s{rucmres will behave
~ duaring conslmctmn

Advice on on-going Projcct's

Besides these, DPTC gwes adwcc oil vanous on going pro_lects of HMG!Nepal under the
request of concerncd projects on the related subjécts. Till now the reconn‘ncndahons have
already been prepared on following projects :

a)  Sabo Engincering

Debris flow and sedimentation survey inclnding preparation of hazard rnapping of following
rivers has been completed.

- Agra Khola :

- Belkhu Khola

- Malekhun Khola
- Palung Khota

- Lothar Khola
- East Rapti River
- Marin Khola

- Manahari River
- Kamata River

b)  Landslide I‘nginccrmg

Various landsllde area’ aloug the different road ali gnmcnls had been studied on the request
of DOR and rccommcndatmns were forwarded to the ¢oncerncd agenciés. )

. Lands’lidcj alo’ﬂg S_indhuli-B aiqep'a Road. .

- Mulkharka Landslide along Trishuli-Somdang Road,

- Landstides along Sﬁgadi Samphe Roads. -

- Landshde above gower chaniiel of Slmkosln hydtopower projcct
- Landstide below Kharamlar village in Nuwakot.

- "Rockfall on:Mugling. . :
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Joglmara Landstide. -

_ Landstide along various sectors of Mechi H;ghway (Charali- llam-Phadun-Taplajung)
Debiis flow at Bagarchhap of Manang Disdrict.

Purarichaur Landslide at puranchaur Imgahon Pro;eck Kask1

c) '.Rlver Engmeermg

Dcs;gn of rlver trammg work: at Bagmah nver after 1993 dlsaster was handed over to
’ D:stnct Imgahon Ofﬁce, Sarlatii. :

3.2 Tmin‘mg Ai‘t:wﬂés

As Ncpai is lack in expemse on dlﬂaster management vanous types of lrammgs are bcmg
 conducted to make fannhar the tec}mtcmns of HMGMN on dfsas{cr mitigation as explained
" below:- - _

| i) Gcneral Course i‘raming

The objectwe of this training is to tram techmcal personnel in the ﬁeld of dnsaster prcvcnhon

works by mtroducmg concepl and effect of watcr induced disaster prevention and rehabilitation

works, glvmg f‘undamcmal ideas and a wide underslandmg about the nccessnty of these works
:Th!S tralmng is bemg conducled lwo titmes a year for about 10- 12 nos. of field level

t¢chnicians (Ovcrseers) of concerned Deparlments of HMG!Nepai The training per:od is
“of three weeks, -

Elghly overseers (Slx batches) from different Government Instltuuons have been trained,
' Afler monitoring, this training has been found to be effective in implementation of disaster
managemcm The monitoring was done by sending model quesnonnalres to those
orgam.z,atlons sending for training, :

it} Advance Course Training

The objective of this training is (o train backbone professionals in the field of disaster
prevention and rehabilitation works and familiarize them with the proper technology for the
1mplemenlalxon of lhese works

'Thls lrammg is bemg conduoted once a year for about ]D nmamber of gazelted third class
technical profesﬂou&ls (Fuglxlecrs) worklng for dlﬂ“erent dcpartments and orgamza{mu The
'traunng pcnod is about ten weeks - :

-’]‘1]1 how forly gazetled level lramees (four balches) havc becn tramed Engingers from
‘related organization of HMG/N recéived knowlcdge on various {ypes of water induced
disasters with pmbable mlhgatwe approach This training is found to be very useful in
p}amung f‘or !he demgn and consimc!;on ‘of mfraslmclures : :

;il) ’.Inte'nsive Course Traming

_Thc objcctwc of lhls tmmmg lS io train future key staff member of DPTC. This training
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i being conducted ONCe A year for four numbers of gazctted third class techmcal prof‘cssronals
‘(Bngmeer) workmg m different dcparimenis afid orgam?atlons The tedining period is about
thlrly srx weeks. -

Ten nos. of gazetted level traiiees (four batches) from different Government Organizations
have been trained. As the purpose of the trammg is to develop core staff of-DPTC, some
among 1 these tramecs engmeers of HMG/N are mvolved in DPTC afler completlon of the
training ‘md others can also be mvnted to work in DPTC wherever (helr necesSNy arises. As
they havc gol long irme training, this type of couisé is also foimcl to be effeclwe

iv) ']"rammg Ahroad

_ Tolal 21 numhers of Ncpalese persomre] have been Iramed in Japan Tharland lndonesra,l
PhrlrppmeSfelc on various subjects: refated “to: disaster! mitigation liké- landslide; sabo
engineering, river engmeermg, hydrautic niodel test; boring techniques, hydrologlcal study,
materlal testing, flood risk analysis, disaster management etc, :

' 3;3 'In‘fémm}r‘bn'Acn'l_’iﬂ'es

“As aiready mentroned above DPTC conducts the disaster assessment works each ycar at
sonte disaster affectéd area so that care can be faken in future agaiiist such drsaster DPTC
‘played important role in the disaster asscssmient of July 1993 disaster throu ghdata collectron
and’ pubhcatlon of photo album; Snm!arly Nood flow caIeulahon at dlsasrer affected area at
various tivers on 1994 was conducted. DPTC made disaster assessment report of debrls'
flow drsasler al Bagarchhap, Manag drsirrct SRR X

Conipilation 'of various types of data through records of disaster, . various publications /
reports / documents / maps (topographlc geological, landuse; land system; land capabllrly
and reniotc seising), aerial photographs and disaster photographs rainfall. and dlscharge
data etc. is being done which will be put in data base computer programme 50 that there
wrll be easy access for data avar!abrhty in future. g

. To lnve muluql commumeauon and dlscussmn on drsaslcr nutrgatron strategy and to errculate
the new dlscovery on disaster mitigation techniques DPTC organwed Titernational: Scmmar
- on Water Induced Drs1sler on 1995 and is pla]mmg to do one on Novcmber 1996

It is to be noted that the Iack of public awarencss in disaster mmgalron and lack of co-

- ordination between :mplemenung agencies increase the hazard problem ritore, 8o, to have'
~belter co-ordination among: various ‘administrative- officers, teehnierans pollce ‘army,
politicians, women and other organizations, NGO & INGO’s ete workmg ity this field ‘and
to circutate the idea of disaster mitigation, DPTC. organizes roving’ seminars in all 5
- development rcgions covering the above mentroncd drselpllnes of 4. drsinols iri each regron
Since its establishment; DPTC has conducted 13 numbers-of rovmg seminars covering 45
disteicts. Tolal 528 numbers of partrcrpan{s from drﬂerenl dlserplmes p'rrlielpated in the _
seminar, This seminar seemed very. fritful; hence it will be commued in fulure too as per

. the demand of {hie participants from dnfterent orgamzatron :

DPTC co]laborates wrlh otlicr orgam?alrons like N pal Geologreal Soerety, UNDP (for".
I[)NDR Day Cclebr*mon) ICIMGD ( Regrona] PlIot lrarmng on’ !andsllde ‘hazard
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:'managemcnt it Hindu-kush Illmalaya) ESCAP. ( ‘Flood Rlsk Ana!ys&s and Mapping) to
organize various typcs of trammgs and. scmmarsfworkshops

T

various pub]tcat:ons like brochurcs, calendars, annual disaster rcwew photo album of 1993
disaster, DPTC news lelter ete. To generale public Awareness, pmnphlcts on disaster mitigation
cspcmal!y {andslide, river. lrammg and soil erosion control; flood hazard map of Bagmau

:nvcr elc has bcen preparcd and d;slnbutcd to various organwatlons and petsons. ,

‘ In connectton wnh dlsastcr m;magcment jn Ncp‘il DP’!C has preparcd wdeo docmnentary. _
_;_on D;saster 'of 1993, DPTC in Nepql ‘Awareness (chetana) & - Model Conslmcuon of
. DPTC. Among Ihese ‘Awareness s the video Iilm on ﬂood control work Whlch has been
"telecas{ed by Ncpal “Television and bcmg ex]ub;led at vanous locatlons Copy of thesc_
documenls have been provndcd to conccmed Qrgamzalwns upon the reqiiest. N

“In order’ to educate and produce hlghly quahﬁcd pcrsoxmel DPTC has sent 3 engmeers for
the’ Masters Degrée Course and thls wtll be followed in future too. :

‘4. ' Futire Progranme

'I‘he remammg modcl construction work will be complcted in the commg two and half years
- and post constmcl[on cvaluauon actwmcs will be conductcd to prepare guide lings on.

Sml Conservation "
Landslldc Mltlgahon -
Rlver Training Works

“The advice On_ ongoing projects and co-ordination with other organizations will be continued.

Advance rescarch will be done on model testing activities through: the model testing of
modei sile works. Bes:de these, public awareness programme will be continued along wuh
conducuon of seminars: The hazard/risk mapping of setected area will be prepared,

5.: - Conclusion’

“Within a very ‘short penod DPT(‘ has heen able to propagale its idea on the Water Induced

Disaster: Prevenuon, through dlf{‘erent kinds of activitics in very close co-operation with
; d:fferent agencies In-future also: DPTC seeks lhe help from those organisation who are
3workmg in this ﬁeld of Water lnduced Disaster. Thls w:ll help in the dmsler managcment
37p0tcnhahty of. the natwn as a whole o : :
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chris Flow Disastel at Bagarchhap VDC, Manang Dlstrlct
(A Field Report)

My S M{yaﬂma ®
Mr I, I(Jmlmm AL
“Mr. Binod Thoart %5%°

1.0 Illll oductlon

Thc debrls flojw’ drsas{er occurred in ward humber 67 8 & 9 of Bagarchhap VDC of
'-Mariang district in Weslcm developmcnt fegion of Nepal The total households in thc; '
affected’ vrliage aré 32 wrth about 190’ mhiabllants The aréa’is mlportant lrekkmg transit, -
srhiated along rrght baik of Marsyangdl river and surrounded by niahy satall local sprmgsl_
streams. Tt takes 2 days to reach Bagarchhap from Besrsahar “the’ dlsinct headquarter of
Lamjung through the variols types of. trarls Besrshahar is about 6 hours drive from,
Kathimandu through Prithivi hrghway and’ Dumre Besishahar road Agam the aif head,
Hunge, is about 1.5 days walk from the Bdgarchhap’ wheréas it fakes S hours to ‘feach
Chanie, district headquartcrs of Manang drslnct from Bagarchhap Henco Bagarchhap is
only and very important translt for the trekkers without any allémate foutes.’

- and small slroam wrth makimum dlseharge of 60 lps by which 2 pulVerizmg mills ‘were
running. The main occupation of the people in the arca is business, both hotel arid cuirio-
goods. At 1968, similar magnitude debris flow occurred through thé same stream aind whole
vitlage was destroyed. Afler some montlis, people in the village were rescitled there on the
debris fan and two conseculwc small magnitude debris flow occtirred aftcrwards wluch did
not affect much

2.0 Disaste_r condition

There is a proverb in Manang district that it will never rain in Manang. It hidd lia’ﬁﬁeir'ed &
in previous years too. That is why the people in the area are growing potato and some
pulses only. At November 9, 1995, it staricd raining which continued for alniost'3 Hours.
According to naked eye view, afler continuous rainfall at 15:30 PM of November 10; small
debris flow sceimed at the upsiream of the aliove stated stirall stream rufining llrrough msrde'\_ :
the jungle from the surface. At the upstream of the Bagarchhap bazaar, sniatl poridmg was -
observed for 3 hours. Dirly water in the stream’was obsérved since 15:30 Suddenly at' 18:45-
of the same day the pond-was bleached out with thunder fike seund which brought’ large:
size gneiss and schist boulders along with it and deslroycd atmost 14 households. Againat’
0:30 of November 11, the similar sound was heard with the debris whrch was hrfurcatcd
towards left from the top of the vrllagc : : -

As the place is lmporlfmt transit fthrough pass, to nnportant irckking spots lrl\o Amrapuma :
Muklmmh, almost 70 foreign frekkers were staying there that evening among which 6 were -

© ¢ killed in the disaster whereas remaining escaped after early srgual 15 people and 119 cattle were

killed in the disaster among which 9 were Nepali and 6 wete forelgners Among 9 Nepalese
6 were {rekking guides, cooksmd lrelpcrs Wi hereas accordmg to local enqulry rem’mnng 3 were,
'_ + . JICA Expert on Sabo E ng?needng, DPIC ‘ IR

*x  JICA I‘\pm on L mrdshde, DPrC
LA A fmdshd'e Lngincer, DPT C
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= !ocal pcople workmg in (hc- area, mlgratcd from nenghbourmg districts, Lumjung & Gorkha '
Among 4 destroyed houses 7 wére hote!s wheuas 2 were gencral shops

Accordmg to the cnqmry wuh thc nakcd eye wewer, aﬂer the obscrvatlon of dmy water
and ponding, local people . staried to évacuate thclr materials from shopsfhote!s and: they
“themselves escaped towards Ghelangchowk, at higher altitude. The current in the stream
‘was'so lngh that the people in the area found dlﬂ'lcully in crossing i it, The managcrs of most
of th hofels hid wariied the trekkers staying in their hotel, 'so that most of the trekkers
(more. than 60) escaped from debris, flow. At 18:30 1h kitchen and afterward whold building
of Su'argaduari Hotei was destroycd caUSmg the death of one cook arid on¢ guide, forc:gncr
trckkcrs could escape. ‘Al 18:45, thc bunldmg of Tibatan Hotel rolated and collapscd with
big sound whcro forelgne ln,kkers were Killed. It is interesting (hat the tourists of Swakgadwari
- Hotel md Marsyangdi Hotel were almost escaped where as those staying al Thakuri Hotel
and Trbe!an Ho!el wére killed. Tt was clear that whoever dropped thelr baggagc and escaped
humedly weie savcd and those trying to collect their baggage were killed by debrls ﬂow

3.0_ : Rescue Wor:k-

- After gétting the disaster news, the réscue team of Nepal Police and Aty from Manang,

" Lamjung, Pokhara aiid Kathmandu- réaclied the place by ‘various transport means: like
~ Helicopter, on- foot eté. Then after rescuc operation was slarled inimediately after the
disaster. Home Minister had alsd’ visited the area. DPTC teani visitéd the arca on November
19, 1995. Until the. survey period, total 15 dead bodnes were found including 6 foréign

~ trekkers. Among; 6 foreign trekkers, accordmg to rescue team, 3 were Canadian, 1 was
“Irish, 1 was British and 1 was German. It was doubted. that still 5 persons are missing
"mlong which 3 are forcigners

Thc posmon bf dcad body obtamed obvmusly clan{icd lhat Ihcy were hurrymg to escape

fron thie debiis ﬂow but:could Hot success. Among the collected dead body of forcigners,

they weie just rying to nmout hangmg their luggagé on their back whereas some were in
) ninning position wilh torch in hand. Among.9 dead body of Nepali people, 4 were tourist

. 'gmdes and cooks. Aniong 5 local residence,’ thrée dead bodies were such that the wife,

putting her child at her back was pullmg her husband to escape froni the house Accordmg
~to-the local people thc lmsband was dmnkard - :

. Accordmg to lhc Semor Supcnnlcnclem of Police for Gandakl zone Mr. Ananta Ram
Bhattarai,’ “who was prescm at the disaster spot for rescue work-during DPTC field visit a
* group of 155 rescue team membem from potice, army and local pcoplc were sull sc'nchmg

- the bodies and lost properiles ‘during DPTC field visil. .

4.0 'DlsaSter‘ AsscsSmcnt

; Bagarchhap villags is locatcd on the dcbns fan of a branch strcain whlch has been deposned'
fon: Marsyand1 chr tertace. lhc name of thc branch stseam is Thado Khola: and the -
“catchiment drea is about 3 square “kilometers with the main- streani length of about 2.8
- kilameters. 1t s, ﬂowmg down the ‘north facmg siope between the aliitude ranging from
12,800 /(3,900 m) af the top to 6, 8000 (2, 072 m). of Marsyangdl River at the bottomn,

-~ The mean gully bed gradient'is about /153 ie. 33 dcgrcc, The stream tumed right near.

the end of the debrns fan and- was ﬂowmg 1hrough thé-centre of lodgcs
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According to the site mvcstlgauon ‘conducted by Mr. 1. l\ltfaham, Mr: 8. M:yapma and B
Tiwari from thé debris fan up to the hcaght 400w (7, 874 Q1.), the plienoincnon was ‘clear
with' the following: debiis flow characteristics. (I‘lg 1 )

o It had clear front part with blg boulders wzlh about 8 m 'diameter. The front part’
.- stopped in the village -

o . The rare part followed front part 'md spread over w;der area than lhc from part‘

ik "j:l)eposﬂed matérials had shoWn random structures (Mlxlmc of mud lip 1o blg?
S bouldcrs) ‘

( '0“ Deposmon clearly observcd ina lmnled area.

e '”The. speed of flow was very fast 50 lhat vicllms were found out m nln- awayl
RN {)osmon :

. Thc rare part washed away lhc early deposmon So tha! slteam is flowmg belween_
“Sto 6 m down from both banks frOm top to middle of the ncw debns fan

The gully on the. ex:stmg fan was formed aice on lngher posmon by the front paﬂ lhen tﬁe .
rare part immediately washed away lhe cehtre of debris’ deposmon It was constdercd Ihat-
‘debiis flow occurred at least: three times in:a scries by!judging from Ihc forny: of the -
: deposmon “The first debris flow stopped _]llSt near by the gully mouth. ‘Next debris. flow flew

stralght into Marsyangdi River, Finally, tivo streams were fornied, one ﬂowmg slralght fromj s

. the gully mouth and another almost in the ongnial course, Upon exammatlon deposnts weie

" found to be composed of Phyllite, Schist, Grieiss and some Gramte '

In the gully, slecam is ﬂowmg down lhrough lhe newly crcated dcpth of 6 to 8 m at the :
bottom of the eroded banks. There is stilt fragile materials hangmg along the 1.5 ktlometer"
length of siream. Estimated fragite materials Wcre on an average ‘abouit 20 cubxc ieter per-:
meter. In some parls of the gully, big boulders were lemporan!y Jammed tOgelher formmg-
water falls, the height: of which were 3 to. more than 6 iietérs.: Those: falls may: gasily
collapse during another flood: lr:ggenhg another debris flow Agam lhere are. maiiy slope -
faitures/bank coltapses beside the stream. One' of the'biggest collapse was of 100 m width . -
and 200 m height and is located at left bank at 2,370 m (7,775 R.). By the judgentent’ of -
the diameter of the Alnus trees on the collapse it can be assumed that this collapse may
have occurred at least twice, one abonl 25 years ago and: another about 7 years ago. Some”
parls of the debrisifrom the gully is deposnted at the foot of lllls collapse Othet bank .
collapses ar¢ 25 m wide and 15 i high'or 5 ni*wide and 8 m lugh and so on. The' stream%
is scourmg the foot of these collapses. Il will cause the bed nsing on the downstream '

5.0 'DISRStCl’ Rellef'aiul Mltlg’atmn

Rellcf leam was workmg manually with ! scoops and bars agamst 1he blg bouldcrs and huge :
amount of debrls [t seems ali the debns may not be. removed from lhe Village '

Slraight channcl is recommended lo be excavated urgently from ihe upper gully smoothly. o
There are two allernatés for excavation of allgnmenl oie is af the newly created steéam .
and aniothier' at the old siréain course that s’ cullivited and no’stream is'there now. This

channel should be prevented against the debris spreading over the village: Tial s why both''
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‘of the banks shoutd _B_c strong ;:npl{glj f'pr;t'his purpose, s6 that excavated materials from the

village and the channel has (o be piit behind the banks,

Ong check-damt should be constructed at gully mouth to control the axis of streani, When
another debris flow occurs it will hit the check-dam directly, so the thickness of dam crest
should be thick enough to resist that, Thickness deperids on the material of the dam (G 1.
‘Box, Concrete, cte.) The construction cost will be expensive, if the check-dam, able to
resist iumber or debris flow occurring cont pletely is constructed. So, People ’s participalion

for construction and_maintenancé is very important, Still titete are fiuge aniounts of fragite

materials within the gully. So a serics of cheok-dams ate required in plarined pésitions.
It is jccxins_'idle’rizdi tha the possibitity of é{fn'cfathc'r; debns flow i the nextramy season is very
high. At least the ain check-dani and channel should be construcied before the next rainy
~ season, For these, uigent works, at least one mini backhoo {bulldozer) which can be carried.
“helicopter is réquired; i o o '

‘ > Uy lsh tré-e.‘s' (Damagad'by debris

¢ flowy st sboui 20 years ago.

- Coltuviom

--wmcmmmi M\ AT
. ~— - 100m
Fig. 1. SKETCI OF DEBRIS FLOW DISASTER AT BAGARCHHAP

" BAGARCIINAP VILLAGE
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Precipitation over Nepal in 1995

Mr. Lochan Mani Acharya *

1.0 Iutroduection

The study of monsoon activity in our region has always been a subject of great interest. A
period of heavy rainfall during the monsoon season (June to September) is usually known
as active monsoon and that of light rainfall as weak monsoon. In our country, during the
summer monsoon period, rainfall over targe parts of the country fluctuates between heavy
to light amounts. Table 1 shows the contribution of precipitation with that of annual (in
percentage) in diffcrent seasons at different parts of the country.

Table 1: Rainfall Distribution in Percentage

Station - Monsoon Pre-monseon Winter | Post monsoon|
(Juire to September)|(Mavrch to May)| (November to February)}  October
Dadeldhura 77.2 12.5 9.8 0.5
Dipayal 73.6 141 1.7 o6
Dhangadhi | 892 8 | 40 L
Dang | 894 44 38 | 24
Jumla 61.7 i 196 118 i 09
Sukkhet |~ 86.6 6.7 53 | 12
Bhaitahawa | 874 6.2 _ 33 3
Pokhara B w0y T a4
Simara 863 73 7 SR S N7
Kathmandu. 7807 139 | 9. |13
Okhaldhunga| = . - 840 104 X Sl 26
Dhankuta - § = 765 IEERUE R b 56 12
Biratnagar - T79.9 ot 29 ) L1200
Taplejung © 737 198 | 42 ) 723

This brief report highlighis on the distribution of precipitation during monsoon period, the
occurrence of unusual precipifation of November and the precipitation summary {rom January
to December of 1995. :

{a) Distribution of prcclpil'luon durmg MONS0oN (June September) pcl md

~ In 1995, Monsoon arrived in castern Ncpal mghl days mrller than its nonml d'uc (normal dala ‘_
- of onsct of monseon is June 10). On the third day of June, i advanced into central as well ag
few parts of western region of the country, beeaine wide spread and by 10th of June, its
activitics was felt over the entire parts of the country. The distribution of precipitation during
the monsoon periad (Junc - September) was alimost sufficient over most of country. Most paris
of the country recorded above nonmal precipitation. Few places such as Dipayal, Surkhet,
Dang, Siniara, Lahan, Rajbiraj, Okhaldhunga, Dhankuta and Kankai recorded below and close
to normal precipitation (FFig. 1}. From the agriculture point of view. the monsoon total
precipitation canbe considered quite adcqualc for the summer crops. Monsoon rain cnnlmued

* Depurdy Director General, Chma!o]swm! Division, Dcpmtmml 0_,!’ H) Jdrofagy & Meteorology
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till the lsl of October and finally; withdrew on the 2nd of Octobcr Table 2 shows the total
prgcnpl!alton ramy days and greatest in 24 hrs. of various stations during monsoon period.

- Table 2: PRELIMINARY MONSOON SUMMARY
(Junc - September, 1995)

Ne. of

‘Station  [Total [ % of | I No. of days|No. of days| No. of days| Greatest in
| mun | Notmal|days £ mm | 10 nvn or | 25 mm or | 50 mm or |24 Hrs inm
1 : I or more | - more | more ~more | & Month
IDadeldhura | 1125 | 117 67 ] 3 5 | 6 121 8ep |-
Dipayal 68| 93] s 20 -3 S92 Aug]
Datchula | 2156 - 114 90 357 27 10 89 Aug.
Dhangadhi | 2019 132 68 46 29 12 161 Aug.
Dang 1346 86 72 35 16 6 11O Aug.
Jumla 559 | 08 |T 69 v | 3 0 38 Tuly
Sukhel . (1182 84 [ I B T R 7 109 Jun
Nepalgunj | 1171 ] 121 40 27 15 9 145 Aug.|
Jomsom 226|166 32 7 1 -0 42 Jun
Banglung - | 1950 | - 148 88 57 28 13 83 July
Dumkauti - | 2289 | 122 . 80 51 28 14 198 July
Gorkha | 1946) 134 75 50 27 12 133 Jun
Chame 636 106 74 23 4 1 72 Jun
Bhairahawa { 1507 | 101 62 36 21 11 96 Jun
Pokhara 4069 ) 140 93 64 51 29 1228 huly
Kathmandu | 1420 | 132 76 43 20 8 74 Jun
Simara st 78 | s7 | 23 17 6 126 Auvg |
Janakpur 1191 | 116 55 22 12 5 194 Aug.
ahan T i nas| 95 55 2 14 5 232 Aug.
| Tapiejung [ T490 [ 102 | 91 53 17 4 61 Jun.
Dhankuta | 692| 90 64 17 6 R 64 -July
{Okhaldhunga| 1324 92 83 8 T3 4 92 Aug.
Rajbiraj 99| 82 55 - 3 12 0 42 Aug.
llam 1764 | 134 86 49 23 7 | 143 Jun
Kankai 2129 91 89 50 26 10 132 Jun
Biratnagar | 1445 | 102 67 32 15 9 132 Jun

* 100 % = NORMAL |
Note :- % of normal is the average of the % of individual month.

(b) Unusual=Precipi(atien of Novenber

The first half of the Sec‘ond Week of Noveiber remamed completcly dey but in the latter
half cyclone located over the Bay of Bengal and ils movements towards the northern sector
resulted unusual type of incessant and heavy rain in our country, Durmg twenly four hours
period, highest rainfall, amouating to 139 mm was recorded in Dhankuta: Likeivise, places
like Dang, Jumla, Surkhet, Pokhara, Bhairahawa, Simara, Taplejung, Biratnagar and
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Kathmandu o_bscrvéd-lOG mm, 68 mm, 53 nim, 58 mm, 57 mm, 34 mm, 90 mm, 43 mm and
© 46 mni of rainfall respectively during 24 hours period. This second week rainfall has been
fouind very high in entire parts of the cauntry except the Terai scctor of far western region.
- Usually, dry and fair weather prevails ini November, but, the heavy rain fall in the latter half

of the kingdom is extremely wnusual and extraardinary. Table 3 shows the ever recorded
highest amoun! of rainfal} 1111994 during 24 hours period in November at various parts of
the country. Also, the track of imovement of the cyclonic storm is shown in Figure 2,

Table 3: Maximum Rainfall in 24 Hys. In Noveniber

Station ~ Maximuit rainfall during 24 Irs (ni/year)
G : ~in November.
Dhankuta 34 mm /1978
Jumla 35 mm /1978
Surkhet 57 mim / 1981
Pokhara 60 min / 1977
Bhairahawa 28 mm / 1988
Simara o 20 nun / 1977
Tapleju‘ng ; _ _ 18 muin / 1985
Biralnagar -~ : 49 mm /1977
Kathmandu 7 - 8 mm / 1982

This sa called heavy precipitation of second week caused landslide and avalanches in some
parts of high mountailis especially in easterm sector of the country where some people had
lost their lives,

(¢) Disteibution of P'rccipitatibﬁ frd'm January to December

‘The Distribution of precipitation in lhc coun(r) from January to ‘December is
l:ighhghted bclm“

e InlJ ahuary, large parts of the coitintry observed normal to above normal precipitation except
a few places of eastern, western and central regions which experienced below normal
precipitation. Some parts of the country like Chame, Jomsom, Jumla, Dhangadhi and
Mahendranagar received much above normal precipitation while Kathmandu, Simara and
Dumkauli indicated nuch betow nommal precipitation. (Fig. 3)

* Most paris of the couritry noted normal to éb.ovc normal precipitation in February. Two
places of the country, e.g., Dumkauli and Bhairahawa recorded much above normal
. precipitation. (Fig. 4) :
¢ Inthe month of March, mostly hilly regions received normal to above normal precipitation.
Most parts of the rice growing areas of the counlry observed below normal. (Fig. 5)

* No major weather system was observed in the month of April. Especially Chame and its
swronndiog of Westen Development Region observed nornmal precipitation. Rest parts of
the Country recorded below normal to much below normal precipitation, Almost all parts
of Terai was completely dry except the vw!mncs of Nepalgunj and Kankai (Fig. 6)
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Some parts of moimtainous s and hilly arcas of the counlry experienced normal to slightly
above normal prucuntation iin May. Nep'ﬂgunj and its vicinitics obscrved a Ingh value
- antounting two hundred pereent of normal precipitation. Soing paits of the country like.
Dumkauli dind Chainpur in the ecast obscwcd close ta norriial (Fig. 7). ‘

Good monsoon activity in the month of Juhe resnltcd on¢of the wettest June fory many parts
of the country. Vicinities of Kathmandu and Pokhara recorded more than the twice the
normal value. Most parts of the country received normal to above norinal precipitation. With
-~ regard to rainy days (rainfall > 1.0 mm), the number of rainy.days were relatively, much
higher in most of the easter, central and wester regions of the country. Somée places like -
* Dhankuta, Dhangadhi and Dadeldhura observed below normal precipitation (Flg 8).

It term of rainfall activities, the month July is one of the fainicst month, Buti in 1995 !arge
parts of Terai regiotis experienced below nonmal precipitation. Neighborhood of Demagﬁdhl
Bhaitahawa, Pokhara, Taplejung and Dhankuta indicatéd normal te above hormal
precipitation, Rest parts of the country obsérved below nonnal precipitation (Fig. 9).

With the exception of mid-wester and eastem region, other parts of the c'omitry received
adequate amount of rainfall in August, Parts of eastern and mid-ivestem regions experienced
Scanty ram fall (Fig. 10). :

4

The average relreat of monsoon from eastern Nepal is 23" September. In 1995, the
monsoon circulation pattern retreated from far-western and central region on 12™
September. After the withdraw of monsoon from central Nepal, a low pressure system
formed over the Bay of Bengal and its subs¢quent movement into the north west direction
resulled rainfall in entire parts of the country except the surrounding areas of far—*.vcstem
région, Eastern Nepal, observed heavy rainfall by the system, Table £4) shows the tolal
precipitation recorded at 14 repoding station from 18' Scptember to 24 September, 1995,

Fable 4: Tetal preeipitation (mm), Raining days and Maxiimum rainfall in

24 hours (1m) in some districts -

Stations {Total precipitation (nm)

[ Rainy days Maximum_r:iiljfall in 24
_ from 18-24 Sept,, 1995 [Rainfall > 1.0 mm|  hours (mm) / Date
Dadeldhura 0.0 0.0 .
Dipayal 0.0 0.0 -
Dhangadhi 3 1 2.6/18
Junila 3 1 3.0/24
Dang 24 4 15.8721
Surkhet 8 2 508
Bhairahawa 134 =3 19,721
Pokhara 230 i S 1046124
JSimara . b5 -5 - 27.8/19
Kathmandu 54 4 30.6/18
Okhatdhunga 40 5 12.4/19
Dhankuta - 38 S 19.0/19
Biralnagar - 81 6 26,9122
Taplejung - 76 . 7 1 36.022
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In September, most of the days were dry and the number of rainy days also were relatively few.
Consequently, much of the counlry received inadequate distribution of precipitation with a rise
of tempetature. Only some parts of the cotmtry like Biratnagar, 1tam, Jomsom and Dadeldhura
recorded above norimal while rest parts noted below precipitation. (Fig. 11).

* Monsoon circulation, eventually withdrew from casterin Nepal on 2" October. October
fies in the post monsoon period. Localized activities including the depressions that form
over the Bay of Bengal results precipitation in the month of October, In 1995, the
systems forming over the Bay were tiot much' ntore pronounced Therefore, large parts
of the country expericnced much below normal precipitation. Especmlly, western parts

~ remained dry, Pokhara and Rajbna] tecorded above nommal. Kankai observed near normal

. and test of the country rccorded bciow normal precipitation. (Flg 12).

* An unusual heavy precipltallon caused by the cyclonic storm over north Bay of Bangal
resulted in much above siormal over almost entire parts of the country except nottliern
and soultiern parts of the far western region in November: Under the influences of this
system the ngdom experienced heavy precipitation (Fig. 13).

» Weak activities of the western weather system resulted nmdcquate amaount of precipitation
cspecially in the vicinities ufl)qng, Nepalgunj and Maliendranagar in December, fastern
regional and part of central region around Simara obscrvcd above normal precipitation

(Fig. 14).
Conclusion:

“The cyclonc that was formed in the latter ha!f of Nov. 1995 had an usval movement. The
-movement of these types of system could not be predicled with case by only subjective
“approach. For this, cfforts have to be made in the future, to forecast by using the objective
“technique i.e. Numerical Weather Prediction (NWP). Numerical Weather Prediction is the
“methad by which giving the initial state of the atmosphere its future state is determined
through time integration of the mathematical equations goveming the physical laws of
atmosphere. The physical laws apphcd are bascd on the eriergy, momnentum, water vapour,
conservation of mass including other gases in the atmospheré. The application of NWP
model for weather forecashng has some difiiculties. Due to lack of adequate obscrvauomi
data, weather forecasters are not in 4 position to define the initial state of the atmosphere.
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"+ SHADED AREAS NORMAL OR ABOVE
+« BASED ON PRELIMINARY REPORT

~ (FIGURE 1)  PERCENTAGE OF NORMAL PRECIPITATION
(100% =~ NORMAL)
MONSOON (JUNE-SEPT) 1995
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(FIGURE 2)  MOVEMENT OF CYCLONIC STORM IN SURFACE
NOVEMBER 1995 '

Source : Dept. of Hydrology and Meteorology
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« SHADED AREAS NORMAL OR ABOVE s}u ) ' A\
+ BASED ON PRELIMINARY REPORT ' T

N

(FIGURE3) - PERCENTAGE OF NORMAL PRECIPITATION
{100% = NORMAL)
JANUARY, 1995

+ SHADED AREAS NORMAL OR ABOVE . 300 ‘
* BASED ON PRELIMINARY REPOKT 100

(FIGURE 4)  PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
FEBRUARY; 1995

Source r Dept. of Hydrology and Meteorology
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+SHADED AREAS KORMAL OR AOVE
+ BASED ON PRELIMINARY REPORT

(FIGURE 5)  PERCENTAGE OF NORMAL PRECIPITATION
(300% = NORMAL)
MARCH, 1995

» SHADED AREAS NORMAL OR ARBOVE
» BASED ON PRELIMINARY REPORT

(FIGURE 6)  PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
APRIL, 1995

Source : Depl. of Hydrologj: and Meteorology
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+ SIIADED AREAS NORMAL OR ABOVE
» BASED ON PRELIMINARY REPORT

(FIGURE 7) * PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
MAY, 1995

* SHADED AREAS NORMAL OR ABOVE
» BASED ON PRELIMINARY REPORT

(FIGURE'S) - PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
JUNE, 1995

Source : Dept. of Hydrology and Metcorology




* SHADED ARFAS NORMAL OR ABOVE
* BASED ON PRELIMINARY RFPORT

(FIGURE 9) - PBRCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
JULY, 1995
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« SHADED ARFAS NORMAL OR ABOVE . 53: , :
« BASED ON PRELIMINARY RFPORT _ 100 /\;,._—93

(FIGURE 10)  PBRCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
AUGUST, 1995

Source : Dept. of Hydrology and Metcorology -
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+ SHADED AREAS NCRMAL OR ABQVE 7
: BASED ON PRELIMINARY REPORT TN

(FIGURR 11): PERCENTAGE OF NORMAL PRECIPITA TION
(100% = NORMAL)
SEPTEMBER, 1995

+ SIIADED AREAS NORMAL OR ABOVE
= BASED ON PRELIMINARY REPORT

(FIGURE 12) PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
OCTOBER, 1995

Source : Dept. of Hydrology and Meteorology
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» SHADED AREAS NORMAL OR AROVE
- BASED ON PRELIMINARY REPORT

(FIGURE 13)  PERCENTAGE OF NORMAL PRECIPITATION
(100% = NORMAL)
NOVEMBER, 1995

‘_ * SHADED AREAS'NQRMAL OR ABOVE
" - BASLD ON PRELIMINARY REPORT 200

(FIGURE 14) PERCENTAGE OF NORMAL PRECIPITATION
{100% = NORMAL)
DICEMBER, 1995 -

Source : Dept. of Hydrology and Meteorology
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Respondmg to High Altitude Natural Disasters of Novcmbcx 1995
A I.essun to Learn)

Sushil J. B. Ratia *
1.  Ovarview

Nepal with its vast captivitics of natural beauty is obviously a tourist-centered country. The
preserice of High Himalayas and nountains attract trekkers, mountaineers, natural scieitists
‘and explorers to adventurous joumey in hlgh terrain. People from different parts of the
world visit the country rich in bio-diversity and beaunful landscapes. The iorthérn most part
‘of the Kingdom which consists of the world’s lughcq{ peaks, apparently, covered by snow
throughout the year, attracts visitors to move atound in search of peace and also provides
‘an unique opportunity to view the chiarming glory of the Himalayas. The trek in high
altitude is always adventurous because of the rugged and steep topographical conditions
and is also not free from danger due to the presence of various natural hazards in the
vicinity.

The topographical, geological and climatic conditions of the high altitude reflects ns
vulnerability to various types of water induced natural disasters. The frequent eccurrences
of avalanches in Iigh Himalayan region, recurring landslides, flash floods and soil erosion
are common natural phenomena. Bul regression, however is for such disasters which occur
une:-cpec(ediy even in fairest weather like the one which took place in the sccond week of
‘November 1995,

The incidents of avalanches, landslides which occurred in Solukhumbu, ‘Faplejung, Manang,
Panchthar, Mustang, Jumia and Humla district caused devastating damages to propertics
and claimed 63 human lives including 22 foreign nationals. ‘The incident caused adverse
imp“ict to the tourism industry which is considered to be a major source of forcign cuitency
icome in the country.' Most of the victims were 1ssocmled with teekking 'tguwlcs who
were there for pleasure trek.

2. Extent of Daniages
The sudden cloudburst and heavy precipitation on the 9th and 10th November 1995 caused
unexpected heavy snowfall in Himalayan region and even landslides with debris flows in

certain arcas like Bagarchhap, Manang and Sarang Danda, Panchthar.

The record of damages is mentioned in Table 1.

*  Undér Secrefary, Disaster Rellef S_éafon, Ministey of IHome
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Table' 1 Damage Record of Avalanche and Iandslide 6f Noveniber 1995

S -4

S.N.|District Place | Death | ‘Injuries | House ] Sheds|Cattleheads Remarks.
: Destroyed | Deslroyed | Lost

1 |Manang,

Bagarchhap 15 1 16 10 12 6 Forcigners
2" | Solukhumbu o
- | Gokyo | 25, | I | 13 Forcigners
3 |Selukhumbu |- ._ . '
pangsa: o | 1 ] | 2

KR Solukhumbu
| Chaurikhark 1
5 | Taplejung, :

Pangpema 7 S , f | '3 Foreigners
6 |Humia, o | '
Torpagaun - | 1
7 | Mustang, o e o
Thoraing |l -
8§ |Mustang
- |Dhampus | 4
9 | Panchthar, ' : T
~ {Sarangdanda 5 1 3
10 |Junila,
Chhumchaur 3 o _ N : _
Total 63 -3 21 10 112 22 Foreigners

- 3. Response Mechanism

- The first information was received on 11th of November 1995 about the landslide of
Bagarchhap, Manang which took place at 18.45 on 10th November, Similarly, on 11th
November, the incident of Phanga, Solukhumbu where 27 people belonging to Trans
Himalayan Trekking were buried by sudden avalanche was reported. The heavy snowfall
~ causcd panic as thousands of trekkers including mountaineers and other caught stranded in
different vicinilies. The foot trails were covered by heavy snow with no route to escape.
Furthermore, this tragic incident created painful almosphere in different parts of world as
diplomatic missions, embassics and international agencies were busy in seeking informations
about their nationals who were spread aver in vast area ranging from Kanchanjunga base
camp in the cast to Dhaulagiri region in the west.

To cope with this natura! disaster, His Majesty’s Government of Nepal immediately set up
a task force comprising of representatives from Ministry of Home, Departinent of Tourism,
'Royal Nepal Army, Nepal Police, Depariment of Civil Aviation, Ministry of Tourism and
Civil Aviation, Nepal Mountaincering Association, Nepal Association of Trekking Agents
and Himalayan Rescue Association. The task force had following responsibilitics.

) Information collection, piess release and information dissemination.
. Acrial search and recee. S _
. Rescue operation through private and army helicopters.
» Management of ambulances, morgue and other emergency facilities,



Furthermore, a command post was established in Police Headquarters for coordination, -
support and ‘monitoring of rescue and relief operation carricd out by the task force. The
- Central Disaster Relief Commiltec provided valuable instructions. The District Disaster
Relief Commiltees of affected area wete made alert and rescue personnels from Army and
Police, high altilude rescue workers, personnels from governmental and voluateer
organizalions were immediately sent to the affected area to carry out rescue and relief
operations, The communication channels were set up by using walkie-tatkie, VHF radio sets
of different authorities as well as telephones to collect informations on tragic incidents and
rescue operation. The commiunication network of civil aviation was controlled by the task
force to instruct air craft for search and rescue in ordcr to coordinate efficient operahon

4.  Search and RescueOp'eration

The task force immicdiately operated searchi and rescue with the help of the helicopters of
Royal Nepal Army and private companies. The aenal search and récee was performed to
locate affected trekkers in different vicinities following the information coming from different
s0urces, rescue ﬂlghts were operated even in adverse climatic conditions in high altitudes
from 11th November 1995, All the helicopter services were brought under ¢onirol and the
task force instructed them from the control room based in domestic terminal of Tribhuvan
[nternationial ‘Airport, Kathmandu., :

In the search and rescue operation, although 549 people including 250 forcign nationals
were rescued from different regions to safer places. Majorities of rescued people were from
Khumbu region and mostly from Gokyo valléy of Selukhumbn district. In addition to rescue
operations, dead bodies of all the foreign nationals were brought to Kathmandu and that
of Nepalesé citizens were handed over to the bereaved families.

In this operation, 2 helicopters of Royat Nepat Army, 2 helicopters of Nepal Airways and
one éach of Asian Airlines, Everest Air, Himalayan Helicopters and Dynasty Aviation were
' mobilized which included MII7, Equirrel and Allcouthe helicopters. The aerial search, recee
and rescue operations were carried out in vast areas of Kanchanjunga, Makalu, Khumbu,
Rolwaling, Annapuma, Larke, Dhampus, Thorang Amadablam and Dhaulagiri regions. The
summary of rescue operation is illustrated in Table 2.

Table 2: Sunimary of Reseue Operation

SN. - Date ‘No. of rescued people Total
. o - Foreign Nationais Nepalese -

1 | 1n9s | 1 | o | 1
2 12-11-95 16 3 19
3 13-1195 | 72 76 148

4 14-11-95 72 100 172

5 151195 33 69 102

6 | 16-11-95 | 45 31 76 |

7 17-18-95 | 3 : 18 21
8 | 18/19-11-95 8 2 | 10

| Total 250 299 549
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In Bagarchhap, Manang, local admlmstrauon and {toops from Royal Nepal Aimy and
Nepal Police carried owt rescue operahons for a forinight and rccovcrcd 15 dead bodics
buncd uinder dcbrls f

The Central Disaster Retief commiltee, District Disaster Reliaf C‘ommittces, local anthoritics,
Nepal Red Cross Sociely and other rion governmental volunte¢r organizations provided
reliel materials including tent, blankets, utensils and food stuffs to disaster victims.

5. 'Issq'e:s aind Suggestion

‘Being a disastér prone mountainous country disaster like avalanche, landslides, flash floods,
debris flow arid glacial take outburst floods are inevitable in the High Hirralayan regions of
‘Nepal. The tourists from different parls of the world visit the country and spread around
these arcas throughout the year mostly in fair seasons. Such incidénts however are likely
to occuir at any time of the year causing imexpected destruction. With inadequate information
'sys{em to the tovirists rcgardmg the weather conditions as well as no early waiing system
in these areas cause inconvehience. Furthemioie poor outfits of Nepatcsc porlcrs makc

them inore vilnerable to advcrse chmalic condmons

The adéquacy of high altitude rescuers and inadequate rescue equipments both in public and
private agencies create problem in carrying out high altitude rescue operations. Likewise,
absence of trained manpower for high altitude r’cscuc is a major problcm.

The altifude rescue operation heeds approprlate aircrafts and trained crew members. The
numbér of aircrafts of Royal Ncpal Ay is not sufiicient and is also imappropriate for
certain mission. Lack of aircrafls in civil authorities particularly with Ministry of Home
which is directly involved in reseue and relief works prcvallmg Similarly inadequate resources
and proper preparcdness to cope with emiergency silualions dre major hurdles. Even
moblhiauons of available resources and ils utlhzahon is inappropriate. =

" The aforementioned Lssues and pmblcms should be addresscd appropriately to carry out
effective and eflicient emergency operations. To minimize the impact of such natural disasters,
an honest effort should be made by all conicéming public and privalt agenciés. The government
can not carry out these humanitarian endeavors single handedly, The (rekking and expeditions
agencies in public sector should be more attentive in this cause. The concerning authorities
in pubhc scctor should provide proper support and monitoring. Advanced informations and
. proper communication system should be established which could assist in safe journey i
high terrain. The efforts should be made not onlty to minimize the impact of disasters but
~also to mitigate then.
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Flood Disaster of Lakhandehi River

Mr. T. Wakal *
My. Pradeep Thapa **

1.0 Int_roduction

Lakhandehi River originates from Chure hill and flows through Sarlahi district and crosses
to Indig, Nepal border. It flows from North to South. The river has caused severe flooding, -
~ It has resulted extcnswc damagcs to the land and infrastiuctures of the adjoining areas, The
~bed of the river is also rising due fo the dcposmon of sediment. Sarlahi district Irngahon-
Office has done river iraining works at some parts of the river. :

2.0 4Disastcr=Condili0n

- This study has been undertaken for ;%sscssiﬂg the damage caused by the flood and
recommendation of the countermeasures to be adopled for mitigating the flood damages in
future.

Due 1o ui}availability of recent sur\fcybd map and data for comparison purposes, the data
obtained from the field survey has been taken info account for the determination of the
damages caused by Lakhandehi river.

‘The damages incuired in any one year docs not represent the damage that generally occur
every year.

Damage assessment done at some places along Lakhandehi river are as follows

a.  Fulparasi Village Development Cotamittee, Inarwa Village "
On 24" June 1995 the flood destroyed the embankment at the bend 9 where (chainage) of
[.akhendeht river and the flood was dareclcd towards Inarwa village i.c. around 600°m
distance from Lakhandehi river. Due 1o the submergence of approx.' 200 bigah agricultural
tand by the flood water, the crops were damaged. I this affected arca, there are about 200
houses witi the population of 1600.

b,  Laxmipur Village Bevelopment Committee, Suchaina Village

Out of 00 houses with papulation of about 3000, 15 houtc were S\vcpi away by the flood
and remaining are also in dangerous situation. Well for village people may also be darnaged
any tinte. Rice mill had been washed away. Short spur was constructed by District
Development Commitlee to protect the vitlage.

c.. Pipariya & Pindari Village Develepment Committee.

About 1 km ecarthen embankment conshucted by Sarlahi District Development Commitice
- had been destioyed by the flood. Duc to this, the tiver has changed the cowrse and is culting
agricultural tand and is heading’ towards the villages. But Ihc river coursc is far away from
the village at present.

©HeA Expcil o Ru'cr anuwwmg. DPIC
A% River Englueer, DPTC 50




d.  Netragunj Village Development Conmnittee, Jungle Tole

This village is situated at the north of East West highway. About 50 i Earthen embanknment
had been destroyed by the flood endangering the adjacent village and agricultural land,

3.0. Countermeasure of the flood.
River Training and Flood 'confr'ol.

Rwer training measures and bank prolechon works are carricd out lo ach:evc several
- objectives. Alluvial streams have'a teiidency to meander and mlgrate lalcrally The field
plains are ustially ferlile and are; hence, thickly populated. Diiring floods of rare frequency, -
these plains are flooded, there by causing considerable 1658 of property, hunian life, agiicutture,
and public and private utilities. Thetefore it is necessary to protect the: thickly populated
flood plains from floods. Fiood control measures do not however assiré complete control
or prolection under all conditions. Principal methods of flood control are:

1) Construction of flood control reserveir.-
ii)  Constructions of levees or embankments to confine water in a narrowed channel.

iif)  Increasing the discharge capacity of natural channels by some means such as
straightening, widening or deepening and

ivy: provision of escapes for diversion from the main chainél inte an auxiliary
channel for water in excess of the carrying capacily of the main channel. River
training measures are also taken for facilitating water transpori, sediment control
and stabilization of river courscs.

- A" Long Term Planning
To control the rising of the river bed i.¢. sediment deposition, watershed 111311agemcnt at the
catchment of Lakhandchi river is to be done. For watershed management, bio-engineering -

and sabo wark are {o be done.

The detail survey of the river from the origin point to the Nepal India border is to be carried
out 1o find out bed slope, cross-section, longitudinal section of the river,

The river is to be trained by consliucting embankments and revetments on both sides of the
river froin origin of the river to the cnd in the border. :

Some of the specific river control measures for bank protccl:on and flood control relcvant
to current study are:

a)  Levees or Embankment
Provision of levees on one or Loth sides of the stream to contain the flood is the most-

common method of flood control. A levee is an embankment running parallet to the siream
- or nearly so and is constructed to protect the area on the side from flodding. Levees, also
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sometimes catled dlkes hunds need not be conslmcted in one strctch and can be exlendcd
gradnally to protect more and more area, -

This methods of flood control is fairly inexpensive and simple, since locally available materials
and’ labour are used in the construction of tevees. It is necessary to provide sufficient
waterway so that flood water is not unduly and excessively constrained.

b) Revetments

Bank protection works aim to provide shicld against crosion and maintain the alignment of
thé banks. Revetments, rip-rap, efc. are the protectlon works that are consinicted directly
- on banks, as a first step in bank protection, the irregularitics in the banks need to be.
removed and the banks graded to acceplablc slopes If the bank is uneven, the revetrment
is soon damaged because of improper support.

The proposed preventive measure for the long tenin is to be executed from the origin of
the river down stream of highway and uplo the border of India and Nepal as per the fund
available. But the profective measure is to be done immediately in Inarwa village of Fulparasi
Village Developnient Committee, Suchaina village of Laxmipur Village Development
Commiitee and Jungle Tole viltage of Netragunj Village Development Committee.

B.  Emergency Work.

Tt is difficult to construct the strong and high entbankment in Lakhandehi River because of
the bad river bed condition (i.c. swampy land) and lack of good materials for the embankment.

So, the low embankment is recotnmended here and protection of the village shouid be
considered another way.

Yor the low embankment, it is nec'esséry to construct stronigly and lo protect its surface very
well, because it will be overtopped frequently. '

Only filling the carth by the dozer is riot sufticient. So, the compaction should be done well.
(For example, big festival will be hold on the embankment). For the protection of the
embankment, it is betler to use flexible materials. Use of sand bag is good way. But it does
nol last for long duration. '

It is necessary for to investigate the duration by using various kind of sand bags (hemp

Synthetic fibber cte.). The duration inay bd extended by using the sand bag double. There
ar¢ rio boulders around the site. Instead of the boulders, it is recommended to use poor
cement mortar {mix the cement and local sand). For the protection of the village, it is
proposed to construct the low cmbankment around the village or 1o plant two or three lines:
of trees dround the village and place the sandbags between the trees. After growing the
" trees, they are also very useful for the vitlage people.

' Cﬁ]lélllSiOﬂ

Accordmg fo the mf‘omaatlon received from the local pcople the magnilude of flood and
the damagcs were unprecedented. The pr0posed preventive nicasure can be executed as per
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the fund available. But the immediate prolcb!ion measures ha_s to be done for Inarwa village,
Suchaina village and Jungle Tole. For the implementation of the work the following works,
have to be done in detail.

. The detailed survey of the river should be done to explore the condition of the
waterslied of Lakhandchi river.

. A detailed master plan should be prepared.
. A coordination 'program'mc have to be launcih_e'd to find out the possibility of
peoples pariicipation and the involvement of multi lateral agencics (Government,
" D.D.C. or others for the exceulion of these works.)

J A detailed engineering work has to be done before launching this programme.

. Watershed management at the calchment of Lakhandehi river has to be done for
sediment conirol.

SARLAHI

foxzelt

b S S .. JUNGLE TOLE
by iy + « PINDARI
Rl L S « e+ PIPARIYA

e ess LAXMIPUR
e sees FULPARASI
[N EX] INAR\VA
€ 7

" Fig. 1, District Map of Sarlahi Districl.
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Plate 1. 3 o - Photo { DPTC
LAKHANDEHI RIVER 1S CUTTING SIDE BANK AND
ENDANGERING FULPARASI VILLAGE, FULPARASI V.D.C

‘Plate 2. . - ’ . Phofo DPTC
ON 4T JUN]-, 1995 THE FLOOD DA\IA(‘I-D :m, hMBA\‘ Mhh'l‘ ‘
-AND MADE IT°S NEW COURSE TOWARDS INARWA ViLLAGE, FULPARASE V. D.C.

Pra:e 3 ' ' Photo : nm(‘
ABOUT 50 M. EARTHEN mm\'mmwr HHAD BEEN m,sa ROYED BY
THE FLOOD AT JUNGLE TOLE, NETRAGUNJ VDC,
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