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I. EXISTING CONPITIONS

1.1 Topography and Geology

The topography and geology of Nepal can be divided into the following zones (Fig.
ALI):

1) Inner Himalayan valleys
2) Higher Himalayan zone
3) Lesser Himatayan zonc
+  Midland rsange
*  Mahabharat range
4) Siwalik (Churia) hills
5) Dunvalleys
6) “terai plain

The West Rapii river basin falls under the topographical and geological zones of
Midland and Mahabharat 1anges, Siwalik hills, Dun Valleys and Terai plain. Principal
features of these zones are presented below,

(1) Lesser Himalayan Zone

Lesser Himalayan zone occupies the central part of the Himalayan Mountains. It
consists of a series of mountain ranges rising abrupily above its low rolling hills.

The Lesser Himalayan zone is divided into two sub-ranges, namely the Midland and
Mahabharat ranges from north.

Midland Range

The Midland range consists of low hills, river and tcctonic valleys. The slope ranges
from 100 to 400 my/km. In this range, generally the rocks consist of fissile phyllite and
schist. The dip of the bed in this pari is generally towards the north. In the areas where
rivers have east-west course, landslides are scen on the southern bank of the siver
Since the phyllite is a soft rock, the exposed bed in the bottom section of hill is found to
be crushed in most places, indicating that the load is beyond its bearing capacity.

The Midtand range is composed of soft rocks (phyllite, slate and dolomitc) and thick

Ayt



West Rapti R.

soil covers this arca, hence it is heavily populated. Because soft rocks weather casily,
the Midland range forms low and mild slope hills. Ncarly all the hill slopes are found to
be formed from the talus of tandslide and rock fall. Generally the hill stope appears to
be stable for a period of 8 1o 10 years after the slide till the talus is washed away by
under-cutting of the river, and at the same lime, this causes the development of gullies
and erosion throughout valleys. Slowly the topography changes from flat to steeper

tereain and sliding occurs again.

Mahabharat Range

‘The Mahabharat range consists of comparalively harder rock than the midland range.
The number of slides is found 1o be less cven though the topography is steep. ‘The
topography is stecper on the southern slope comparing to the northern one of about 100
to 200 m/km. Slides take place on the northern slope and rock falls on the southern
slope. The steep of the topography can be attributed to the Main Boundary Fault (MBF)
which lies mostly at the southern foot of the ranges.

The Mahabharat sange is the figst set of high mountains facing the Terai plain, and
affects much to the climate of Nepal during the monsoon.

(2) Siwalik (Churia} Hills

The Siwalik (Churia) hills are the lowest hills bordering the Indo-Gangetic plain in the
north. Mostly it consisls of rocks of allernating beds of clay, sandstone, sand and pcbble.
The rocks gencsally dip northwards.  Alternately loose and hard reck beds have
produced the escarpment feature. In many places rugged land with numerous gullies
and mound of talus are found. The topographic slope varies from 200 to 400 m/km on
the average. The Siwalik hills arc divided into three Jaycrs, ie., upper, middle and

lower Siwaliks.

Upper Siwalik

The upper Siwalik is mainly conglomerate with pebbles and bouldess of pale schistose
quarizile, purple and white quartzite; dark phytlites; purple and dark pebbly quartzite
and silt brown sandstone. The depth of upper Siwalik is about 2000 to 3000 mctes.
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Middle Siwalik

The layer of middle Siwalik is found in the form of thick deposits of sandstone. These
are characterized by their feldspar and mica content. Apparently the sandstonc has been
derived from granile rocks. Calcarcous concretions and scams of coal are found in the
basal pari. In many sections, the sandstone forms vertical cliffs. The depth of middle
Siwalik is about 2000 to 2500 meters.

Lower Siwalil

The lower Siwalik is alteration of brown, weathered sandstone and chocolate colored
clays. The alternation of beds are not thick as the sandstone. Beds of impure limestone
also occur within the lower Siwalik. The depth of lower Siwalik is about 1200 to 1500
meters. All pebbles except those found in the brown sandstone ase derived from racks

of Pre-tertiary age.

(3) Dun Valleys

‘The Siwalik hills make scparate ranges from ¢ast 10 west except in some places where it
merges with Mahabharat range. The separate ranges form Dun Valleys as scen in
Trijunga, East Rapti-Nawalpur, Deokhuri (West Rapti), Dang Valley, Surkhet Valtey, etc.
The Dun Valleys are fertile and are similar to the Terai plain in nature. Hence they are
sometimes classificd as a part of the Terai plain.

(4) Terat Plain

The Terat plain is the continuation of Indo-Gangelic plain having an elevation from 50
to 300 m,MSL. Its width varies between 10 to 30 km wilh one exception at Koilabash
narrow, and extends from east to west Nepal for about 900 km.

The Terai stopes toward south with steeper slope at the foot hiil region and nearly flat at
the southern end.

In the Terai plain the changes of river strcam are often seca in places by the lateral
crosion incorporated by much sediment from the mountainous area. On such rivers,
artificial structuse works such as bridge, roads and irrigation facilitics have to be given

careful consideration.
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The Terai plain is divided into thice zones, ie., (1) Bhabhar zonc (foot of hill), (2)
Marshy arca (spring line), and (3) Southern Terai (Indian border).

Bhabhar Zene

The Bhabhas zone lics at the foot of Siwalik hills and is about 12 km wide (Charkosc
Jhadi). It is composed of boulder, pebble, cobble and sand of Siwalik hills or
Mahabhatat range deposited by the present rivess. In most cases the rocks are sandstone,
quariz or charty dolomite. The foot of hills is cavered with evergreen forest.

Soils are nrainly alluvium consisting of sand, sili, clay looms and silty ctay. In the dry
season almost all rivers in this zone have no flow on the surface and water flow

underground only.

Marshy Area

The marshy area is found in the south of Bhabhar zone where two lithological units
having diffcrent porosity and permeability meet or inter finger atong with the change of
elevation mainly resulting in spring lines, ponds, lakes, etc. The lithology is mostly
composed of pebbles and sandy bed with a few clay partings. The lithology of the
pebbles is similar to the boulder zone and sand beds are toose, brownish to greenish
with black and red shale fragments. The clay is mostly blackish gray where a thick
sequence is found, but yellow one is also obscrved at some places where there was a
temporary hiatus in its deposition or because of a flood at that time. 'This is parnticularly

true in Lumbini zone.

Southern Terai

This nearly flat and not well-drained area is found between middle Terai and the Indo-
Nepal border. The area is composed of sand, clay and silt with less pebble.

(5) West Rapti River Basin

The West Rapli river basin originates in the Mahabharal ranges. In the upper basin, the
river is forced to bend its course by Main Boundary Thrust (MBT) and other faults. The
channel is forced to flow to the northwest direction due to the Siwalik hills before il
reaches to the Terai plain. Geological map of the West Rapti river basin is showa in Fig.
Al2,
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1.2 Metcorology and Hydrology
1.2.1 Meteo-Hydrological Observation

Responsibilitics for meteo-hydrological data collection and analysis in Nepal have been
boin mainly by the Department of Hydrology and Meteorology (DHM), the Ministry of
Science and Technology. Other authorities such as the Department of Irrigation (DOI),
Nepal Electricity Authority (NEA), International Center for Intcgrated Mountain
Development (ICIMOD) also conduct meteo-hydrological observations. In principle,
all of these data obscrved by other authoritics are also sent to the DIIM. The DHM
publishes data in yearbooks after basic checking has been completed.

The Meteorology Section of DHM is responsible for compilation and analysis of
nieteorelogical observation records such as precipitation, temperatuse, humidity, vapor
pressure, sunshine, wind, evaporation and soil temperature. And the Hydrology Section
of DHM is responsible for compilation and analysis of hydrotogical observation records
such as water level and sediment.

Based on the DHM’s data, a list of meteorological and hydro-mettic stations in the Mid
Western Development Region is shown in Tables ALl and A1.2, and their locations in
Figs. Al.3and Al 4.

In order to supplement the existing obsesvatory, new secording rain gauge was installed
by the Study Team at Banke District Irrigation Office in Nepalganj {1 site) for the lower
West Rapti and Babai river basins. This office is under the direct conteol of DOL. An
ordinary fain gauge (sta. No.0416 under DHM) is installed here.

River basin Caretaker Serial Number
‘ D Banke District lirigation Office Gauge: 232717
West Rapti/Babai (Nepalganj) Recordei: 244189

1.2.2 Meteo-Hydrological Features of Basin

Climate of the West Rapli river basin falls under monsoon subtropical zone (Terai plain
and Siwalik hills) and tempcerate zone (lesser Himalayan zone). The dry scason (from
October to May) and rainy season (from June to September) are clear. The dry and
rainy scasons duc to monsoon are the major cause of climatic contrasts in the West
Rapti river basin. Figure Al1.5 shows the meteo-hydrological features of the basin based

Aﬁ- l ‘5
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on the monthly average data at Nepalganj (sta. code: 0:416).

(1) Temperature

Altitude affects much the temperature. The annual average temperature is 25.0°C,
ranging from 15.4°C in the coldest month to 31.6°C in the hottest month. The coldest
month is in Janvary and the hotlest falls in between May and August. The temperature
rises from March to June-July while it decreases from October to January.

(2) Relative Humidity

According 1o Fig. A1.5, annual average relative humidity is 82.3%, ranging from 62.0%
in May to 93.3% in January.

(3) Rainfall

The study area receives the southeast monsoon dusing the months from June to
Scplember. The monsoon air-stream is forced to risc as it meets the Himalayas and

causes heavy rainfall on the south facing stopes (Fig. A1.6).

According to Fig. AL.5, annual rainfall at Nepalganj is 1,370mm on avesage ranging
from 869 to 1,911mm depending on the year. The maximum rainfall is 1911mm in
1988. The 85% of annual rainfall is concentrated in rainy season from June to

Seplember,

(4) Runoff

Figure A1.7 shows the monthty average flow of the West Rapti river at Jalkundi station
{No.360).

According 1o Fig. A1.7, The runoff increases from May to August while it decseases
from August to November and the most of runoff is concentrated in rainy season from
June to September. The arnual average runoff at Jalkundi station is approximately
130m*s. The maximum monthly average flow is approximately 420m’/s in August.
The monthly average flow excceds the annual average during the period from July to
October.
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1.3  Environment
1.3.1 Eavirenmental Organizations and lnstitutions

The Envisonmental Division of the Ministry of Population and Environment has overail
responsibilily for environmenltal matters in Nepal. In June of 1997, Environmental
Conservation Rules were issucd under section 24 of the 1997 Environmental
Conscrvation Act. These rules lay down procedure to be followed when new projects
arc proposed or existing projects extended.

1.3.2 Environmental Overview

The West Rapti river is a class-1 river of about 230 km. rising in the lesser Mahabharat
sanges. Once it reaches the Terai plains it first travels west about 110 km. before tuming
south to the Indian border. From this point, its length to the border with India is about
53 km.. Its total basin area is 6,418 km’ {641,800 ha.) of which 618 km? (61,800 ha.) are
in the Tetai.

According to the Inventory of Wetlands in the Terai, (IUCN 1996), the wetlands along
the West Rapti siver have still to be fully determined. However, the West Rapti river
floodptain occupics an area of 37,500 ha and crosses three districts, - Arghakhanchi,
Dang and Banke. An estimated 40% of the land is farmed and 10% is classified as
settlements, thus half of this floodplain has been modified already by human activity.

Dalbergia sissoo, Acacia catechu, Ficus glomerata, Engenia jambolana, Bombax ceiba,
Terminalia tomentosa and Shorea robustu characterize the floodplain. It is a staging and
foraging ground for migratory waterfowl such as Egretta alba, Alcedo atthis, Pavo
cristatus, Bubo nipalensis and Dendrocygna javarica. The marsh crocedile (Crocodilus

palusiris) and the smooth otter (Litrogale perspicillata) occur here.

While the wetlands and accompanying forest arcas are important in the West Rapti
basin of the Terai, over half the land has been converted to agriculture and wilh people
migrating from other paris of Nepal, the forests and wetlands in this basin and the
surrounding watceshed are under threat.  This can only be mitigated by increasing
agricultural productivity and flood prevention measures are a key component of this.
The existing land use and population of the West Rapli river basin is shown below,



West Rapti B,

(l.and Arca, Land Use and Population: 1998)

tems Agri- Forest Barten/ Other - Total Population
|| culture sand | 1 L

Arca {ha) 35,140 25,130 1,290 240 | 61,800 | (173,400)*
Ratio (%) 56.8 40.7 21 | 04 100 (2.8

{MNotc)*: Population (persons), **: Population density (per/ha)

Every year, sand, silt andfor floodwater on average covers on average about 2,700

" hectares of which about 500 ha. are covered with sand and soil. Some of this soil cover

is a result of human activity, especially in the Chure hills. In addition, neatly 2% of the
land is basren or covered with sand, principally due to flooding and inundation,

With appropriate flood mitigation mcasures, such tand could be reclaimed and soil/sand
inundation should be reduced. Also, farmers knowing their tand is safe from tlooding
and inundation, could invest in irrigation and increase their productivity. This may
retieve the pressure on the remaining forestlands, curtail deforestation and boost grain
production. This is why flood mitigation measures, including wetland proteciion and
watershed activitics are essential to protect the environment.

1.4 Socio Economy
(1) Economic Activities

Land Use: The West Rapti river flows in Banke and Dang districts. According to the
district data, agricultural and forcstland makes up most of the total plain arca in the two

districts (85.7%/nearly 100% respectively).
unit: hectare

_ Agriculiure VForest Sand/Gravel Others
District
S iBoulder
- 55,785 55,430 4,670 K}
HANKE 180% 47.7% 10% 0.3%
y 71,871 36,400 4] 0
E‘ﬁ(__ 664% 33.6% 00% 0.0%
10 Districts (where 800,591 352,508 43095 52,449
MiP rivers flow) 63.1% 28.2% 15% 4.2%

Source: 1Land Resources Mapping Project 1986, Deparlment of Survey
Forest Suivey 1993, Department of Foresl

Economically Active Population (10 Years of Age and Over) by Major Occupation:
A ratio of 67.3%/80.0% of the fabor force is cngaged in agriculture, as opposed fo
7.19%/5.0% in manufactusing and 17.2%/10.4% in service sectors,
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District Agriculture Service Productlion Sales Worker
e | Worker___ Worker __Worker ____| _and Others
. 62,613 16,030 6,599 7310
BANKE 67.3% 2% | 7.4% 84%
. 101,353 12,246 6,120 §752
DANG $0.0% 104% 5% 46%
10 Districts (where 1,123,328 215,393 73,937 107522
M/P rivers flow) 7139% 14.2% 4.9% 7%

Source: Population Census 1991, Central Bureau of Stalistics

Crop Arca and Productively of Agriculture Crop: Banke and Dang districts produce
a wide range of crops, wilh major crops of paddy, maize, wheat, and pulse. Thesc major
crops but wheat and pulse arc grown during the monsoon, Although there are also
winter paddy and maize, most of the paddy and maize arc grown in summer.

unit: hectare. (metric ton/ha.)

District Paddy Maize Wheat Pulses Qilsecds Sugarcane | Viegetables
3238 ] 7,500 e 1 8488 3535
1er g w : 1 ] »
BANKE 48 ] a9 ©.97) (12.55)

" 33,5000 1 23200 18,450 1323
DANG 32035400 209 Y S 07 (220
10 Districts (where | 537671 145452 174589 98536 102720 17331 11930

MP rivers flow) | (27.79) (18.14) (19) (4.9) (7.92) 3306 | (52.5%)

Sonrce; Annual Agricultural Development Programme 1995/96, Distriet

(2) Land lolding

Land Owacrship & Iolding: In Banke/Dang districls, the average land hoiding size
has declined in recent years like other districts in the Terai plain. The average size is far
below the 16.4-hectare ceiling imposed by the 1964 Lands Acl.  Nearly 90 % of the
agricultural Jand is under owner-cultivation.  With regard to the agriculturat tand under
“formal” tenancy, the most dominant form is sharecropping.

Disteict ~ Owner-Cultivated (%) Average Holding Size tha.)

- 198182 Cassyer | 19sis2 1991/92
BANKE 88.5 862 | ay 1 137
DANG | 5§04 w09 | sy 1.17
Terai 18 81.6 47 1 e

Tenure Arrangements: However, that since informal arrangements of land tenancy are
not recorded in the official census, the above figure of owner-cultivation should be
treated with caution.  Underlying the shatecropping category is a commonly known
phenomenon of “dual ownership”. To undettake flood mitigation works for land undes
“duat ownership”, it will be imperative to involve both land owners and tenants, both of
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whom are ealitled to ceriain shares of the procecds of the tand.

District Tenore Arrangement - 199192 (%)

_ o FivedRent |  ShareCrop Others
BANKE I Y B R 24
pANG | 75 ] 898 1.7
Terai 306 62.7 6.7

Souree: Nepal Samplce Census of Agriculture 1991792, Depariment of Agriculture

(3} Population

From nation-wide vicwpainl, in-migration in the cast is approaching to zcro, as new
lands available for cullivation are being closed. On the other hand, the western districis
conlinue to exhibit high population growth, since the land fronlicss are relatively open.
In a similar vein, the original inhabitants of the Terai constitute nearly or more than half
the population towards the west, while the proportion of indigenous groups makes up
less than half in most of the castern districts.

Population of Banke and Dang districts is 286,000 and 354,000 as of 1991 with
population growth rates of 3.3% and 2.8% (1981-1991) respectively. ‘The population
growth ratios were lower than the national average during 1970s, but the current pace of
population growth rates are stighily higher than the national average, i.c., 2.3% (1981-
1991).

Bemographic Records Of FKlood-Prene VDCs: The following table shows the
population trends of the VDCs affected by West Rapii floods.  The 1981-91 population
growth rate of the affected VDCs is 6.7%. This indicates that the population pressuic is
higher in the flood-risk VI)Cs, than other locatitics in Banke/Dang districls.

District vDC 1971 1981 1991 1996

Dang Gobardiya 4,183 8,075 19,755 12,377
Gangaparaspur 3,106 6,909 8,642 9,255
Gadawa - 8,181 71877 9,065
Rajpur . - 8,811 10,140
Lalmetiya 7,196 3,619 12,048 13,866
Sisahaniya 6,736 1,280 11,972 13,778
Sonpur 4,775 6,376 8,650 9,955
Chaulahi 5,585 7,333 10,800 12,429
Satbariya 3,323 6,415 3,829 10,161
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Banke Bejapur 2,954 - 1,745 9,11
Befahani 3,396 - 5,195 6,111
Binavna 2,959 - 4,839 5,692
Holiya 3,071 - 4,588 5,361
Kanli 2,465 3,783 6,391 1,517
—Kanchanpur - 4 5470 6,434
Khaskusnia 2,347 4,232 3819 4,516
Phatepur 4,713 6,593 10,793 12,695
Gangapur 2,097 - 3,837 4,513
Total 58,906 7 ?,865i 149,481 162,975

Sonrce: Population Census 1991, Central Burcau of Statistics
Nepal District Profile 1997, National scarch Associates

(4) Human Development Index (HDI)

In terms of the Human Development Index {which is a development indicator based on
life expectancy, adult literacy, and GDP), the districts in ecastcin areas of the country
tcceive, in generad, higher performance, and become lower toward the wesl.
Accordingly, the HHDIs of Banke and Dang districts are ranked among the lower strata
(46™ and 53" among all 75 districts).

1.5 River and Basin Conditions
1.5.1 Principal Basia Features

The West Rapti river basin extends from 27°45°N to 28°30°N and from 81°45°E to
83°15°E. The West Rapti river originates in Midland range and is classified as a class 11
river.  Adminisiratively il is located in Dang district (watershed basin) and Banke
district (plain basin) both in Mid-Western Development Region.

Basin arca of the West Rapti river is 6,418 km® in total, consisting of 5,800 km® of
mountainous basin and 618 km?’ of plain area. Boundarics of the river basin and sub-
basins were drawn on the basin map. Basin boundary in the Terai plain was delineated
in consideration of existing drainage channcls, irrigation canals, road networks and

other ground objects.

General basin maps of the West Rapti siver is shown in Fig. AL8. Topographic maps of
1/25,000 for the western part of Nepal are under preparation in Depariment of Survey
and not yet available. Topographic maps of 1/50,000 were used to preparc overall basin
ntaps of the West Rapti river. Lower basin of the West Rapti river was prepared based
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on the draft topographic maps of 1/25,000. Acrial photos of approximately 1/50,000

also were used to supplement the topographic maps.
Notable features of the West Rapti river basin are as follows:

1) The West Rapti river can be divided into upper and lower rcaches by the narrow
reaches upstream from Sikta.

2) The upper reaches of the West Rapti river forms a valley surcounded by the
northern stope of the Siwalik hill, southern stope of the Mahabharat ranges, and
narrow gorge in the lower end.

3) The lower reaches of the West Rapti river have wide channel of mild slope.
Bank erosion and river course shifting arc active.

4) Aany works in the gorge scctions to improve drainage in the upper basin would
affect the flood flow cenditions in the lower reaches.

5) Sikta Irrigation Project was studied in 1980. The project, however, was not put
into implementation due to failure of coordination with India.

6) A barrage was being constructed by India crossing the West Rapli fiver near the
border. The works are said suspended now.

1.5.2 Characteristics of River Channel

Channel slope and width of the existing river are shown in Fig. A1.9 for the plain
siretch. These wese prepared based on the topographic map of scale 1/25,000, since
river survey resulls were not available.  In order to oblain the river profile, spot
elevation data on the topographic map were uscd and the river widih was measured on
the map al the intervats of 1 km along the river. The river width includes perennial river

sections and sandbars of the meandering and braided river section.

According to the figure, principal features of the existing river in the Terai plain are

summarized below.

River Class Length{km) Slope Width(ny)
W. Rapti R. | 53.0(163.5) 1/540~1920 |  200~1700
Note: River length in () indicates that downstream from E-W Highway

1.5.3 River Course Shifting

It is generally said that rivers in the Tesai plain have tendency to shift westwards. If it is
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true the existing talweg might take closer to west or right side bank as a whole. To
confirm this hypothesis, the location of talweg in the river scction was measured at
every 1 km and shown in the Fig. AL9. The clear tendency of westward shifting was

not seen.

In order to look into the actuat shifting of river course in the past, topographic maps
prepared in 1953/54 (scale: 1/50,000) and those in 1996 (scale: 1/25,000) were
supcrimposed and shown in Fig. AL.10.

As for the West Rapti river, only the lower teaches from Sikta was studied, since the
shifting of river cowmrse upstrcam were considered to be limited within the meander belt
of the existing river being sandwiched by the Mahabharat ranges and the Siwalik hill.

According to the figure showing river course change during the past 42 years, the
following fealures are considered:

1)  Meander of the West Rapti river in the upper reaches of the Jhijhari river junction
is not scvere and the shifting of river course remains within the meandering belt.

2) In the lower reaches of the junclion, scale of the meandering gets farger and
shifling of river courses is reimarkable.

1.54 Riverbed Materials

The Study Team investigated rivertbed malerials along the plain reaches of the river,
The investigation includes the following outdoor and indoor works:

1) Sampling of river bed malcerials at sile
2) Grain size analysis at site ficld and in taboratory
3) Specific gravity test in laboratory

Bed materials of the West Rapti river were sampled at 23 sites (Fig. Al.11) among
which outdoor analyses were carricd out at 12 sites.

Results of riverbed material tests are shown in Table AL3 and the grading curves in
Fig. A1.12.

Principal featurcs of the riverbed materials are summarized betow. In the descriptions
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below, Ul denotes uniformity index defined as a ratio of d;, to d g, SG stands for specific

gravity, and classification of grain size is principally based on classification by AGU.

1) Samples: Samples are from the main course of the West Rapli river except for
the following:
¢ Tributaries from Mahabharat; WR-8. WR-9, WR-11, WR-13 WR-18
+  Other tributarics: WR-6, WR-23

2} Grain size: I is note worthy that the grading curves of the West Rapti river are

clearly classified into lwo types.
¢ dg,=0.17 to 0.54 mm (fine to coarse sand):Main river downstream from
WR-5 site
o dg = 23.56 to 33.09 mm (coasse grovel): Main river downstream from
WR-12 site
*  dg,= 0.18 1o 0.34 mm (finc to medium sand): Main river downstream
from WR-17 site
+  dgy = 2217 to 46.69 mm (coarse to very coarse gravel): Main river
upstream from WR-19 site
s dy = 0.18 10 0.59 mm {finc to coarse sand): Tributary samples of WR-
6 ,\WR-8, WR-9
* dg= 52.86 to 6548 mm (very coarse gravel): Tributary samples of WR-
11, WR-13, WR-18, WR-23
3) Uniformity index: Riverbed materials are well sorted and uniform in the
reaches from WR-1 to WR-5 and WR-14 10 WR-16
s Ul =2.1 to 3.0: Main river downstream from WR-5 site
+ Ul =64 to 117: Main river downstream from WR-12 sitc
* Ul =2.2to 5.0 Main river downstream from WR-16 site
+ Ul =40 to 168: Main river upstream from WR-17 site
s Ul =2.11to02.5: Tributary samples of WR-6, WR-8, WR-9
» Ul = 14 to 63: Tributary samples of WR-11, WR-13, WR-18, WR-23
4) Specific gravity ‘
*+  8G = 2.64 gfcc on average ranging from 2.58 to 2.69 g/cc
5) Longitudinal dislribution: Significant changes in grain sizes are scen at three
scctions between (1) WR-5 and WR-7 sites, (2) WR-12 and WR-14 sites, and
(3) WR-17 and WR-19 sites.

Bascd on the investigation tesult, grain size distribution along the river is shown in the
Fig. ALO.
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1.5.5 Land Use

Land utilization map and land capability map (scale: 1/50,000) arc available. These
maps have been prepared by Topographic Survey Section of Survey Depatriment under
the Canadian assistance progrant.

Mapping delails are based on aerial photos taken in 1978 and 1979 and extensive field
truthing and sampling during the year 1980 and 1981, The maps were published in
1982,

Existing land use of the plain area is shown in Fig. A1.13 based on the land utilization
map. These maps were prepased rearranging the classifications into five categories, i.e.,
(1) rice ficld, (2) diversified cropland, (3) grazing land, (4) forest, and (5) scttlement.

Land capability map is also available, which shows the land capability for agricultural
developrient mainly based on the land system such as topography, land slope, soil and
drainage conditions. Future land use would be prospected from the land capability.

1.5.6 Existing Basin Development Projects and Plans
Sikta Irrigation Project

Introduction: The project area proposed to be irrigated under this scheme lies in the
Banke District of the Mid Western Development Region of Nepal. In the west project
area extends right down to the India border. 1In the project area Nepalganj is the main
town that is the district as well as zonal headquarter of Bheri Zone.

Scheme: In this project (Fig. Al1.14), a Head-works {Barrage) shall be constructed on
Rapii river near village Agaiya to irrigate net 36070 ha, of land by constructing canals
on both the banks. The Head-works site is ncarby 60 km east of Nepalganj and is easily
approachable by an all weather road {Mahendra Raj Marg). Before reaching the main
ireigable arca, 36 km of the right bank main canal will have to pass through a forest.
The arca to be irsigaled by the right canal system is 34,270 ha between Mand and
Dundwa rivers. The right main canal shall be lined for 36 km and its design capacity is
34 m's. Irigation area on the left and is 1,800 ha (net). The left bank canal will be 12.4
km in length with design capacity of in 2 m"s.
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Back Ground: The pre-feasibility study of the project was conducted from January
1975 to June 1978. German Consultant Eahmeyer Intesnational (Gmbh) conducted its
feasibitity study from November 1978 to Augnst 1980 and feasibility of this project
with run-of-river diversion atone was cstablished. On the basis of these studies,
Department of lrrigation, Hydrology and Metcorelogy of HMGN (DI1HIM) cstablished
its full-fledged office in Nepalganj in November 1981 for a detailed investigation,

planning, design, and exccution of the project.

Consiruction Schedule: The construction schedule of this project has been showa in
Appeadix Il. This schedule has been prepared on the assumption that construction work
will start in full fledged way from the fiscal ycar 2040-41 (1983-84). In this condition,
the project would be completed in 10 years i.c. in fiscal year 1992-93.

(Source: Sikta Irrigation Project, Bricf Report; Mid-Western Development Region)

1.6 Vegetation in Watershed Area

General features of vegetalion in the watershed area are presented here. Sediment yield
from the watcrshed was not estimated for the West Rapti river, since the watershed arca
is large and the sediment yicld in the watershed does not direcily affect the sediment
flows in the plain arca. Most of the sediments in the plain area are secondary of tertiary
sediment deposit transported by river flows.

Watershed of the West Rapli river is classified as the climate and vegetation divisions of
Middlc Mountain and Terai and Outer Himalaya.

(1) Terai and Outer Himalaya

The Terai plain is composed of an alluvial fan and an alluvial plain of clevation ranging
from 50 m to 300 m,MSL extending from the foot of Siwalik hilis to the Inditan border.
‘The climate of this area belongs to the monsoon subtropical zone, and the dry season is
from October to May with the rainy season from June to September. The Terai plain
was covered widely by Sal forests (Shorea robusta). But, recently farmeis from Middle
Mountains cleared the forests rapidly for agricultusal land and villages.

The Siwalik hills were formed by upheaval of sediment bed carried from Himalaya.

Forcests are left in the Siwalik hills, because of too steep inclination for seitlement and
farming. But, clearing forest takes place recently cven in the Siwalik hills.

A,-1.16
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(2) Middle Mountain

The Middle Mountain is the arca of 1000 to 2500 m,MSL belween the Mahabharat and
High Himalaya mountain. The Middle Mountain is the ceatral place of Himalayan
mountain residents. In the castern and centeal part of the Middle Mouatain, population
is large and forest changed to cultivated lands and residential areas.

Latge forest arca shall remain in the western part of the country where population is
sparse. Generally the forests are left in the arcas such as (1) steep slope arca which is
hard to approach, (2) community forest managed by village, {3) forest with small shrine
of native belicf, and (4) north slope which is not svitable for agriculture.

Vegetation changes according to the changes of elevation. Sal forest continues from the
Terai plain up to 1000 to 1200 m,MSL, followed by laurel forest from 1040 to 2500
m,MS1.. These vegetalion zones are recognized throughout the Middle Mountain, and
forest specics changes from humid type in eastern part to dry type in weslern part.

1.7 Past Flood and Sediment Disasters

The Study Team investigated conditions of past flood and sediment disasters in January
1998. On the basis of the information obtained from the Disirict Iirigation offices and
District Development Committee offices, a total of 14 VDC/Municipality offices were
selected for the investigation. Furlthermore, a total of 228 residents in the ftood prone
areas were selected for the inlerview using questionnaire form.

Questionnaires to the residenis are summarized and shown in Table Al.4. In recent ten
years, the biggest flood occurred in 1997, followed by 1996 and 1993. Floods in 1961
and 1969 were more destsuctive than the above.

Bank erosion, flooding over farmland and sedimentation are the major types of disastess.
According to the data and information obtained from DDC and DIO of Dang and Banke
districts, arcas suffcring from bank crosion and flooding are summarized as shown
below.
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(Arcas Suffering from Bank Erosion and Flooding)

vDC Bank |  ward No.
Khaskusma Right and left No.9
Kachanapur Right No.1, 8
Baijapur Left No.2, 6
Binauna Left No.}, 8
Kamdi Right No.1
Fatehpur Left No.1,2,8,9
Betahani Right and left No4,5,6,7, 8
Holiya Right No.2,3,4,5,6,7
Lalmatiya Right No.L, 2,3,4
Sishaniya Right No.2,3,9
Sonpur Right No. 2,4,7
Chailahi Right No.2,4,5,6,7
Satbariya Right No.2, 3,4
Gobardiya Left No.1,8,9
Gangaparaspur Lefi No.2,3,4,7,9
Gadwa Left No.6, 7, 8,
| Rajpur Lefl No.1, 8,

Loss of life and damage to propetties are shown in Table A1.5, mainly based on data
during 1997-flood. According to the field investigation and interviews of residents in
the flood-suffering areas during the 1997-flood are shown in Fig. AL1S.

1.8 Flood Mitigation Aclivities

1.8.1 Existing River Facilities

According to the result of investigation conducted by the Study Team in Janvary 1998,

major siver facilitics of the Lakhandei river arc as follows:

1) Embankment: none

2) Spur : 81 sites
3) Revelment : 15 sites
4) Head work : Isite
S) Bridge : 3 sites

Location of these facilities is shown in Fig. A1.16. As seen in the above, spur (groin)
works sharc by far the majority of the facilities followed by revetment works. Almost
all the spur and revelment works are made of gabion by boulder and galvanized iron

(G.1.) wire net.
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‘The existing facilities are located sporadically along the river course. Some of these
spur and revelment wotks ate damaged alrcady probably duc to inappropriate foot
protection. In some sites single spur was scen, though the spur works can function
effectively, in gencral, when they are installed as a scrics. The types of existing spur or
bank proteclion works arc monotonous. Varicty of works should be introduced taking
account the river condition and availability of materials. Photos of typical river
facilities are shown in Fig. A1.17.

1.8.2 DPelicy Framework

There are various laws and policics governing and orientating the flood mitigation
activities. The foltowings are the major ones, among others:

1) Approach to the Ninth Pian (1997-2002})

2) Nationat Action Plan on Disaster Management
3) Draft Flood Mitigation Policy

4) Watershed Development Palicy

1.8.3 Organizations Involved in Flood Mitigation

The Dcpartment of lrigation (DOI) is responsible for flood mitigation in the
downstream arcas. At the same time, there are other agencies that can make sigaificant
contributions to the implementation of flood mitigation project, both within and outside
the central Government.

The Water-induced Disaster Prevention Technical Center (DPTC) has developed
technologies and methodologies which can be applicd to the project.

The Department of Soil Conseivation and Watershed Management (DOSCWM), with
an increasing number of branch offices in the Terai plain, also contributes to the project
implementation through soil conservation which is also a crucial factor in promoting
flood mitigation in the 1arget arcas.

As indicaled by the expericnce of the efforts for small-scale infrastructure development
by the Ministry of Local Development (MLD), the local govemning institutions (LGls)
can play a significant role in facilitating community mobilization and also in
coordinating different organizations operaling in their own jurisdictions. There exists

an NGO-led disaster preparedness network (DPNET), an association of organizations
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concerncd with community-based disaster management can participate in implementing
community development components of the flood mitigation project.
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LIST OF METEOROLOGICAL STATIONS

Table ALl

S';_!c'fn Siation Name Type of Station [ Rep. Ijmuge 4 L:T g“-ugdc " He(\:‘;'m ;t::f; Remarks
[ 0301 {Muge Precipitation | MW{ 29, 45 0o] 827 33; 00| - 3803 ] 06-1958
0302| Thirpu Frecipitation Mwl 29, 19, 00] R1° 45 00] 1,006 | §2-1938]
0303 |Juntta Synoptic mw [ 29; 17; 00] &2 100 00] 2300 #2-1956
0304]Guti Chaur Precipitation MW| 29] 17 00] B2, 19 00] 3080 06-1976
0305 Sheri Ghat Precipitation MW 29, 08 00] 81! 36 00 1,210 | 02-1968
0306{Garn Shree Nagar Precipitation mMw| 29, 330 o0 820 09] | 2,033] 10-1970
0307|Rara__ Clinatology MW| 20 33, 00] 82; 070 00] 30481 101570
0308{Nagma Precipitation  |[MW| 29, 12] oof 815 54} 0] 1,905 ] 10-1970
0305{Bijay spur (Raskol) Precipitation MW 29) 14 00] 81 38 060] 1814] 12-i956
0310]Dipayat Gaun Climatology MW 29] 18] 00] 82 13: 00  23t0| 06191
0311 {Simiket Chimatotogy MW | 29, 58! 00| 811 so. co] 2800 051976
0312{Dunai Climatology aw| 23] 56’ 00| 821 55! 00f 20581 06-195%
0313]Darma Precipitation aMw| 29! 41 0ol 32| 06! 0D 19501 09-1979
6101{Pusma Canp Climatolopy | MW 28° 53 oo] 81] 35! 00]  950{ 011963
0102]Daikkh Climatology Mw] 28 53] 09 81| 43! 00 1,402 1 01-1957
0103 [ Jamu (Tihuwa Kuna) Frecipitation MW 28! 471 00] 81} 20, OO0 260 | 05-1963 o
0404 ] Jajarkot Precipitation mwl 281 820 00] 821 12 00 1,230 | 12-1956
0103 [Chisapani (Karnali) Chmatology MWL 28! 39, 00] 811 16 00 225 | 01-1963
0106 }Surkhet (Birendra Nagas)  1Synoptic Mw | 2s] 360 oof 81] 375 00 220 | 01-19517
0407 [Kusum Precipitation MW | 28| O] 00] 82 07 0O 235 | 11-1956]West Rapti
O3 [Gulariya Precipitation mMw| 280 10 00] 817 21¢ 00 215 | 0F-1957}8abai
G309 Khajura (Nepalaunj) Agiometeotogy | MW 28 o6’ 00] 81] 341 00 190 | 03-1968|West Rapti
0410]|Bale Budha Precipitation MW | 28: 47; 00] 811 45 00 610 | 05-1963
0411]Rajapur Precipitation MW 28; 26' 00| 81] 06} VO 129] 02-1971
0312 Navhasla Pictipitation MW | 28 16 oG] 81 43 0D 135 | 02-1971|West Rapti
0413]Shyalo Shree Precipitation MwE 281 27 0pf 811 35 0 302 | 02-1971|Babai
0413 Baijapus Precipitation MW ] 280 03 00 Bi] 54 00 226 § 02-1971]West Rapti
04151 Bargadaha Precipitation Mw | 281 260 ool 84 21 M0 2001 11-1967]Batai
0116|Nepalzunj (Reg O} Cliratelogy Mw | 281 04 00] 8Y; 37, 00 144 | 02-1973]West Rapti
01 7| Rani Jaruwa Nuisery Climatology Mw | 281 230 oo} 81l 21 00 200 ] 12-1975]|Babat
0418§Maina Gaun (D bas) Precipitation Mw | 28! 59 00)] B2 17, ©0]) 2,000 | 05-1975
0419)5ik13 Agrometeology | MW 287 02} 00] 811 47: 00 195 | 85-1978)Wesl Rapti
036 1{Rulumket Precipitabont Mw]| 28" 36' 00| k2! 38 &0 1,560 | 07-1957
0502 Shera Gaun Precipifation Mw | 287 35{ 00| 82 49! 0 2,150 | 07-1937
G504 H.ibang Gaun Precipitation MWl 28" 181 co| 82 380 00 1,270 | 07-1957|West Rapti
0505 Bijumar Tas Precipitation MwW| 28 05 00| 82| 521 00 823 | 08-1957|West Rapti
0507 Nayabasti {Dang) Precipitation MW 28 130 O 82 07 00 698 | 12-1970{Babai
0508 Tulsipur Cltmatology Mw | 28" ©8i 0o] 82 18! 00 725 ¢ 12-1970{Babai
0509 Grorahi (Masina) Precipitation Mw | 28 03 00] 82 30 00 725 { 12-1970]Babai
0510]Loitabas Precipitalion mMw | 270 42f oo] B2 32 00 3201 021971
0511]Salyan Basar ___[Climatology Mw| 28 23 00| 82 200 00] 1,357 | 11-1958]Babai
0512]Luwaminla Basar Peecipitation Mw| 28 18 00| 821 17 &0 885 | 11-1971[Babai
(313 Chaur Jhar Tar Chmatology Mw| 28 327 00| 82] 01] o0 910 | 06-1975
05141 Musikot (Rukvmbot) Chmatolopy MW 28: 38 00| 820 29 00 2100 ] 07-197)
___0515]Ghorai Synoplic Mwl 28 03 00f 82! 30, o0 225 *

(Note) Reg. MW: Mid Western Region {All the stations of this region are tisted )
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Table A1.3

GRAIDING OF RIVERBED MATERIALS

Cumulafive percioelage of passing matenads (%)

Samply <0075 <0106 <028 <0425 <DBS | <2 | <1 75] <95 | <19 | «265] <325 <53 | <100 | <200 | <400
oode | (mm) | {mng) | (mm} | {minn) b (mm) | (man) | (med | (mn) | (mm) | {ms) | (mai) | (mm) | (mny) | (sm) § {niny)
0075]0.106 ] 0.250 ] 0.425{ 0.850] 200 | .75 | 950 | 190 | 265 | 375 1 530 | 1000 200.0| 400.0 ]

West Rapti River .
WR-1| 27 19 726 965 597 999 1000 1000|1000 1000 1000 1000]1000 1000 1000
WR-2| 5% 162 975 929 959 1000 1000 1000|1000 1000 1000 100.0) 1000 1000 1000
WR-3| 06 23 455 924 1000 1000 1000 1000|1000 1000 1000 1006|1000 100G 1000
WR-4] 33 18 614 931 %68 921 976 934 |1000 1000 000 1000} 1000 1000 1000

= WR-S| 00 01 52 390 937 6§93 997 10001000 1000 (000 1000} 1000 1000 1000
WR6] 33 86 831 932 939 923 598 1000]1000 1000 1000 1006|1000 100G 1000
WR-7| 07 1.2 43 110 352 174 226 312} 457 544 631 7301 | 0 1000 1000
WR-8| 00 01 40 274 915 993 997 1000}!1000 1000 1000 1000|1000 1000 1000
WRS] 12 49 272 907 539 1000 1000 1000§ 1000 1000 1000 1000]1000 100¢ 1000
WR-11 0.1 0.4 s 103 54 189 251 353 | 485 574 670 775 | 1000 1000 1000
WR-1I] 05 10 44 Bl 123 164 207 M3 | MS 409 489 578 | 795 1000 1000
WRA2 03 06 78 157 197 2017 258 356 | 528 639 755 845 | 1000 1800 1000
WR-1Y 04 0% 51 93 124 15t 192 47| 325 37S 451 511 | 778 1000 1000
WR-14 08 22 4§13 924 90 993 997 1000] 1000 10800 000 1000 1000 1000 1000
WR-18 19 62 415 720 8§99 933 959 947 | 100G 1000 1000 1000|1000 1000 1000
WR-16 53 128 8§93 996 1000 1000 1000 1000|1000 1000 1000 1000|1000 100.0 1000
WR-17 $4 91 547 682 75 723 M3 810 864 ERE 934 960 | 1000 100.0 1000
WR-18 .4 02 11 33 23 N7 147 175 | 96 376 485 6D | 889 1000 1000
WR-i9 37 6t 101 12% 173 216 219 355 | S44 655 798 906 | 1000 100.0 1000
WR-2(§ 1.3 27 e 209 248 271 310 380 ] 553 639 733 837 (1000 1000 1000
WR-21| 13 24 6.4 64 139 172 228 300 | 486 592 714 E0.7 {1000 1000 1000
WR-22] 31 4.7 82 110 130 170 208 69| 383 450 546 531 1 797 1000 1000
WR-2} 04 68 31 18 64 114 182 2.7 344 390 464 529 M3 1000 1000

REPRESENTATIVE GRAIN SIZES AND SPECIFIC GRAVITY

Represcntative grain size Spexific pravity(g'oc)
Samplg 16 60 65 81 431 | SGU [ SG2|5Geve
oode | (%) | (%) | (%5} | (%) | 415 | (g'cc)] (o) | (piec)

West Rapti River
WR-1] 032 1021|023 ) 032 273 267 2691 2068
WR-21 031 | 617 | 018§ 022 | 206 ) 256 260 258
WR-31 014 | 029 ] 030 ] 037 | 265 266 200| 263
WRA] 01210233025 025 299 | 259 260| 280
VWR-5| 030 | 051|057 ] 072] 232 256 260 258
WRG| 011|018 | 019 | 0247 208 | 266 263 265
WR-7] 117 |33.09 3299 77197 | 6638 265 2463 | 2.67
WRS| 0331059062074 227|263 2656} 265
WRO1 016§ 033 | 034 ] 010 247 ] 253 260 ]| 260
WR-1(8 099 [ 29.15]| 34946362 6116[ 268 270 | 2469
WR- 11| £.81 | 653 | 65.43J11643]63.32| 259 263 | 261
WR-12) 0,45 | 2356 | 27351 50 89 |[11657] 266 268 | 267
WR-13 243 | 62105 71.00|120.36] 4986 261 261 | 263
WR-14! Gt3 | 030§ 632 | 039 ) 271 | 267 263 ) 288
WR-iSf 013 | 0.M [ 038 | 068 F 503 | 263 267§ 265
WR-I16 O11 | 018 | 012 | 024 ] 215 | 265 263 | 264
WR-17] 012 { 031 | 038 | 1395|1155%] 265 267 | 266
WR-18 6.50 15286 ]59.06)82.797] 1380¢ 267 263 | 265
WR-19 069 [22.17|2542]4290)62.82] 260 259 | 260
WR-200 (232 | 2282 | 2761 535916832 2466 269 | 268
WR-21]| 147 | 27.09|31.25| 55.10) 40.29| 267 230 | 269
WR-22] 149 | 466925691 |EI582) 7762 260 263 | 262
WR-23 358 | 654817593 |129.9G{ 2626] 263 267 ] 265

Averape 261
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Name of siver; WEST RAPI RIVER(1/2)

Table AL4(1/2)

SUMMARY OF QUESTIONNAIRES BY RIVER

No. ¥

Questions/items

| I

Summasy of answers

1. FILOOB EVENiS

1.1 Year of most severe flood in past | 1997(144), 1993(12), 1996{12), 1993(3)
| 10years{nopy
1.2 | Hoods in a year {times) Averagel7) ranging(4 1o 12)
13 Severe floods in past 10 years | Average(5) ranging(2 to 12)
fimes)
14 {Cancelled) Y (Coancclledy
15 Cause of food (nop) Too much rain{150) Sediment flow{37)
+  Bank erosion{69) *  Others(13)

2. EFFECT NUE TO SEVERE ¥1L.OOD IN PAST

| 2.1 Laoss of human life {nop) 0 (excluding those due to epidemic disease) o
22 Lass of livestock/hushbandry {nas) | «  Cow{88) Bulfalo{30)
| «  Sheep/Goar(15) + Poulty(0) ]
23 Damage to farm fand (ha) Trrigated land: Average(0.0) ranging(0)
~ Non-irrigated land: Average{1.7) ranging(9.71027y
24 Extent of damage to farm Jand Simple invndation (nop): 0
Loss of ciops (nop):
Faddy(79), Svgarcane{0), Maize(4), Others(1}
B Total washoot (ha): Average(1.6) ranging(0 to 16.0)
25 Extent of damage to dwelling and { +  Flooding duration (days): Average(2.3) ranging(l to 7)
asset +  Flooding depth in {(m}): Average(1.5) rangingf0.75 10 2.9)
+  Damage to house (rop):
Severe(32), Moderate(6), Ordinary(22)
Laoss of cash (Rs): (No answer)
Loss of food grains (kg):
Paddy: Average(250) ranging(0 ta 460)
Clothing (nos): Average(0) ranging(0}
e Other valuables: Average(() ranging(0)
26 Piablees during flood Erosion of river bank{82)
{nop) Sediment in the river(15)
Sediment in irrigation canal(8})
Drinking water problem({48)
Sanitary problen{2)
Salinity(0)
» Flooding over farm [3ad(43)
+ Others(9)
2.7 Epidemic discase after flood? | - Yes(28) No{13}
{nep) -
28 If yes, kind of epidemic disease | - Cholerz(11) Dysentery(10)
fop) + Typhoid{0) Others(7)
1 2.9 Fatal cavsality? (nop) - Yes(D) No{43)
2.10 | Reason of fload(nop) +  Toeo much rain{31}
+ lack of flood protection works(75)
+ Weak river training works{3})
Sedimenl lcad in the flood water(3)
- Flood from adjoining rivers(7) -
2.11 | Toial amounl of damage (Rs) - Average({211,000) ranging(0 to 1,500,000)

{Remarks) nop: Number of persons who answer to the item.
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Name of river: WESTE RAPTI RIVER{(2/2)

‘Table AL4(2/2)

SUMMARY OF QUESTIONNAIRES BY RIVER

No Willingness{(}

Ne. | Questions/fitems _ Summary of answers
A FLOOD WARNING SYSTEM ~
3.1 (Cancelled) (Cancelied) _
32 Self warning (nop) +  Mleavy rain/Migh floed level(100)
Bank erosion{4) «  Smelled mud(0}

+  Unusval sound(16} Others{2) N
i3 Warning by others (nop) Neighbors(0) Inslitutions(0) +  Others(0)
4. FLOOD RELIEF MFEASURES -

4.1 Evacuation experience? (nop) Yes{52) No(127ny
42 If yes, place of evacuation (nop) «  ligh geound(10) Public building{0}
L Others houses(3) Othersite(dd)
4.3 Being relieved? (nop) Yes{4) No(169}
4.4 If yes, how?(nop} In cash{}) _ Kind(1}
4.5 Organizationfindividual  giving Cenlsal government(3) DDC(D)
relief (nop) VDC(4) Other institutions(0)
+ NGO(0) Individuals(0)
4.6 {Cancelled) {Cancelled)
5. PREVENTIVE MEASURES AGAINST FLGOD o
5.1a | Current preparedness/ measures |« Warning{0) *  Evacuation(12)
{nop) Settlement{21)
5.1b | Proposed preparedness/ measutcs Warning(5) = Evacuation(3)
{nop) Settlement{26)
5.2a { Current non-siructural measures |+ Seed storage(0) »  Cash pool«(0)
| {nop) Informal insurance(0) _ Others(@)
5.2b | Proposed non-structural measures Seed starage(4) Cash pools{5)
| (nop) Informal insurance(4) Orhers{)
5.3z | Current stroctural measures (nop) Embankment{C) Spur(0)
Simple gabton(() Plantation{()
1 Othes(1) o
5.3b | Proposed structural measures(rop) |+ Embankment{125) * Spur(63}
Simple gabion(30) Plantation(16)
B Others(2) L
&, PARTICIPATION ACTIVITIES o .
6.1 Experience of Participation in Yes(49) No(137)
activities? (nop) o .
6.2 If yes, type (nop) Cash{2) Eabor(48} «  Kind(»)
Care takes(2) Othersf2) ~
6.3 If no, reason {nop) «  DBeing affected badly(4) Financialiy weak{0)
Being out of the area(l) No willingness(1)
Others(135) o B
6.4 Willing to participate in future? Yes(159) No23)
(nop) B
6.5 If yes, type (nop} Cash(19) Labor{163) Kind(5)
o Care 12ker(20) Others(2) .
6.6 il no, reasons (nop) No time{4)
No benefit(21)

Not known how to participate(0)

Others(0)

{Remarks) nop: Number of persons who answer to the item.
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