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I. EXISTING CONDITIONS

1.i  ‘Topography and Geology

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

1) Inner Himalayan vatleys
2) Higher Himalayan zone
3) Lesscr Himalayan zone
»  Midtand range
*  Mahabharat range
4) Siwalik (Churia) hills
5) Dunvallcys
6) Terai plain

The Narayani river basin covers all the topographical and geological zones mentioned
above. Principal featurcs of these zones are presented below.

(1) Inner Himalayan Valleys

North of the Iigher Himalayan zone and south of Tibetan platcau are called as Inner
Himalayan valleys including Mustang and Langu. In these valleys the amount of
annual rainfall is smalt below 250 mm. The rocks are of Tethys sediments with recent

alluvium covering.

(2) Higher Himalayan Zone

Snow covered peaks and decp and "U" shaped glacial hanging vallcys are the main
topographic features in the Higher Himalayan zone. The mountains above 3,800
m,MSL are mosily bairen of vegetation and above 4,800 m,MSL snow occurs at most
places. Bigher peaks are located mostty in the east Nepal as compared to the west. On
mountain slopes, glacial moraines are found. Sometimes the moraines form glacial
lakes which arc found mostly in northern Nepal.

The topographic slope in this zone varics from vertical to 740 m/km. This slope makes

racks unstable. In Nepal the dip of rock is generally towards the north cast. In places
where river makes bend and dip is towards tlic valleys, exposed bedrock slips due to the

AL}
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load pressure exceeding frictional force. The load increases with erosion of the vatley
and decreases with erosion of surface layer.

Rivers have gradient of 200 1o 740 m/km and flow velocity increases at night summer
whea the snownielt water reaches the river channel. Snow melts during the day and it
takes about 5 to 6 hours to reach the river channcl. In this zone, rockslides or mountain
slides often happen. Gravily slides occur in the bed dips of 30° to 60°. Bcelow or above
this dip rocks are mosily slable, unless they arc fractorcd.

(3) Lesser Himalayan Zone

Lesser Himalayan zone occupies the central part of the llimatayan Mountains. |t
consists of a series of mountain ranges rising abruplly above its low rolling hills.

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

Midland Range

The Midland range consists of low hills, river and tectonic valleys, The slope ranges
from 100 to 400 m/km. In this range, generally the rocks consist of fissile phyllite and
schist. The dip of the bed in this part is generally towards the notth. In the areas where
rivers have cast-west course, landslides are seen on the southern bank of the river.
Since the phyllite is a soft rock, the exposed bed in the botiom section of hill is found 1o
be crushed in most places, indicating that the load is beyond its bearing capacity.

The Midland range is composed of soft rocks (phyllite, slate and dolomite) and thick
soit covers this arca, heace it is heavily populated. Because soft rocks weather easily,
the Midland range forms low and mild slope hills. Nearly all the hill slopes are found to
be formed from the tatus of landstide and rock fall. Generally the hill slope appears to
be slable for a period of 8 to 10 years after the slide tilf the talus is washed away by
under-cutting of the river, and at the same time, this causes the development of gullies
and crosion throughout valleys. Slowly the topography changes from fiat to steeper
terrain and stiding occurs again. :

Mahabharat Range

The Mahabharat range consists of comparatively harder rock than the midland range.

Arl2
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The number of slides is found (o be less even though the topography is steep. The
topography is steeper on the southern slope comparing to the northern one of about 100
to 200 m/km. Slides take place on the northern stope and rock falls on the southern
slope. The steep of the topography can be attributed to the Main Boundary Fault (MBI}
which lics mostly at the southein foot of the ranges.

The Mahabharat ranges arc the first sct of high mounlains facing the Terai plain, and
affects much to the climate of Nepal during the monsoon.

(4) Siwalik (Churia) Hills

The Siwalik {Churia) hills are the lowest hills bordesing the Indo-Gangetic plain in the
north. Mostly it consists of rocks of altcinating beds of clay, sandstone, sand and pcbble.
The rocks generally dip northwards.  Alternately loose and hard rock beds have
produced the escarpment feature. Is many places rugged land with numerous gullics
and mound of talus are found. The topographic slope varies from 200 to 400 m/km on
the average. The Siwalik hills are divided into three layers, ic., upper, middle and

lower Siwaliks.

Upper Siwalik

The upper Siwatik is mainly conglomerate with pebbles and boulders of pale schistosc
quarizite, purple and white quarizile; dark phyllites; puiple and dark pebbly quarizite
and silt brown sandstone. The depth of upper Siwalik is about 2G00 to 3000 meters.

Midd}e Siwalik

The layer of middle Siwalik is found in the form of thick deposits of sandstonc. Thecse
are characterized by their feldspar and mica content. Apparently the sandstone has been
derived from granite rocks. Calcarcous concretions and seams of coal are found in the
basal part. In many scctions, the sandstone forms verdical cliffs, The depth of middle
Siwalik is about 2000 10 2500 melcrs.

The lower Siwalik is alteration of brown, weathered sandstone and chocotate colored
clays. The alternation of beds is not thick as the sandstone. Beds of impure limestone
also occur within the lower Siwalik. The depth of lower Siwalik is abeout 1200 1o 1500

A-13
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meters. All pcbbles except those found in the brown sandstonc ate derived from rocks
of Pre-terhiary age.

(5) Dun Valleys

The Siwalik hills make separate ranges from east {o west except in some places where it
merges with Mahabharat range. The separate ranges form Dun Valleys as seen in
Trijunga, Bast Rapti-Nawalpur, Deokhuri {West Rapti), Dang Vailey, Surkhet Valley, etc.
The Dun Valleys are fertile and are similar to the Terai plain in nature. Hence they are
somelimes classificd as a part of the Terai plain.

(6) Terai Plain

The Tesai plain is the continuation of Indo-Gangetic plain having an elevation from 50
to 300 m,MSL. Its width varics between 10 to 30 km with one exceplion at Koilabash
narraw, and extends from east to west Nepal for about 900 km.

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

In the Terai plain the changes of river stccam are often scen in places by the lateral
erosion incorporaled by much scdiment from the mountainous area. On such rivers,
antificial structure works such as bridge, roads and irrigation facilities have to be given
carcful consideration.

The Terai plain is divided into three zones, i.e., (1) Bhabhar zone (foot of hill}), (2)
Marshy area (spring line), and (3) Southern Terai (Indian border).

Bhabhar Zone

The Bhabhar zone lies at the foot of Siwalik hills and is about 12 km-wide (Charkose
Jhadi). 1t is composed of boulder, pebble, cobble and sand of Siwalik hills or
Mahabharat 1ange deposited by the present rivers. In most cases the rocks are sandstone,
quartz or charly dolomite. The foot of hills is covered with evergreen forest.

Soils are mainly alluvium consisling of sand, silt, clay looms and silty clay. In the dry
scason atmost all rivers in this zonc have no flow on the surface and water flow
undesgeound only.



Narayani R.

Marshy Area

The marshy area is found in the south of Bhabhar zone where two lithological units
having different porosity and permeability meet or inter finger along with the change of
clevation mainly resulting in spring lines, ponds, lakes, cte. 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 loose, brownish to grecnish
with black and red shale fragments. The clay is mostly blackish gray where a thick
sequence is found, but yellow one is also observed at some places where thete was a
temporary hiatus in its deposition or because of a flood at that time. This is particularly
true in Lumbini zone,

S l l 'I‘ [aj

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

(7) Narayani River Basin

The lower reaches of the Kali Gandaki and Trisuli river junction is called as the
Narayani river. Major tributaries of the Narayani river are as presented below.

» The Kali Gandaki river drains the area from central Nepal to higher Himalaya.
The Kali Gandaki river riscs in the trans-Himalayan tract beyond Mamang Bhot
and joins many sivers in the upper region. The river cuts across the higher
Himalayan range through a gosge belween the Dhoulagiri and the Annapuina
massifs.

* The Seti Gandaki river rises in the base of the Annapurna Himal massif. The
river flows through the Pokhaia valley and joins with the Trisuli river.

*  The Marsyangdi river flows on the north of Annapurna Himal massif and turns
toward south on the west of Manaslu Himal.

¢ The Trisuli river rises from the Gancsh Himal and flows down to soulh,
southwest and then joins the Marsyangdi river, Seti siver, and finally the Kali
Gandaki river.

Since in the upper basin before these rivess enter to the Narayani siver, these rivers flow
through the longitudial valley or gentle slope, large materials such as bouldess and

Ac1S
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cobble stones first deposit in the valley and they are transported to lower reaches by
river flow during large flood.

The Narayani river is located in Dun area and surrounded by the Siwalik hills. The East
Rapti river joins to the Narayani river in the Dun area. The Narayani river receives
much sediment such as gravel, sand and clay through the East Rapti river and other
tributaries from the Siwalik hills,

Geological map of the Narayani river basin is showa in Fig. AL.2.

1.2 Meteorology and Hydrology
1.2.1 Meteo-Hydrological Observation

Responsibitilics for meteo-hydrological data collection and analysis in Nepal have been
born mainly by the Department of Hydrology and Meteorology (PHM), the Ministry of
Science and Technology. Other authorities such as the Depariment of lirigation (DQI),
Nepal Electricity Authority (NEA), and International Center for Integrated Mountain
Devetopment (ICIMOD) also conduct meteo-hydrological observations. In principle,
alt of these data obsesved by other authorities are also sent to the DHM. The DHM
publishes data in yearbooks after basic checking has been completed.

The Mcteorology Section of DHM is responsible for compitation and analysis of
meteorological observation records such as precipitation, temperature, humidity, vapor
pressure, sunshine, wind, evaporation and soil temperature. And the Hydrology Sectian
of DHM is responsible for compitation and analysis of hydrological obsesvation records
such as water level and sediment.

Based on the DHM’s data, a list of meteorological and hydromeltic stations in the
Ceniral and Western Development Regions is shown in Tables Al.1 and Al.2, and their

locations are shown in Figs. Al.3 and Al4.

In order to supplement the existing obscrvatory, the Study Team installed recording rain
gauge al the following site:

A;-1.6
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River basin Carctaker | Seiial Nuniber
Naravani Chitwan District Iuigation Office Gauge: 232746
} ) (Bharatpur) i Recorder: 244191

1.2.2 Meteo-Hydrological Features of Basin

Climate of the Narayani river basin varies wide range depending on the location from
Tundra monsoon subtropical zone in Terai plain and Siwalik hills to Tundra in higher
Himalayan zone. The dry season (from October to May) and rainy season (from June to
September) are clear in the inner Tezai. The dry and rainy seasons due to monsoon ar¢
the major cause of climatic contrasts in the inner Terai. Figure ALS shows the meteo- |
hydrological features of the basin based on the monthly average data at Mustang and
Pokhara airport (sta. code: 0612 and 0804).

(1) Temperature

Altitude affects much the temperature. The annual average temperature is 5.7C at
Mustang and 20.9°C at Pokhara airport, ranging from ~2.5°C in the coldest month to
13.9°C in the hottest month at Mustang and ranging from 13.5°C to 25.9C at Pokhara
airport. The coldest month is in January and the hottest falls in betwcen June and July.
The temperature tises from March to June-July white it decreases from October 1o

January.

(2) Relative Humidity

According to Fig. A1.S, annual average relative humidity is 82.9% at Mustang and
80.9% at Pokhara aitport, ranging from 70.2% in Junc to 94.4% in Janvary at Mustang
and from 60.9% in April to 90.2% in January at Pokhara airport.

(3) Rainfall

‘Yhe study area receives the southeast monsoon during the months from June to
September. The monsoon air-stream is forced to rise as it meets the Himalayas and
causes heavy rainfall on the south facing slopes (Fig. A1.6).

According to Fig. AL.5, annuat rainfall at Pokhara airport is 3,733mm on average
ranging from 3,073 to 4,217mm depending on the year. The maximum rainfall is
4,217mm in 1993, The 81% of annual 1ainfall is concentrated in rainy season from Junc

10 Scptember.
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(4) Runolf

Figure AL.7 shows the monthly average flow of the Narayani siver at Narayan Ghat
station (No. 450).

According to Fig. AL7, The runoff increases from May to August while it decreases
from August ta November and the most of runoff is concentrated in rainy season from
June to September. The annual average runoff at Narayan Ghat stalion is approximately
1,600m%s. The maximum monthly average flow is approximately 5,100m/s in August,
The monthly average flow exceeds the annual average during the period from July to
September.

1.3 Environment
1.3.1  Environmental Organizations and Institutions

The Environmental Division of the Ministry of Population and Environment has overall
responsibilily for environmental matlers in Nepal. In June of 1997, Environmental
Conservation Rules were issued under section 24 of the 1997 Environmental
Conscivation Act. These rules lay down procedure to be followed when new projects
are proposed or existing projects extended.

1.3.2 Envirenmenfal Overview

The Narayani river is a class-1 river rising in the Himalayan mountains and has many
tributarics joining it. It has a basin area of some 35,780 km’, {ncarly 3.6 million
hectares) of which just less than 2% are in the Terai. It flows year round and has a
tength of 360 km. In the Terai plains, its length is about 83 km,, with a basin arca of
some 705 km’ (70,500 hectares). It is joined by the East Rapti river and these rivers
form 1wo boundary lines of the Chitwan National Park, one of the few remaining areas
of natural vegetation in the Terai.

‘The national park in Chitwan is fully protected from encroachment. ‘There is also a
buffer zone round this (and every other) park, with restrictions on the use of forest land
and the river bank zones. The total area of Chitwan N.P. is 93,200 ha., 80% bcing forest
and the remaining 20% grasslands. The river Narayani runs along the park’s western
border, with the East Rapti river forming the park’s northern border. Much of the park is

Al‘I.S
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clevated, thus, dusing the monsoons, river water tends to flow on farm and forest land
opposite the park. Some dikes and gabions ctc. have been erected to prevent this from
happening, but this protection is incomplete.

The flora and fauna in the Chitwan national park and wetlands in the vicinily of the
Narayani river include 43 specics of mammals and over a hundred specics of bisds.
Some notable mammals and reptiles are Ritinoceros uniceroni (thino), Panthera tigris
(tiger), Axis axis and A. pircinus (deer), Gavialis gangeticus {gharial crocodile),
Crocoylus palustris, Plantanista gangetica {Gangetic dolphin) and many migratory
birds. The fauna include Saccharum spontancum (elephant grass), Imperata cylindrica
(impcrata grass), Bombax ceiba (simal {false kapok]) Dalbergia sissao (sisoo} Acacia
catechu (khair), Terminalia tormentosa (saj) and Trewia nudiflora. The tiees on the
ftoodplain include, khair, sal, simal, sisoo, Ficus glomerata (gular), Engenia jombolana
(kyamuno) and Terminalia tomentosa (saj).

The existing land use and poputation density of the Narayani river basin in the Terai is

shown below.

(Land Arca, Land Usc and Population Excluding the Chitwan National Park: 1998)

ltems Agri- Forest Barren/ Other Total Population
I _|.ecultore | | sand - . .
Arca(he) | 51310 | 16280 | 950 | 1,960 | 70,500 | (257,000)*

Ratio (%) 728 23.1 1.3 2.8 100 3.6)**

{Note)*: Population (persons), **: Population densily (per/ha)

Over 70% of the Narayani basin area in the Terai is now farmed, but there is still about
one-quarter of the land under frees. According to the Inventory of Wetlands (IUCN
1996), there are 3 wettands in the vicinity of this river. It is still to be determined if the
proposed flood mitigation interventions will affect these areas. However, with such a
high population density, the protection of the farmland and property is important,

Every ycar, sand, silt andfor floodwater on average covers on average over 5,000
hectares of which about 1,000 ha. are covesed with sand and soil. Some of this soil
cover is a result of human aclivily, especially in the Siwalik hitls. In addition, over 1%
of the land is batren or covered with sand, principally due to flooding and inundation.

This is why flood mitigation measures, including watershed activities are cssential to
protect the environment. With appropriate flood miligation measures, such land could

Ac19
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be reclaimed and soil/sand inundation should be reduced. Also, farmers knowing their
land is safc from flooding and inundation, could invest in irrigation and increase their
produclivity. This may relieve the pressure on the remaining forestlands, custail
deforestation and boost grain production.

1.4 Socio Economy
(1} Economic Activities

I.and Use:The Narayani river flows in Chitwan and Nawalparasi districts. According
to the district data, agricultural and forestland most of the total plain area in the two
districts (81.9%/96.4% respectively).

unit: hectare

N Agriculture Forest Sand/Gravel Others
District ’
_ ) B fBoulder -
. 49272 18,500 G 15,000
CRITWAN 59.5% 22 4% 18.1%
N 71310 8,583 I FET 13
J 4 » ¥ » )
NAWALPARASI 86.0% 104% 2% 0.9%
10 Districts (where 800,591 352,508 43095 52,449
M/P rivers flow) 64.1% 28.2% 35% 4.2%

Source: Land Resources Mapping Project 1986, Depariment of Survey
Forest Susvey 1993, Deparimenl of Forest

Economically Active Papulation {£0 Years of Age and Over) by Major Occupation:
A ratio of 75.8%/83.8% of the fabor force is engaged in agriculture, as opposed to
5.39/2.9% in manufacturing and 12.9%/9.0% in service sectors.

District Agricullure Service Production Sales Worker
ﬁ:ﬁ" ) Worker |  Worker Worker and Others
LT 105,493 17,949 1,377 83
CHITWAN 758% 129% 5.3% 6%
AR . 145,290 15,669 514 7,292
NAWALPARASI 83.8% 90% 300 420
10 Districts (where 1,123,328 215,393 73,937 107522
M/P rivess flow) 73.9% 142% 4.9% 7%

Sotrce: Population Census 1991, Central Bureau of Stalistics

Crop Area and Productively of Agriculture Crop: Chitwan and Nawalparasi districts
produce a wide sange of crops, with major crops of paddy, maize, wheat, pulse, and
oilseed. These major crops but wheat, pulsc and oilseed are grown during the monsoon.
Although therc are also wintee paddy and maize, most of the paddy and maize arc
grown in summer.
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unit: hectare. (mettic ton/ha.}

[)igh-_i(;( Paddy Maire Wheat Pu_lies Sugarcane Viegelables
R 35000 | 27027 | 900 | T 10 B
CHEWAN ey | ooy | (110 (27.00)
AT DA AR 46,1001 7,700 ] 19000 - 2,100 950
10 Districts {where 337671 145459 174589 98536 102720 17331 11930
M/P rivers low) (27.79) (18.14) (19) (49 (792) | (233.06) (52.38)

Source: Annual Agricultural Development Pragramme 1995/96, District

(2) Land Holding

Land Ownership & Ilolding: In Chitwan/Nawalparasi districts, the average land
holding 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 Act.
More than 90% of the agricultural tand is under owner-cultivation. With regard to the

agricultural land under “formal” tenancy, the most dominant form is sharccropping.

Disteict Owner-Cultivated (%) Averape Holding Size (ha.)

B 1931/82 | 1931/92 198182 1991/92
CHITWAN 910 93.4 1.67 - Q80
NAWALPARASI 98.1 94.7 145 L1 i
Terai 9).8 876 1.47 122

Tenure Arrangements: However, that since informal arrangements of land tenancy are

not recorded in the official census, the above figure of owner-cullivation should be

treated with caution. Underlying the sharecropping category is a commonly known
phenomenon of “dual ownership”. To undertake flood mitigation works for land under
“dual ownership”, it will be imperative to involve both land owners and tenants, both of

whom are entitled to certain shares of the proceeds of the land.

District L Tenure Arcangemend — 1991/92 (%)
. Fixed Rent _Share Crop Others
CHITWAN 153 69 771.8
NAWALPARAS! 145 664 19.1
Terai 306 62.7 6.7

Sonrce: Nepat Sample Census of Agriculiure 1991/92, Department of Agriculture

(3) Population

From nation-wide viewpoint, in-migfation in the cast is approaching to zero, as new

lands available for cultivation are being closed. On the other hand, the weslern districls

continuc 1o ¢xhibit high population growth, since the land frontiezs are relatively open.

In a similar vein, the original inhabitants of the "Terai conslitute ncasly or more than half
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the population towards the west, while the proportion of indigenous groups makes up
less than half in most of the eastern districts.

Poputation of Chitwan and Nawalparasi districts is 354,000 and 436,000 as of 1991
with population growth rates of 3.1% and 3.4% (1981-1991) respectively.  The
population growth ratios have gradually been declining since 1970s, just as the nationat
average. The current pace of population growth rates arc slightly higher than the
national average, i.c., 2.3% (1981-1991).

Demographic Records of Flood-Prone VDCs: ‘the following table shows the
population trends of the VDCs affected by Narayani floods. The 1981-91 population
growth rate of the affected VDCs is 6.3%. This indicates that the population pressure is
higher in the flood-risk VDCs, than other localities in Chitwan/ Nawalparasi dislricts.

District. ~ |[VDC 1971 1981 1991 1996
Chitwan Divyanagar - 6,662 7,001 3,160
Gunjnagar N 5,190 5,701 11,067 12,909
Mangalpur 6,502 10,480| 13,488 15,720
Meghauli 6,987 9,374 12,363 14,401
Nawal Parsauni 2,335 - 4,709 5,579
Parasi Pithauti 3,044 7,073 5,957 7,058
Kumarvatti - - 4,155 4,923
Rajahar - - 7,839 - 9,288
Koluwa 4,583 7,542 6,292 7,455
iEﬂumd pur - - 7,631 9,041
Narayani - - 7,234 8,571
Total 28,641 47,432 87,736 103,105

Source: Population Census 1991, Central Bureau of Stalislics
Nepal District Profile 1997, National search 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 easlein areas of the country
receive, in general, higher performance, and become lower toward the west. Whil the
HDI1 of Chitwan district is one of the highest (16™ of all 75 districts), the HDI of the
neighboring Nawalparasi district is ranked among the lower strala (S1* among all 75
districis).
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1.5 River and Basin Conditions
1.5.1 Principal Basin Features

The Narayani river basin extends from 27°15°N to 29°15'N and from 83°C0E to
85°45°E. 'The Narayaai river originates in the Higher Himatayan zone. The siver is
classificd as a class I river. Administratively the inner Terai of the Narayani river falls
under Chitwan district of Central Development Region (feft bank) and Nawalparasi
distiict of Western Development Region (right bank).

Basin atea of the Narayani siver is 35,780 km’ in tota), consisting of 35,075 km’ of
mountainous basin and 705 km’ of plain area. General basin maps of the Narayani river
is shown in Fig. AL.8. Topographic maps of 1/50,000 wesc uscd to prepare overall
basin maps. The basin map of the inner Terai was prepared based on the topographic
maps of scale 1/25,000 (Fastern Nepal topographic mapping scries and Lumbini zone
mapping seties). Boundarics of the river basin and sub-basins were drawn on the basin
map. Basin boundary in the inner Terai was delincated in consideration of existing

drainage channels, irrigation canals, road networks and other ground objects.
Notable features of the Narayani river basin are as follows:

1) The Narayani river forms a valley called inner Terai in the downstream arca from
E-W Highway bridge, having narrow gorge in the lower end near Indtan border

2) River is braided in the plain area and has islands in the river arca.

3) Major tributaries in the inner Terai are the East Rapli and Rewa rivers.
Numerous tributaries from the Siwalik hills flow into the Narayani.

4) At the gorge section, Narayani barrage was constructed and managed by India.
Nepal Gandak Western Canal Project is operated for the lower areas of the gorge
getling water from the barrage.

5) Bharatpur city is located in the riverine arca neas the outlet from the mountainous

basin.

1.5.2 Characteristics of River Channel

Channel slope and width of the existing river are shown in Fig. AL1.9 for the plain
rcaches. These were prepated based on the topographic map of scale 1/25,000, since
river survey resulls were not available. In order to obtain the river profile, spot
elevation data on the topographic map were used and the river width was measurced on
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the map at the intervals of 1 km atong the river. The river width includes pereanial siver
sections and sandbars of the meandering and braided river seclion.

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

NaayaniR. | 83.0(80.6) | 1/720~1/1560 |  400~2500

P River ] Class Length(km) Stope Widih(m)

Note: River length in () indicates that downstream from E-W Highway

1.5.3 River Course Shifting

It is genceally said that rivers in the Terai plain have tendency to shift westwards. If it is
truc the existing talweg might take closer to west or right sidc bank as a whole. To
confirm this hypothesis, the location of talweg in the siver section was measured at
every | km and shown in the Fig. A1.9. The clear tendency of westward shifling was
not seen.

In otder to look into the actual shifting of river coutse in the past, topographic maps
prepared in 1953/54 (scale: 1/50,000) and those in 1992 (scale: 1/25,00) were
superimposed and shown in Fig. A1.10.

According to the figure showing river course change during the past 38 years, the
following features are considered:

1) Meander of river channel is not sever for the main Narayani river and the shifling
of river course scems to remain within the meander belt,

2) Meandering of the East Rapti and Rewa rivers is rather severe and the river
course shifting is large.

1.5.4 Riverhed Materials

The Study Team investigated rivesbed materials along the plain reaches of the river.
The investigation includes the following outdoor and indoor works:

1) Sampling of river bed materials at sitc

2} Grain size analysis al site ficld and in laboratory

3) Specific gravity test in laboratory
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Bed materials of the Narayani river were sampled at 23 sites (Fig. Al.11) among which
outdoor analyses were carricd out at 20 sites. Results of sivesbed material tests are
shown in Table AL.3 and the giading curves in Iig. Al.12

Principal features of the riverbed materials are summarized below. In the descriptions
below, Ul denotes uniformity index defined as a ratio of d;, to d,¢, SG stands for specific
gravity, and classification of grain size is principally based on classification by AGU.

1) Samples: Riverbed materials were sampled from the main course of the
Narayani river except for the following:
*  Anabranch of Narayani R: Na-9, Na-9A, Na-13, Na-14
- *  FEast Rapti R: Na-11, Na-16, Na-17
*  Tributaries: Na-1, Na-3, Na-4, Na-8
2} Grain size:
*  Main river: dgy = 7.39 to 77.96 mm (distribute in wide range from fine
gravel Lo small cobbles) cxcept Na-2
*  Right anabranch: d,, = 0.10 to 5.93 mm {very fine sand to finc gravel)
*  LB.Rapti R: d,= 24.36 to 47.91 mm (coarse to very coarse gravel)
*  Tributaries from Siwatik hill: d,,= 20.27 to 39.70 mm {coarsc gravel}
3) Uniformity index: All samples distribute in wide range UI>38 except for
anabranch samples and Na-21.
4) Specific gravity
*  SG =2.65 g/cc on average ranging from 2,60 to 2.70 gfce
5} Longitudinal distribution: Significant change in grain sizes is not clear.

Based on the investigation result, grain size distribution along the river is shown in the
Fig. AL.9.

1.5.5 Land Use

Land utilization map and land capability map (scale: 1/50,000) are available. These
maps have been prepared by Topographic Suirvey Section of Survey Department under

the Canadian assistance progran.

Mapping dctails are based on aesial photos taken in 1978 and 1979 and extensive field
truthing and sampling during the year 1980 and 1981. ‘The maps were published in
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1982.

Existing land usc of the plain area is shown in Fig. AL.13 based on the land utilization
map. These maps were prepared rearranging the classifications into five categories, i.c.,
(1) rice field, (2} diversificd cropland, (3) grazing land, (4) forest, and (5) settlement.

Land capability map is also available, which shows the land capability for agricultural
development 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 Exisling Basin Development Projects and Plans
{1) Gandaki Irrigation Project

'The Gandaki barsage is located at the outlet of narrow gorge of inner Terai plain, and
service arca cavers western lands of the Narayani siver. Therefore the project area is
Yocated outside of the flood prone area for the Study.

{2) Other Waler Resources Development Projects

‘There exist nine major hydropower plants over the country of Nepal. Out of these 6
plants (136.5 MW in total} are located in the Narayani river, while others are in the
Sunkosi and Bagmati rivers as listed below-(Fig. Al.14).

Plant Proposed capacity {MW) River
Panauti 24 Sunkosi R.
Trisuli 210 Narayani R./Trisuli R,
Sunkosi 10.0 Sunkost R.
Gandak 15.0 Narayani R.
Kulekhani No.1 60.0 Bagmati R.
Devighat 14.1 Narayani R.fFrisuli R.
Kulekhani No.2 320 Bagmati R.
Martsyangdi 69.0 Narayani R./Marsyangdi R.
Andi Khola (BPC) 5.1 Narayani R./Katigandaki R.
Jhimruk {BPC) 12.3 Narayani R./Kaligandaki R.
Total N 240.9

NEA has conducted Phase-1 study of Medium Hydropower Study Project with an aid of
Canadian International Water and Eneigy Consultants. The medium hydropower is
defined as those ranging 10 to 300 MW. In this study, a totat of {38 sites were
inventoried. ‘Through the several stages of screening, 7 priority sites were selected as
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follows:
Plant Installed capacity (MW) River
Upper Karnali (KR-1A) 240 Karnalt R.
Dudh Koshi (DD-1) 134 Sunkosi R.
Kabeli A (KB-A) 35 -
Likhu Khola (LK-4) 34 Kamala R.
Rahughat Khola (RH-0) 24 Narayani R.
Budhi Ganga (BG-0) 22 ' Kamnali R.
Tamur (TM-3) , 12 - ]

1.6 Vegetation in Watershed Area

General features of vegetation in the watershed area are presceated here. Sediment yield
from the watershed was not estimated for the Narayani river, since the watershed area is
large and the sediment yield in the watershed does not directly affect the sediment flows
in the plain area. Most of the sediments in the plain arca are sccondary or teriiary
sediment deposit transported by river flows.

Watershed of the Narayani river is classified as the climate and vegetation divisions of
Terai and Outer Himalaya, Middle Mountain, Himalaya Inncr Valleys and Alpine
Deserts.

(1) Terai and Quter 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 hills to the Indian border.
The climate of this area belongs to the monsoon subttopical zone, and the diy scason is
from Oclober to May with the rainy season from June to September. The Terai plain
was covered widely by Sat forests (Shorea robusta). But, recently farmers from Middle
Mountains clcarcd the forests rapidly for agricul{ural land and villages.

The Siwalik hills werc formed by ﬁpheaval of sediment bed carried from Himalaya.

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

{2) Middle Mountain

The Middle Mountain is the area of 1000 to 2500 m,MSL bclween the Mahabharat and

High Himalaya mountain. The Middle Mountain is the central place of Himalayan
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mountain residents. In the castern and centeal pant of the Middle Mountain, population
is large and forest changed to cultivated lands and residential areas.

Lasge forest area shall remain in the western part of the country where population is
sparse. Generally the forests are left in the areas such as (1) steep slope arca which is
hard to approach, (2) community forest managed by village, (3} forest with small shrine
of native belicl, and (4) northern stope which is not suitable for agriculture.

Vegetation changes according to the changes of clevation. Sal forest continues from the
Terai plain up to 1000 to 1200 m,MSL, followed by laurel forest from 1000 to 2500
m,MSL. These vegetation zones are recognized throughout the Middic Mountain, and
forest species changes from humid type in eastera part to dry type in westem part.

{3) Himalaya Inner Valleys

Himalaya {nner Valley is located in the main sidges of High Himalayas. Because the
Middle Mountain interrupts monsoon from the south, rainfall in this area is less than
that in the Middle Mountain area.

The area forms Alpine zonc of clevalion ranging from 3800 to 5500 m,MSL.. Forest of
Himalaya Inner Valley are formed Abies spectabilis forest (3000 to 3800 m,MSL),
Betula utilis forest (3700 to 3800 m,MSL) and the high mountain scrub (3800 to 3900
m,MSL).

(4) Alpine Descrts

Annapusa and Dhaulagiri mountains interrupt monscon from south, and make the
southern mountain areas rainy with annual rainfall amounting to 5000 mm. On the
other hand, the northesn niountain area ranging from 3000 to 5000 m,MSL is arid with
annual precipitation of 500 mm or less.

Plants which grow scaitering in this zonc are Genus Caragana, Genus Nepeta, Genus
fphedra , Rosa sericea and Artemisia gmelinii. Vegelation of arid zone also has variely

of plants as in Tibet Highland, Central Asia and Iran-Turan 1cgion.

1.7 Past Flood and Sediment Disasters

The Study Team investigated conditions of past flood and sediment disasters in Januvary
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1998. On the basis of the information obtaincd from the District Irrigation offices and
District Development Commitle offices, a total of 11 VDC/Municipality offices were
sclected for the investigation. Furthermore, a total of 101 residents in the flood prone
arcas were sclected for the interview using questionnaire form.

Questionnaires to the residents are summarized in Table Al4. In recent 19 years, the
Narayani siver experienced big floods in 1988, 1993 and 1995. DBank erosion
scdimentation and flooding over farmiand are the major types of disasters.  Among
these, bank erosion is the most serious problem. Frequent flooding occurs in the low-
lying fands on the right bank in the lower reaches from the East Rapti rivers junction.

According to the data and information obtained from DDC and DIO of Chitwan and
Nawal Parasi districts, areas suffering from bank crosion and flooding are summarized

as shown below,

{Areas Suffering from Bank Erosion and Flooding)

vVDC | Village/Ward

{Nawal Parasi)

Mukundpur Pitauji

Rajahar Bote Tole, Kujauli (Tallo), Kujauli (Mathillo), Kotetadi

Pithauli Rudauli, Gairi

Kunmarvarli Amaltari

Kolhuwa Kothuwa (No.4), Nandpur, Ratanpur, Bharmsthan

Narayani Dhajaha, Sitapur, Sehari, Bhandara

Parsauni Somara, Parsauni (No.3), Kulcuita, Tole, Buduwa

Naya Vchani Tamaspur (No.1, No.2)

(Chitwan)

Mangalpur Bharampur, Jhanjhan,

Gunjanagar Gajipur, Gobareni

Divyanagar Hirapur, Koila, Padariya, Sishait, Bhagedi

Meghauli Bardaha, Parsabazar, Loukute, Sisabash, Jogitole, Bhatatpur,
Salbash, Pahadi, Jitpur, Baluwa, Dadreni, Pipara, Pathreni,
Bancalla

Loss of tifc and damage to properties are shown in Table ALS, mainly bascd on data
during 1993-flood. According to 1he ficld investigation and interviews of residents,
flood-suffering arcas during the 1993-flood are shown in Fig. AL.15.
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1.8 Flood Mitigation Aclivilies
1.8.1 Existing River Facilitics

According to the result of investigation conducted by the Study Team in Januasy 1998,
major river facilities of the Lakhandei river arc as follows:

1) Embankment: none
2) Spur : 65 sites
3} Revetment : 4 sites
4) Head work : none
5) Bridge : 1 site

Localion of these facilitics is shown in Fig. A1.16. As scen in the above, spur (groin)
works share by far the majority of the facilities followed by revetment works. Almost
all the spur and revetment works are made of gabion by boulder and galvanized iron
(G.L.) wire net.

The existing facitities are located sporadically along the river course. Some of these
spur and revetment works are damaged alteady probably due to inappropriate fool
protection. In some sites single spur was scen, though the spur works can function
effectively, in general, when they are installed as a scries. The types of existing spur or
bank protection works are monotonous. Varicty of works should be introduced taking
account the river condition and availability of materials. Photos of typical river
facililics are shown in Fig. Al1.17.

§.8.2 Policy Framework

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

1) Approach to the Ninth Plan (1997-2002)

2) National Action Plan on Disaster Management
3) Diaft Flood Mitigation Policy

4)  Watershed Development Policy
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1.8.3 Organizations Involved in Flood Mitigation

The Department of lrrigation {DOI) is wesponsible for flood mitigation in the
downstream areas. Al the same time, thete are other agencies that can make significant
cantributions to the implementation of flood mitigation project, both within and outside
the central Government.

The Water-induced Disaster Prevention Technical Center (DPTC) has developed
technologics and methodotogies which can be applied to the project.

The Decpartment of Soil Conscrvation 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 target areas.

As indicated by the expericnce of the efforts for small-scale infrastructure development
by the Minisity of Local Development (MLD), the local governing institutions {1.GIs)
can play a significant role in facilitating communily mobilization and also in
coosdinating different organizations opcrating in their own jurisdictions. There exists
an NGO-led disaster preparedness network (DPNET), an assoctation of organizations
concerned with community-based disaster management can parlicipate in implementing
community development components of the floed mitigation project.
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1IST OF METEOROLOGICAL STATIONS

Table Al.1 (113)

S!:::ﬂ Stativn Name Type of Station § Reg :‘?ML:';E 5 l::;agllfée. Elt(“:‘;on Z’:;:: Remarks
| 0601 Jomsom Climatology Wi 2 471 00| 83} 431 00] 2,741 01-1957|Narayani
__0604] 1 hakmarpha Agromatectogy | W} 28 45) 00 83; 420 00f 2,566 | 12-1966]|Narayant
0605 Baglung Climatology w288 16 00f 83! 36 0 984 | 05-1969|Marayani
[ 0606} Tatopani Peccipitation w | 28:29) 00 83 39 0] 1243 | 05-1969|Narayani
| 060NLete Precipitation w | 28 33 oo] 83! 36! 00 23841 05-1969|Narayani
0608 Ranipaawa (M Nath) Precipitation wo| 281 49 00) 83| 53 00y 3609 | 05-1969|Narayani
0509 Beni Bazar Climatology W | 281 21! 00] 83| 34 00 B35 | Q2-19581Naiayant
0610 Ghami (Mustang) Precipitation w 291 03 00] 83} 53] OO 3463 11-1972INarayani
061 2{Mustang (Lemangtang) Climatolepy w | 291 1l o0} 83] 58 00 3,705 | 09-1923|Narayani
D613 [Karki Nota Precipitation W I 28| 11§ 00| B3} 45| 00) 1,720] 02-1971]Narayani
0611 [Kushma Climatology Wy 28 13 00] 83] 42i 00 891 | 05-1969]Narayani
(615 fBobang Precipitation W | 28| 24| oG] B3] 06! 00] 2213 F 12-1977]Narayani
05161Gurja Khani Precipitation Wl 28t 35! o0 831 13] 06 2,530 0 12-1978[Narayani i
0619jGhorapant Precipitation W 281 241 co] s3] 44! 0o 2,742 | 03-1975[Narayani
| B620| Taibeni Precipitation W | 23; 02 00] 83| 39 00 *[Narayani
0621 Basbang Precipitation W | 28] 23] 00f 83} 24] OO !
0622|Ranzhhani [Precipitation W | 28] 0%, 00] 83] 34 00 !
| O701|Ridi Bazar Precipitalion W | 27 571 00} 83) 26] 00 412 | 07-1956|Narayani
___ 0102 ¥ansen Ctimatology WY 27 52 0] 83] 32| o0 1,067 | 07-1936]Tinaw
0703 |Butwat Climatology w ok 27 421 0] 83] 28| OO 205 | 02-1936{Tinay
0704 Beluwa {Girn ari) Precipttation W 3 270 41 00 83, 03] 00 §50 ] 02-§957|Narayani
07053 Bhairhawa Airpoit Agronkieology Wl 271 311 00 83 26, 00 W | 09-1966]Tinau
G706] Bunkauli Agrometeology Wl 27 41] 00| B4 131 &0 154 ] 10-1965]Naray ani
0707 Bhairhawa (Agsic) Agromeivology Wl 27; 32 00 83 281 OO 120 | 01-1968| Tinae
0708] Parasi Precipitation W | 27i 32| 00| B3 40, OO i25 | 05-197
0710] Dumkibas Precipilation Wo| 27! 35 00| 83 52 OO0 164 § 05-1970|Narayani
0715 Khanchikot C limatolopy W | 27i 56 00 83 09 00 1,760 § 11-1970|Narayani
0716] Taultibana Climatelogy w | 27i 331 00 83 04! 00 4] 11-1970
0721 |Pattharkot (West) Precipitation W | 27) 46: €0 B3} 03 ¢ 200 | 03-1973
0722 Musikot Precipitation W | 288 10; ¢0] 83} 16 00 3,280 | 06-1956|Narayani
0723 Bhagwanpur Precipitation w | 27: a1i ©0] B2} 48' 00 20| 01-1975
(07224]Paklihawna Precipitation w | 271 19, 00} 83| 27/ 0O 100 | 01-1979
0725 Famphas Chimatology W i 28! 01 00] 83} 15 00 1,530 | 11-1979]Narayani
0726|Gagzarkot Prccipitation W 1 27 521 00 83| 48] 00 500 | 11-1979)Narayani
0727 |1Lumbini Precipitation w | 27 28! 00| B3] 17 GO 95 | 10-1980) ¥inau
0328]Simari Chimatology w | 271 321 oo] 831 45] 00 154 | 04-198f)Narayani
0801 |Jagat 1Setibas) Precipitation w | 28! 20, o0] 84] S54) 00 1334 | 07-1957{Narayani
(802 {Khudi Bazar Chmatelogy w | 28t 17! oo] 84] 22} 00 823 | 07-1957) Narayani
0803 |Pokhara (Hospital) Precipitalion wo| 28! 14! 00| 84f 06 0D 866 | 06-1956]Narayani
(804 ] Pokhara Airpont Apronxieology | W | 280 131 00] 84] 00; 00 827 | 10-1955]Narayani
(805]Syangja Climatology w | 281 06 00] 83] 53| 00 868 11-1972|MNarayani
0806 ]Larke Sando Peccipitation w | 28: 40 00] 84] 31! o0] 3650 ] 06-1978]Narayani
0867|Kunchha Precipitation w | 281 08 00} 84! 2} 00 855 | 06-1956|MNarayani
0868 | Bandipur Precipitation W ] 27 56t 00] 84} 25] 00 965 | 06-1956[Narayani
0809]Gorkha Agiometeoiopy w | 280 60’ Q0] 83f 37] 00 1,097 | 06-1956|Narayani
0810]Chapkat Climatology W 1 27: 53 00] 83| 49, 00 460 | 02-1957{Narayani
(811 {Malepatan (Pokhara) Agrometeology w1 13 00] 83! 57] 00 £56 | O4-1966[Narayani
08 13| i3hadaure Dueurali Precipitation W | 28 16 00| 23] 49, 00 1,600 | 05-1969Narayani
08E4|l.umk Agromowcology | W | 281 18 00| 83] 48| 00 1,730 | 11-196%|Narayani
03 15[Khairini Tar Aprometeotogy | W | 28: 02} 06| 84 06! 00 S60 | 03-1969|Narayani
0816 {Chame |Climatology w | 28] 337 o] 811 14! 00] 2680 | 07-1974|Narayani
0817 Damavli Precipitation W 27 58 09] 1] 17 OO 358 | 01-1974)Narayani
08§81 amachaur Precipitation w | 28 16! 00 83 53 00 1.070 } 01-1972|Narayani
0820 Manang Bhot Precipitation W | 28 40 00) 84| O1i 0D 3,420) 06-1975
0821{Ghandruk |Precipitation w | 28 231 00 83| 45. 0D 1,960 § 05-1976)Narayani
| 0822]Khuldi Precipitation w 28" 26" 00] 83! 50" 00] 24101 05-i9M)
0823 [Gharcdhunga Peecipitation W | 28 12! Do) BY] 370 00 §,120 ] 07-1976)Narayani
G324} 51k esh Precipitation W 28 22 00 83 06 00 1,820 | ©6-1971|Narayani
(325 Bepaas Tal Precipitation W | 28 120 00] 84| 06; 0D 900 | 07-1931
0826|Walling Precipitation w | 27 59 o0) 831 46° 00 750 '
0827 | Rumjakot Precipitation W | 27, 32 00) 8§ 08, @0 660 ‘
0902 |Rampur Agromeicology c | 27 37 00| s3] 257 00 256 | OL-1967[Narayani
| 0903 ) Ihavani Precipialion C 2735 oo] 83! 32’ 00 220 | 02-1957[Naravani
(904 {Chisapani Gadhi Precipitation c | 27 33 o0] 85 08 ©0 1,706 | 05-1956[Naravani
(905 | Danian Climatology LN 37. 36 00] 8S. 05 00 231 | 091965 Narayani
0206 Hctaunda N ¥ .1 Climatology C 27 25 00] 83 03 00 43| 08-1966|Narayani
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g:,tomn Station Name Type of Statioa | Rep. I,'Tmu,‘gk . l': "g“:';de . Elc(\“e:;mn ;‘:::; Remarks
5907] Amlehhgan) Previpitation C | 2217 0o] 85 00 00 396 | 06-1955
0903 Simara Atrport Agroprtechogy C | 22 1w o] 84 39 00 130 ] 09-1965
0910|Nijeadh Precipitation ¢ | 27 17 co] 85. 10, 00 214 | 06-1955
0911 {Parsanipor Agcometectogy | € | 27; o] oo] 84! S8 00 5] 01-1967
0912|Ramoli Bairya Precipitation Cc | 22 01} 0o] 85 23] 00 15| 01-1936
0915|Karkhy Gaun Precipitation C | 27, 31 06 851 090 00] 1,530 12-1971

| 0817[Hztaunda (Ind Dis) Previpitation C | 27 26! 00] 85! 0. 00 466 | 01-1974iNarayani
0918[Birgunj Precipitation C gé_g_oﬂ_ 00] 81 52! 00 91| 02-1974
0 | Makwanpue Gadhi Precipitation C | 2% 25] bO] 8§5] 10, 00 1,030 | 12-1974}Narayani
0520 Betuna Precipitation C |27 10] 00] 84] 45] 00 2714 | 12-1974)Naray ani
0921 Kalaiya Precipitation C | 2% o2l o0] 85 00 00 40| 02-1976
0922|Gaur Climatology C | 26! 46! 00] 851 18 0 20| 03-1983
1001 | Tinwre [Precipitation C | 28 17i 00} 831 26! 0O 1.900 | 06-1957|Narayani
10021 Aru Ghat D Bazar [Precipitation C | 28 03 00] 84 49, 00 518 | 06-1957}Narayani
1003 ] Trishuli Precipitation C | 27 551 o0] 85, 09, 00 535 | 12-1955|MNarayani
1004 Nuw akel Climatology C | 270 55! o] 85 10, co] 1,003 ]| 05-1956
1005] Dhading Precipitation C | 27 525 00] 84! 56! 00]  1,420] 05-1956]Harayani
1006 Gumihang Precipitation C | 27 sxi o] 85! 530 00| 2000 072-1947
100FKzkani Agronkteology C | 27 18] 00] 35! t5; 00] 2064 01-1962Narayani
1003 [ Nawalpur Precipitation C | 27 48] 00] 85, 37i 00] 1,592 06-1959
1009 Chautara |Precipitation C | 27i 471 00f 85 43 00| 16801 07-1947
1011 | Kathmandu (US AID) Precipitation C | 27 42! 60| 85! 20; 00] 1,335 01-1954
1012} Sundarijal {Pur.House) Precipitation C | 270 45 00] 85: 25! 00| 1,364 05-1940
101 3} Sundarijal {Water Res.) Precipitation C 270 47, 00| 85! 26! OO 1576 05-1940
L0 3[K ethmanda (1L E) Piecipitation C | 27 441 00] 851 20. 00] 1,324 01-192¢
101 5| Thanket Precigitation C | 27 41 00] 85 12: 00] 1,630 ] 09-19¢6
101 6] Sarmathang Climatology C | 22 57: 00] 85: 36 00] 246253 1i-1970
101 7} Dubachaur Precipitation C | 27 s2i 00| 85 34: o0] 15501 11-1970
{018 Bavncpati Precipitation C 27 4% 09| 85: M 00 8453 1i-1970
1020|Mandan Precipitalion C | 271 42: 60] 85 39 00 1,365 07-19407
1022)Gedasari Chmatology C | 27 35i c0f 850 240 00] 1.400] 05-1952
10231 Dotal Ghat Precipitation C | 271 38 ©o] 85: 43 00 0 071947
1024{Dhulibhel Climatology C | 27 37i 00| 85 33F 00] 13527 06-1947
1025] Dhap Precipitation C | 27 55 00| 85: 38 - Q0] 1,240% 12-1976
1927]Bahrabise Precipiation C | 27 42, 00] 85 541 00]  1.220% 12-1963
1028 |Pachuw ar Ghat Precipitation C | 27 34 o0] 85 457 00 6331 01-1966
1029 Khumalsar Agronkteoiogy C | 27 40: 00| 85. 20, 0O 13S0 05-1967
1036) Kathmandu Airport Agremetealogy C 27| 42! 00| 85! 22, 00 1336 | 061942
1035]Sankhu Precigitation C | 27 45, 0] 85! 29. 00 1419} 031970
1036]Panchkhal Agremeteolegy | € | 271 41§ 00] 85! 38° 00 2651 §1-1970
1038 Dhunibesi Climatotopy C | 270 43 o0] 85 w#! 00| 1,085 ] 04-1971|Marayani
1039 Panipokari (Kathmandu}  {Climatology C | 27] 41 00] B3 2t QO 1,335] 011971
1043 Naparkot Climatology C | 27 421 00] 85 30 op] 2,183 ] 05-1974
1042{Fharping Precipitation C | 27 37: 00] 85' 18' 00] 1,500] 05-1978
1049] Khopasi (Papauti) Precipitation c | 27 3si 00| 85 31 00] 1s07]| 06-1978
1052 { Bhaktapus Precipitation C | 27 44 o0] 85 25, @0 1,330 | 05-192)
1054} Thamachit Precipitation C | 28 10. 00] 85' 19, 00] 3,347 | 11-1971[Narayani
1055 Dhunche Climatolopy C | 28 06’ 00] 85 18 00 3,982 11-1971[Narayani
1056 Tokha Precipitation C | 27 48 c©0] 85 26' ©0] £390| 12-1972
1057 |Pansayakhola Climatolopy C 28 01, 00f 85 07. 00 §£.240] 01-1973
1058 ) Tarka Ghyang Precipilation c | 2 o0 001 B5' 33 00| 2480 O1-19M
1059{Changy Narayan Precipiation C | 27/ 45. 00) 85! 25, 60 3,543 | 65-19M
1060 [Chapa Gaun Precipitation C | 27 36 00] 85 20, GO} £448) 10-1975
1061 [Lubhu Precipitation C | 27 39 00] 85 23 00 31| 11-1975
1062 |Sangachok Climatolegy C | 27 42: 0O} 83 43, 0 1321 | 05-1979
10631 hokarpa Precipilation C | 270 42; DO] 85, 42 00 4,750 07-1979
1071 |Buddhanilakantha Chmatology C i ;00 i C 0 $,360 ¢
1072|Faigutang Climatology C | 28 13 00f 85 11 00] 409 N
1103 [Nagdaha Precipitation C | 27 41! 00] 86, 06 OO 830 01-1977
1102]Charikot Precipilation C | 27 40. 00] 86° 03 00| 1940% 06-1959
11033 Agrometeotogy | € | 27: 380 00] 86 140 00] 2003 | 03-1961
1104 Melung Precigitation C 27 31 o] 860 03 00 1,536 | 06-1959
1106 ]|Ramecthap Pregipitation C | 2719, 00] 86 05 00 1395 ] 04-1918
1107|Sindhuli Gadhi Chmatology Cl 27 17 00f 85 58 1463 | 06-1935
1108{B3ahun Teipung Precipitation C 1 27 11 o3 8. 10 00] 1417] 05-1938
”El‘ili'a{ihafkol(fas!) Precigtation C 27 0% 00l 85 40 001 235 ] 061-1936]1 akhandchi
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S!;:én- Station Name Type of Station | Reg. t?muf.k- . E::\ngﬂ::&. - Elczna‘l)non ‘;‘:::_:; Remarks

1110 Fulsi Precipitation C 27, 02 00] 85} 53] o¢ 4573 12-1555

L1 11} Janakpur Airpart Climatelogy ¢ | 26" 431 oo] 85 38! o0 901 06-1968

1112 Chisapani Bazar Precipitation C 261 551 00 86! 0. 00 165 | 07-1955 |
1) 14 {Hardinath Precipitation C [ 26" 187 o0 857 59! 00 93| 11-1968

1115 Nepal Thok Precipitation C 27) 21F 00] 85] 49, 00 1098 | 041918

VEL6]HTanharpur Gadhi Precipitation C § 270 200 00| 85] 30! 0 880 | 961955

ti17|Hariharpur Gadhi Yalley  [Precipitation C | 27} 20; 00] 85 30. 00 2508 03-1918

§118}Manusmara IClim:ﬂO!Og)‘ C 26, 531 00| 85 25 OO 100] 02-192% |
E119;Gausata Precipitation ¢ | 26% s3j oo] 85t 42 00 00| 02-1919

1120 Malangwa Precipitation € | 267 52| oo] 85! 31! oo 150 | 03-1983]Lakhandchi
1121{Karmaiya Climatology C | 27, 01t 00} 85! 28 00 131 ] 08-]1983

1122 Nalesore Chmatology C 26, 3%, 00f 85] 47; 00 03-1989

(Note) Reg. W: Western and C: Ceatral Region (A the stations of these region are tisted.)
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GRAIDING OF RIVERBED MATERIALS

Table ALZ3

— Cumulative pesvenlage of passing materials (%)

Sample[ <0073 <0 106] <025 [ <0425} <085] <2 J<875] <95 | <19 | <265] «375] <53 | <100 | <200 | <100
code | fmen) § (num) | (mew) | feem) | (o) | (mm) § (em) | {mm) | (num) | (o) | (mm) § (num) | (mm} | (mm) | (mm)
GOISJ0I06] 02507 04251 0550) 200 § 475 | 950 ] 1920 { 265 | 325§ 530 ] 100.0] 2000 4000
Narayandi River o .
MNi-t | 08 1.2 76 133 170 20 281 M3 | N9 96 S85 75| 734 1000 1000
Na-3 | 08 17 76 133 170 221 8.7 M3 | 419 196 585 675 | 784 1000 10O
Nz-2| 24 43 303 538 617 628 649 670 709 73§ E0O3 576 | 1000 1000 1000
Na-3 | 04 09 64 145 259 139 393 462 | 569 643 726 825 | 959 1000 1000
Na-4 | 04 10 58 112 156 21 310 385 | 510 576 664 2729 | 922 1000 1000
Nz-5| 14 24 58 95 125 B37 173 234 | M8 369 435 482 | 676 1000 1000
Na6| 38 49 76 94 143 200 278 324|525 692 820 3884 914 1000 1000
N:-7]| 05 07 £ 85 230 258 287 3r& | 389 444 521 585 | 506 1000 1030
Nag| 03 06 29 53 107 226 M8 429 582 674 780 8557|1006 1000 1000
Na9| 465 606 946 937 995 929 1000 1000] 1000 1000 1000 (00.0| 1000 1000 1000
Ni-9A| 343 508 770 550 916 %69 92.7 1000|1000 JOOO 1000 1000 1000 1000 10030
Na-10] 0.7 1.1 +5 142 253 314 327 {48 ]| 569 660 826 93.0 | 1000 1000 1000
Na-31| 46 20 104 132 169 203 242 230 | 2347 461 524 633 | 819 1000 1000
Na-12| 65 08 47 162 320 431 558 624 | 708 757 820 530 | 941 1000 1000
Na-13| 23 43 193 209 421 543 584 633 | 742 772 823 8§67 | 1000 1000 1020
Na-t4] 1.7 46 420 744 914 65 981 992 | 1600 1000 100.0 1000|1000 1000 1030
MNa-15| 2t 25 58 144 255 324 385 456 578 635 680 733 | 8§19 1000 1000
Ni-16] 0.7 13 64 127 213 235 271 332 ] 434 639 385 907 | 1000 1000 1000
Na-i7| 1.8 27 &3 132 236 257 274 300 373 454 553 753 | 1000 1000 {000
Na2-i8| 42 63 180 278 323 353 397 455 | 630 733 814 589 | 1000 1000 1030
Nz-i9| 39 50 100 173 25 365 414 {48 | 555 621 643 679 | 704 1000 1000
Ha-20] 0.9 13 26 64 145 241 358 491 | 663 751 826 896 | 913 1000 1000
Nz2t| 18 24 49 69 80 88 104 135 ] 191 243 317 444 | 727 1000 1000
Na-22] 136 195 296 325 341 356 388 429] 4856 534 610 651 | 597 1000 1000

REPRESENTATIVE GRAIN SIZES AND SPECIFIC GRAVITY

Representative grain size Specific gravity{gtc)

Sample] 16 60 65 2] d3§ | 5.0G.1] S.G.2 }5.Gave
cede | ¢ | (33 | (® | %) | 918 | (miee}] (aeq) | (%)

Narayani River

Na-1] 070 | 39.70 | 4510 115.69]170.45] 261 265 ] 263
HNa-1] 070 | 39.70 | 48.10 | 119.69}170.48] 261 265 § 263
Na-2 | 015 | 073 | 487 | 4468 1259.44] 268 263 | 246
Na-3 | 046 | 2082 27925 5701 [122.71] 268 263 § 264
Na-4 | 059 | 29.15| 2546 | 6435 72.95| 268 270 } 2469
Na-5 | 349 | 77.96] 9134 |142.03] 4065 | 266 265 | 266
Na6 | 010 | 2041 ] 2352 | 4070 | 3794 | 269 270 | 270
Na-7 | 061 | 55.35]6390|01292{185.73] 259 263 | 261
NaS§ 1M | 20271 24304763 35.26] 268 263 | 266
Na-2 | #N/A| 10 | 052 | 019 | #MNA| 265 263 | 264
QA #M/A | 014 | 017 | 040 | RN/A| 263 263 | 266
N2-I0] 047 12126 2551|3929 8306 268 2465 | 267
Bz 1L} ©.72 J 4771 | 56,10 [10337]15L.46] 264 263 | 263
N2-12] 042 739 JLIE79{ 4144 ] 98.55]) 263 265 ] 264
Na2-13| 020 § 393 [ 1E00] 42.80 |206.73] 2.65 268 { 267
Na-19] 014 F OM | 035§ 063 | 437 | 259 263 | 161
Na-35| 047 | 2163 | 29.75108.37|230.41] 268 2565 | 2.67
Na-16| 055 | 2435 | 27.17f 4380 | 79.14} 259 261 | 260
Na-37| 038 [ 4012 | 43,95} 66.30 |176.58¢ 263 259 | 261
Ni-18] 022 | 16.74| 2027 4208 §195.34] 268 263 | 2.66
Na-19| 0.39 | 2388 | 39.99|137.50356.0H 268 270 2469
Na-20] 097 | 1474 18G5 ]| 10.245 4047 265 263 | 2.67
Na-21| 1287 7509 | 84.12|133.23] 1035 | 262 258 | 261
Na-22] 007 | 3582] 52371 863031000.3] 258 261 2.60
Average 2.65
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Table AL.4(1/2)

SUMMARY OF QUESTIONNAIRES BY RIVER

Name of river: NARAYANI RIVER(1/2)

No. I Questionsfitems Summary of answeis
|3, FIOODEVENES oo
1.1 Year af most severe flood in p:lsl 1991(51), 1938¢46), 193%(1)
10 years (nop} e, .
12| Hoods in a year {tinxs) o Average(4) ranging(2 to 9)
y 1.3 Severe floods in past 10 years | Average(3) ranging(2 to 6)
__{ (times) 1.
1.4 (Cancelled) {Cancelled)
L5 Cause of flood (nop) Too much rain(62) Sediment flow(36)
Bank ercsion(48) Others{()
2. E¥FECT DUE TO SEVERE FL.OOD IN PAST
2.1 lossof humantife(nop) | 2({excluding those due to epidemic discase)
22 Loss of livestock/husbandry (ros) Cow(23) »  Buffalo{d)
Sheep/Goat{13) +  Poultsy(134)
23 Damage to farm land (ha) + lerigated land: Average(1.9) ranging(1.0t0 6.2)
*_ Non-irrigated land: Average(1.7) ranging(0.2 10 7.7)
24 Extent of damage lo farm land +  Simple inundalion (nop): 30
+  Laoss of crops {nop):
Paddy(72), Suparcane(1), Matre(52), Othergy(0)
+Total washout (ha): Average(3.1) ranging(0.2 10 11.6)
25 Extent of damage to dwelling and | + Flooding duration (days): Average(6.0) ranging(2 to 12)
asset +  Hooding depth in {m): Average(1.6) ranging{03 to 3.0)
»  Damage to house {nop):
Severe(15), Moderate(21), Oidinan{44)
_ = Loss of cash (Rs): Average(5,000) ranging{0 to 8,600)
+  Loss of food grains {kg):
Paddy: Average(710) ranging(0 to 2,500)
+  Clothing (nos): Average(2) ranging(1 to 4)
o |+ _Other valuables: Averape(2) ranging(d to 2}
26 Problems during Mlood - Erosion of river bank(79}
(nep) = Sediment in the river{66)
+ Sedinvatinirdgation canal{51)
+  Prinking water problem(43)
*  Sanitary problem(28}
* Salinity(0)
Tlooding over farm land(64)
L Othess(1) _ _
27 Epidemic disease alter flood? Yes(38} No(63)
- (nop) —
28 If yes, kind of epidemic disease Chalera(0) Dysentery(35)
(nop) Typhoid{16} Others{0}
2.9 Fatat causality? (nop) 1 Yes(0) No{69)
2.10 | Reason of flocd(nop) = Too much rain{17)
*  lack of flood protection works{93)
+ Weak river training works(()
< Sediment foad in the Nood water(20)
Flood from adjeining rivers{6)
2.11 | Total amount of damage  (Rs) Av era_ggilﬁ(] ,000} ranging(0 to 3,000,000}
{Remarks) nop: Numbee of persons who answer to the item.
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‘Table A1.4(2/2)

SUMMARY OF QUESTIONNAIRES BY RIVER

Name of niver: NARAYANI RIVER(2/2)

No. I Questionsfitems I Summary of answeis
3. FLOOD WARNING SYSTEM
LR (Cancelted) {Cancelled) L e ]
32 Self warning (nop) *  Heavy rain/High flood level{56)
+  Bank erosion(19) Smelled mud(6)
+  Unusval sound(5) Others{0)
33 Warning by others (pop) = Neighborg{0) Institutions{D} Qthers(0}
4. FLOOR RELIEF MEASURES
| 4.1 | Evacvation experience? (nop) © Yes(72) No{2%)
42 If yes, place of evacuation (nop} + High ground(8) Public building{19}
< Others houses(27) Other siteg{14)
43 Being relieved? (nop) * Yes(43) « Noish
44 | If yes, how?(nop) »  Incash(1l) *  Kind(43)
45 Oiganization/individual  giving Cenlral goveinment{(} - DDC(24)
relief (nop) * VDC(8) Cther institutions{4)
o = NGOO) Individuals{31}
4.6 {Cancelled) {Cancelled) L ]

§. PREVEN¥IVE MEASURES AGAINST FLOOD

5.1a | Current preparedness/ rmeasures { « Warning(0} »  Evacuation{}5)
{nop) Settlement(38)
5.1b | Proposed preparedaess! measures YWarning{12) Evacuation(50)
(nop) | settemeniaey
522 | Cunent mon-struclural measures Seed storage{(0) Cash pools(0)
{nop} +  Informal insurance{(}) Others{0)
5.2b | Proposed non-structural measures Sced storage(33) Cash pools(16)
{nop) L Informal insurance(16) + Dthers{0)
53a Cugrent struciural measures {nop) Embankment(0) Spue(13)
Simple pabion(d) Plantalion{0)
. Others(0)
5.3b Proposed structural measures{nop) Embankment(75) Spur{37)
Simple gabion(40) Plantation{0)
L Others{0}
6. PARTICIPATION ACTIVITIES ]
6.1 Experience of Participation in Yes(43) *  No(33)
activities? (nop)
6.2 IF yes, type {(nop) Cash{1) Labor{26) Kind(G)
Care taker(6) Others{8)
63 If no, reason (nop) Being affected badly(13) Financially weak(1}
Being out of the area(2) No willingness(6)
Others(35) _
64 Willing to participate in fotuee? Yes(95) No(0}
wop Ve e
6.5 if yes, type (nop) Cash{6) Labo:(93) +  Kind(0)
+ Caretzker{13) + Others{()
6.6 1f no, reasons (rop) No lime{0)
No benefit(0)
No Witlingness{0)

Not known how to pavticipate(0}

Others{0)}

(Remarks) nop: Number of persons who answec 1o the item.
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Fig. AL.2
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Fig. AL.5(2/2)
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Fig. ALY
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Fig. ALil
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Fig. AL17 (1/2)
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