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APPENDIX VI
WATERSHED MANAGEMENT AND OTHERS -

1. 'WATERSHED MANAGEMENT

1.1 Soil Erosion and Sedimentation

1.1.1 Present Status of the Kosi Basin

The Himalaya Moﬁntains, the world's highest range, is included
within the Kosi Basin. This range is characterized by steep, geologically
young méuntains and nuherous faults and folds caused by tectonic movement
of the earth during ror?cﬁation._ As the area is within the monsoon belt,
there is a distinet di#ision bétween wet and dry seasons. The erosion
caused_ by these natural climatic eondifions is further combiled by
stripping of thé natural vegetation for human activities, which speeds up
tﬁe prdceéses_of-erosion, sedinent runoff, and sedimentation. Pdpulation
increasé in,receht years for example has resulted in a rapid extension of
_cuitivated land. The same has resulted 1n:1néreased outting.of'natunal
forest growth for fuel and increased grazing hhicﬁ have_noticeébly damaged

the natural vegetative cover and environment of this mountain area.

The above conditions are responsible for the recurrihg landslides,
avh}ahehés and soil sediwentation in many spots within the Kosi Basin.
Sediment discharge causéd by ‘erosion in the Himalayan glacial terrain and
vast sediment discharge caused by erosion in the tributaries of the
midland - and the Mahabharat Mountain Range, results in massive soil
sedimentation 1n. the lower reaches of the river, particuiarly during
monsoon season, There are riverbank protection works on both sides of the
lower veaches of the Sapt Kosi River in the Terai Zone, However,
cumulative layers of sedimentation over the years have resultéed in a
rising riverbed {t-2m), particularly on the right embankment, which poses
a serious problem,

According to the studies made by Dr. C. K. Sharma, sedimentation
loads (suspended loads) at the main lower streams of the Kosi River can be
tabulated as presented on the following page.
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TABLE 6-1-1 SEDIMENTATION LOAD OF THE SAPT KOSI

Catchment Annual . Sediment Load

Area at Sediment . (susgen81on)
River Tribeni (km?) (m3) /%u?)
Sun Kosi 19,230 54,200,000 2818
Arun 36,533 3u,6oo,000 " 947
Tamur 5,900 29,600,000 5,016
Total (Sapt Kosi) 61,663 118,100,000 1,920

' This table is highly representative of  the topologiecal
characteristics and soil production of thé three basins. The Team made
computations to forecast the spec¢ific sediment 1oad for eaeh ba31n. The
_computatlons were based on, among other data, charts showing the actual
figures of sedimentatxon load measured for dams in Japan, inference
formulas using the coefficient of réiief_esbimated by the relativé'felief
ratios of these basins, charts for relationship betwegn' the measuféd
suspended sediment loads and water groéion, R.S. Varshney's formula, and
measured data on disasters that have taken place in Japén. The results
were édmpafed with renowned cases of sedimentationand when comparéd.with
Dr, K. Sharma's figures the sade show an approximabe correlation. The

details are presented in FIG, 6-1-3.

1.1.2 Causes of Soil Brosion

Erosion occurs as a result of the interplay'betWeen a wide range of
complicated factors., The most typieal factors are shown in the [low chart

on the following page.
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RIG. 6-t-1 FLOW CHART OF ERGSION CAUSES

7.1.3 Estimation of Soil Brosion and Sedimentation

(1) Soil Erosion

The Kosi Basin is subject to recurring disasters due to water
arosion and'glaoiation. The Basin has been produeing vast sediment
dischaﬁgés' year after year. These discharges are due to
landslides, avalanche of earth and rock as well as river erosion.
Soil conservation, in particultar, is critical from the viewpoint of
basin managémeﬁt'inéluding'preservation of water, and is regarded
as 'extremely important for large-scale development of water
resourc¢es in the future.

There are two methods to derlve quantative estimation of
erosion and sedimentation which might be applicable to the Kosi
Basin,  One method includes use of formulas, while the other

* applies inference based on measured data of sedimentation that has
occured_at existing dams in.Nepal'and similar basins in the world,
In the former method, existing documents dealing with sedimentation
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engineering provide reference. ©On the other hand, measured figures
for sedimentation are very rare in Nepal in general, and
particularly more so in the case of the Kosi Basin, As a result,
the Team estimated sediment yield of the Kosi Basin by inference
based on the application of reported measurements of areas and
rivers with.high sediuent yields in the world (3including Japan).

The'Team made computatiohs using thé formula hereunder, to
derive an approximate value of erosion. In adédition, from
inference based on use of a formﬁla for sedimentation and from
comparative study based' on a graphic repreéentation of - actual
measurements bf sedimentation in other parts of the world, an

estimated figure of sedimentation the Kosi Basin was obtained.

The function of the magnitude of erosion can be expressed by
the following formmla. '
Sp = £ (Xk, ¥Xh, Xu, Xs, Xg, Xv, Xt, Xek)
Where,
“Sp
i
Xh

magniLuQe of erosiecn
climatie factor
" hydrological factor

¥m topographical factor
Xg geological factor
Xy vegetation factor

artificial fastor
social and econonic factor

Xs ;'soil factor

Xy

Xek :
Careful study of the: above factors whieh are extremely

complicéted in their 1ntera&tion, suggest how difficult it is to

develop a model of erosion progress. Dr. Milos Holy condueted a

study of these erosion faetors and their 1nteraction and found that

the formula could be reduoed into a more simple form.

Sp = f (a, Xn, S', L")
wnere, '

a : miscellaneous

Xh ¢ hydrological factor
ST : factor of gradient
L! : factor of slant

Dr, M. Holy carried out fleld tesbs and confirmed the formula
for a gvadient of 44.5% and a slant of 19, 8m, Fifteen years of
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observation presented the opportunity for br. M. Holy to develop
the following formula for open space,

Sp = aqb

where,

Sp & loss of s0il (kg/ha)
q : surface runoff due to rainfall (m3/ha)
a, b : factors of local condition
(for surface erosion, a - 2,002, b 1,103
hill erosion, a = 0,210, b = 2,645)

It is assumed that these two factors were developed based on
the magnitude of erosion obtained on a slant when the field tests

were conducted. Computations with respect to the hypsographic
features of the Kosi Basin gave, on the other hand, a difference in
elevation of approximately 1100-1500m/14kn?, or 1.5/ V1l equaling
approxmately 40.1% for gradient, '

This value is judged to be a close'apphoxihation to the value
for the aforesaid field test (44.5%). The Tean accordingly made
computatlons to determine the loss of s0il by erosion in accordance

with Dr, Milos Holy's formula and obtained the following results:

Sp = agP
where,

Sp i loss of soil (kg/ha)
q ! surface runoff due to precipitation (m3/ha/yr)
a ¢ 2.002
b 1,103
On the basis of the above calculations, erosion in the Kosi

Basin is presented in the table on the following page.
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TABLE 6-1-2

RROSION IN THE KOST BASIN
{(Holy's Formmla)

River Sapt Kosi

Sun Kosi

Arun

Tamur
Area © 61,000ku? 19,000kn2 36,000kn2 6,000k
1004 313 59% 10f
Average 50,900x106  22,400x106 18,300x106 10, 100x 106
vunoff {m3) 100% jug 36 20%
{1948 - 1971)
a . 8,3u1.3 11,789.5 5,083.3 ' 16,833.3
{m3/ha.yr) : . :
Sp _ 42,340.6 61,990.3 24,510.3 91,818,2
(kg/ha} " o . :
23Spw=SpxA 258, 3x106 117.8x106 88,2x105 55.1x106
{ton) :
238pv= 8pwsl. T
(e 151.9x106 69.3x106 51.9x106 32,4106
| r=1.7t/m3
Specifie . 2,u90 3,647 1,842 5,400
erosion _ _
(m3/xm?) _ _
Average 2.49 1.65 1.4y 540
erosion .

depth  (mm)

(2) Sedimentatioﬁ

Sedimentation phenomena are dominated by many elements, such
as catchment area, geology, topography, surface soil covering,
hydro-metecrological conditibn; hydraulic charaeteristics of the
artificial
envisloned reservolrs, location, 3scale, shapé hydraulic property,

river = c¢ourse, various actions,  surroundings of
water level fluctuation, c¢haracteristics of transported sediment,

trap effiociency and time, All are multiplex correlative phenomena,

Therafore, it is generally,‘difficult to estimate exact sediment .
discharge and condition of sediment distribution. |

The Team made computations to estimate speoific sedimentation
‘in the Kosi Basin,  The results of the differenb retheds are
summarized in TABLE 6Fi-3. As tabulated in £he satd table, the
Team made caleulations to estimate the sedimentation for each river
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in the Kosi Basin based on collected data and survey results
obtained dUrinﬁ the survey pericd.  Further summarization was
achieved through use of recorded measurements of sedimentation
throughout the world. As a result, the following equation was
developed and used to estimate thé sediment yield at each river in

the Kosi Dasin.

Qs = dAB
where, :
0s ¢ sedimentation (m3/km2 per year)
A : catchment area (km?)
4.8 1+ factors

Each of the above factors might' rébreéeht' what has been
determined by natural er0310n and artificial factors inherent to

the partieular rivers,

"Although actual sediment yiéld should represent the sum of
suspended load and bed load, a prOper method to'determine the bed-
load is not'avaiiablé. In many documents ‘and papers, the suspended
load is given as the value increased by 20-30% to allow for bed
load, In the present  study, the results obtained from nine
different éase_calculations are given in diagramatic'form (FI1G. 6-
1~2). . Judgihg from the trends of the diagram, bed load largely
'eQuivalent to' 20—30% of the suspended load is considered

appropriate only for maximum values of suapended load.

~ The specifie sediment yield- catchment area curve in FIG, 6-t-
2 has an approx, parallel inelination with Qs = 1.534 x 10%a-0.264
according to Dr, ‘Varshney s formula, Since the Kosi Basin is
situated in Nepal to the north of India, the Team has proposed the
Foilowing'Formula,'Which.allows for susbended load of maximum value
range3_and which' shows some parallel relation with Varshney's
formula as shown i{n FIG, 6-1-2,

Qs = 3.8104 x 10Y4A-0.264
where,

Qs ! annual specific sediment in m3/km?/yr
A ¢ catchrient area in ko?
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The sediment yield of each river in the Kosi Basin was
computed using the above formula, and the results are tabulated

below,

TABLE 6-1-4 APPLICABLE SPECIFIC SEDIMENT LOAD

River - Sapt Kosi Sun Kosi Arun Tamur

Catchment area (ku2) 61,000 19,000 36,000 6,000
Qs=3.810ux10"70-28 5 o78 2,827 2,388 3,823

m3/kalyr | 2,100 2,850 2,400 3,850

The [igures shown in the above table also take into account
the results of anaiyses made on Sampled specimens and surveys
conducted on the-rivéps of the Kosi Basin and conséquently the'same
are _consideréd' sufficiently applicable estimatation of specifio
sedimentation, However, application of this fortla to other
rivers in Nepal should be effected with care since the factors have

a ratﬁer large Pahge, as shown in FIG, 6-1-2,

'FIG. 6-1-3 plots, by way of illustration, the relation
betwéeﬂ‘SpeeiFic’sediment'yieid and catchment area of s6me rivers
in Japan, those with relatively high sediment yields in China and
other renowned examples.. The figure  also provides ‘a useful
comparison with estimated. specific sediment yields of the Kosi
Basin.  Comparison between the foregoing table and FIG. 6-1-3
indicates that Kosi Basin estimations are larger than any of the
largest specific sediment yield figureé for the ‘Japanese river
system, more closely approximating the larger values of the Chinese
fiver system. The same can therefore be inéluded among the larger
figures for renowned examples of sedimentation throughout the

world.

The Kosi Basin is thus characterized as a river in a severe
state of  erosion owing to natural conditions {vegetation,
' geography, topography, climate) as well as artificial conditions,
and the values of specific sediment yield estimated by the Team ave
considered to accurately reflect this fact,
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Designed values of sediment yleld for Hepalese dam sites and
sediment load (existing, under planning, and surveyed) are shown in
TABLE 6-1-5, 6-1-6, and FIG, 6-1-1,

t.1.4 Investigation of Landslides

The Team endeavored to obtain the present status of landslide
conditions in the Kosi BDasin, Investigation was carried out by using
topbghéphical maps with a se¢ale of 1 ! 50,000 and aerial photos with a
seale of 1 : 80,000 and 1 & 20,000,

The following aerial photoal/ were also used:

Tama Kosi River Basin 18 sheots of 14 scenes (scale 1/80,000)
Dudh Kosi River Basin 14 sheets of 10 scenes (secale 1/80,000)

!

- Arun River Basin 12 sheets of 9'seenes {with six
_ 1/20,000 scale photos of 5 scenes)
- Tamur River Basin 11 sheets of § scenes (1/20,000 scale
photos)

The investigation areas were selected in the area along the river
where hydropower projects are planned, the total area beiﬁg 3,05Hkm2 which
is 5% of the entire basin. The results of the inveStigation'are detailed
in TABLE 6-1-7 and 6-1-8, It was estimated from. the same  that
approximately 3% of the basin is assummed landslide area, with the most

heavy'landslide area, approximately 14¢ found in the Tamur River basin.

1.2 Hitipgation of Soil Eroaion

1.2.1 General

Mitigation of soil erosioen is not only essential for preservation
of land and protection of environment but also for exploitation of natural
resources., The objective of soll erosion mitigation is to preserve, anmong

other things, water and soil, the most important natural resources, and

1/ Sincet 1 scene = 90km2, in Eﬁlﬁﬁﬁ photo
]

- 2, 10 s
1 scene 6kmZ, in 53,0600 photo
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thereby protect a wide range of arcas related to the national economy
(favming, water - supply management, ‘living environment) against the
possible effects of water and soil deteérioération.

1.2‘2

The four basic approaches to mitigation of soil erosion are:

technical approach for agriculfuré and forest

technical approach for prevention of surface runoff

technical approach'for preventibn of concentrated diséhérge

chenmical

The objectives §f mifigation are preservation and improvement of
the natural environmehﬁ (water and s0il), and preservation of the
social environment. Since mitigation of erosien iﬂ the Xosi River
Basin in Nepal is expected to demand a substantial invésﬁment, it
may be advisable to divide the tasks for the same into two parts --
long -term and short-term -- as shown in the flow chart presented in
FIG. 6- 1- 5

Agricultural and Afforestation Technology

The agricultural' and afforestation technOIOgies employed in'

mitigation of soll erosien inelude appPOprlate location of oultlvated

areas,

effectively designed land cla331ficat10n, imprdvement of traffic

network, conservation in field and Forest and utilization of vegetation
as a protective covering. In this connection, the items below may be

considered,

(1} Shape, Area and Location of Arable Land

The shape, area and location of arable land should be in
harmony with nature, adapted to local conditions of water and wind

and made to follow the natural terrain.

(2)  Traffie Network

Roads should be constructed along the ridge of a mountain or
its vieinity, avolding the hillsides where construction could cause

or encourage landsliding.

(3)  Tillage _
fn an area 'subjéct to soil erbsion, tillage should be

practiced along the contour line (contour plowing) to prevent run-

of ' of soil.
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(4}  Protective Vegetation

Proteotive vegetation should include at least the following:

a) Crop rotation: sysbematio blanting  for periodic
shifting of cerops in a particular field patch;

b) Stvig farming: Alternative protective and protection
strips; : .

¢) Preparation of - grassland: Areas subject to soil
erosion, unless inclined or afforested, should be made
into permanent grassland; :

d) Reserve forest zone: Where land 1is subject to
extremely severe so6il erosion and is umsuitable for
farming, 1t should be prepared as a reserve forest zone
of sufficient size to provide effective protection to
neighboring  arable land  (windbreak, penetrative
woodland, shade forest); and,

e) Afforestation: Reafforestation showld be effected
while limiting timber cutting. Current management of
woodland capable of prevention of soil erosion needs to
be peconsidered,

{(5) -Education.Program.

An  education program for environmental preservakion at

schools and social education institutes should be developed.

1.2.3 Technical Approach for Prevention of Surface Runoff

‘Preservation of soil can be achieved by improvement of the gradient
and oblique length of slopes thereby creating the condition where water
infiltrates underground Qithout pooling on the surface or resulting in
surface runoff.

" Teahniecal approaches Lo soil preservation may be divided into the
following 6 categories:

a) Creation of penetrative zones {continuous penetrative
channel of large width) in the hillside oblique section
by planting bushes and shrubs;

b) Construction of protection works where fields extend in
a wide belt along the contour tine, Lo limit the flow
of water in a direstion perpendicular to the contour
line;

@) Construstion of shovtéeuts (water'colleoting channels)
in a hillside oblique section;

d} Earthwork to prevent - erosion (water collecting
‘earthwork) in a hillside oblique section; :
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e¢) Improvement of terraced fields (earth-banked terraced
- fields, masonry terraced fields) ~intoa’ a rprigid
structure; and

f'} Construction of drainage canals that permit dvainage of
surface water into the neavby rivers,
In addition to the above-mentioned approaches, = sufficient
consideration should be givén to soil preservation in future excavation of
rivers in the region of the Basin, improvement of traffic networks, and

the construetion of irrigation systems.

1.2.4 Technieai Approach for Prevention of Concentrated Discharge

Concentrated dischapge'causes gully erosion, the most devastating

type of river erosion. Measures aimed at prevention of surface runoff are

effective in preventing gully erosion. Such measures include utilization

of agricultural and botanical techniques in efficient combination with

civil engineering techniques,

Civil engineering approaches to the control of éonceﬁtrated'

discharge inelude among others the following items.

{1} Check Dam

Check danms serve to reduce the speed of surface runoff thus
pveventing gully erosion in the lowér reaches of a river. The same

also impoundloose sediments and stabilize the riverbed.

(2) Countermeasures for the Gully and Valley Beds

The principal 00untermeasurés inelude valley tob ahd bed

solidification works, which are svbdivided into embankméht works,
valley bed improvement works, and slope stabilization works.
Digging and expan31on of gully and valley beds should be prévented,
and slopes should be stabillzed by replanting.

{(3) Countermeasures for Mountain Torrents

Concentrated surface runoff is capable of eroding the bed and

banks of =a gorge, producing and moving earth and sand.

Countermeasures include prevention of discharge by improving the
conditions of the basin and mitigation of the gorging effects of
flowing water by improving the gradient of the torrent bed.
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{¥) Improvement of Drainagé Facilities in Terraced Fields

The drainage féoilities in terracea fields are in some cases
several centuries old.. " In addiﬁion, recently - constructed
facilities are poobly maintained. Accordingly drainage facilities
should be surveyed and rehabilitated where necessary.

As for agricultural and botanical weasures, there are many Hill
areas that have been developed in the Kosi River Basin. The entire Basin
has an area of almost 60,000kw?, with nearly 33,000ke?in the Nepalese
portion, and'farming dominates 6,000km2 or 18.3% of the latter.

TABLE 6-1-9 and 6-1-10 show the status of population and land
“utilization in the Study area. Agriculture has mainly been discussed in
relation to the problem of food supply. In Nepal, however, farming also
functions to protect the natural environment. When well-managed farmland
receives heavy rainfall,'it is discharged slowly and it is estimated that
eiisting farm1and is capable of sﬁstaining up to 300 million tohs of water
in the assumed reservoir depth of 5 centimeters. Terraced fields, apart
from their natural rbie of erop production, help to prevent floods and

thus pvesebve land and vegetation by functioning as a water reservoir.

¥Where management of farmland is inadequate, and the catchment and
drainage of water is poor, a long period of rainfall produces concentrated
discharge, which carries off loose earth and sand in addition to runoff
discharge. The Sapt Kosi River is subject to recurring sediment
discharges of huge volumes flowing from the upper reaches Lo the 3 major
rivers. Although this is often attributed to concentrated heavy rainfall
and unorgahiied deforestation, poor management of farmland in the paddy
and terraced fields in addition to improper catchment and drainage " of
water therein is also believed to be responsible.

Apart from the paddy and terraced fields, woodlands, plains,
grasslandé and grazing lands are all considered to have inherent
reservolr-type water retention capaéity and thereby help prevent soil
erosion. Poor managément'of'woodlands, plains, grazing lands and farmland
is associated with the inability of the Basin to pfeser#e s0il and water
adequately and, thus, is a cause of erosion of mountain surfaces and
farmland during concentrated heavy rainfall, This has resulted in a
vielous eyole of developing new terraced flelds and subsequent destruction
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of the natural environment with loss of topsoil, due to féilure to exploit
the water retentibn capacity of paddy and terraced fields. '

Agriculture then, through well managed paddy and terraced fields,
can preserve Water supply sources, purify the air and mainbain the natural
environment. Consequently, 1t is impdrtant to improve and restore
inherent water retention capacity, with emphasis “on  imprévement of
existing paddy and terraced fields 1n the Hill Area and related catchment
and dralnage facilities,

1.2.% Chenical Erosion Control

Slopes produeed by various types of construction works such as the
improvement of rlvers or  roads, development of housing sites, or

exploitation, are subJect to severe erosion until they are stablized

Brosion of slopes is seen on the oblique sides of roads. ‘The
:construetion of permanent slope pfoteetion b} various pianting techniques
on these slopes requifes a long time. Therefore; as a tempbrary.méthod of
protection, chemical :erosion control is often “employed, Use of hlgh
polymer materials for chemlcal erosion control is known to be an effectlve
means to minimize erosion. However care should be taken to guard against
possible pollution from the same. These high polymer materials include
petroleum  derivatives and secondary products such as’ asphalt,
polyethylene, resins, and other materials ¢ontaining polyolefin, syntheﬁic
rubber, latex, prevulcanized latex, emulsion, and bitumen, These
materials are highly thermally stable and highly resistant to oxidization.
Moreover, these materials harden the surface soil very easily, waterproof

the soil particles, and serve to reduce evaporation of water.

1.3 Improvement of Devastated Avea

t.3.1 General Counterﬁeasures

Effd?ts to iﬁbrowe the devastated areas in the Kosi Rivér'Basin are
directed at mitigating the véSb discharge of soil and sand which odciur as
a result of landSIides, surface erosion in hill areas, avalanche of earth
and rdéks,'and washouts, The frequént cceurence 6f=theseﬂphenoména is dﬁe
to the particular tOpograpnical and geographical features lnherent to the

reglon,
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The Himalaya area is a stratification of alluvial soil raised in
violent foldings that caused the old layers to move from the south and
overlap onto the new layers. The uphea#al 6f the Himalayas resulting from
orogenic movemeﬁt in the remote past caused violéht erosion and the
deposit of vast quantities of sand and rock at the bases of the mountains
and on the marine floor. The layers produced during this immature period

are subject to severe erosion during the monsoon period {(May to October).

Applicable methods for improvement of the devastated Hill Area are

presented in FIG, 6-1-6 and consist of hillside and torrent works.

1.3.2 Approach to Protection from Landslide

Rough estimation of landslides is presented in section 1.1.4. Many
landslide spots and'collapsed mountain slopes were observed in the Kosi
Basin during the study period., It will require an extensive time period
and large investments to’ protect the lands from the samé and: thefeby

establish a stable basin. A step by step program, however, is required.

The Team éarried ou£ a landslide protection works study at some
sampleﬁ'plaees selected from a unit area of 100km? from the vicinities of
high priority projects sites; (Sun Kosi No. 3, Tama Kosi No. 3 and Arun
No. 3). A profile of protection works and rough cost estimates al each

site are tabulated below.

TABLE  6-1-11 PROTECTION WORKS PER SAMPLES 100km?
Unit: 033
Sun Kosi Tama Kosi Arun
1. Area of landslide ~ 80ha 1,390ha " 350ha
2. Protection works
(1) River revetment 7,800m - 18,000m 12,000m
(2) Spare works 850m 1,960m 1,300m
(3) Gablon check dams 68 sites 1,750 sites 253 sites
(4) Consolidation dam 6 sites 114 sites 17 sites
(5) Slope protection 80ha 1,390ha 350ha
3. Estimated cost
(1) Mountain slope 300,000 5,056,000 1,243,000
(2) Stream and river 300,000 1,140,000 408,000
(3} Total 600,000 6,196,000 1,651,000 .
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Rough cost estimate of erosion and torrent control indicates that
an average investment of 3 100US$/100kw? will be required.

The above cost estimates preliminarily represent direct
construction costs, - The area for which ¢rosion countermeasures are
required, excludihg the Kosi Basin in Tibet and glaoier.aveas, is roughly
33,300ka2 and the cost for the same will therefore be about 1,000x106US$.
Such an amount would be the minimum requirement Ffor soil erosion

probedtion.

1.3.3 Hatershed Management Recomzendations

" As aforementioned, watershed management of the Kosi Basin is a
large-~scale project requiring substantial tice and large ihvestments. On
the othér hand, water reasources development, particularly hydropover
development, in the Basin has potentially great returns. Hydropower
development is expected to provide the opportunity to improve the Basin's
watershed, It is recommended that after commissioning of relevant power
station operation, 5% of the generated_valué of the hydropower project
should be used for Basin watershed management,

Watershed improvement for Sun Kosi No. 3, Tama-Kosi No. 3 and Arun
No. 3, were studied. The investment costs and time requirements for the
improvement of their respective basins are provided in the table below. A
rough estimation of the required investment cost was made on the
assumption of 3x105US$ per 100kmZ for watershed protection and maintenance

works.
TABLE 6-1-12 INVESTMENT COST AND TIME REQULREMENT
FOR WATERSHED IMPROVEMENT OF PRIORITY SCHEMES
Unit Sun Keosi Ho.3 Tama Kosi No.3 Arun_No.3
C.A. - ke? 5,520 2,753 32,332
Installed capacity MW 536 123 ' 240
Energy cost US ¢/kwh .35 5.77 2.29
Expected annual 106Us$ 0.0 34.8 5.0
sales of energy _
at site
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TABLE 6-1-12

conft
Unit Sun Kosi No.3 Tama Kosi No.3 Arun No.3
5% of annual sales 100U .5 1.7 2.3
Protected areal’ k2 5,000 2,500 4,500
Required - 10buss 150 75 135

investment cost

Required time year 33 Iy 59

17 protected area excludes the Tibetan and glacier area.

The above expenditures are indispensable for water resources
development from . the viewpoint of maintenance and improvement of water
_ resources in the devasted Basin, Fuﬁthefmore, the same will create
‘empIOyment: opportunities for local llabor. - HWith regards to present
conservation in the Kosi Basin, the following table was adopted from the
LEMP, Dpaft Land System Report, 1983, and c¢learly illustrates the need for

watershed management.

TABLE 6-1-13 SOIL ERGSION RATE
Type of Land Soil ton/ha/yr " (m3/%xm2/yr)
Well managed Forest land 5 (312)
Well managed Bench terrace 10 {625)
Poorly managed Sloping terraces 20 (1,250)

Degraded Range land Lo (2,500)

To realize watershed protection and maintenance through the above
plans will regquire further study. Upon implementation of a concrete
project, an apprOpriate.organizational framework will be established and a
watershed management center should be set up at the respective hydropower
development zites,
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t.h Afforestation

1.4.1 'Backgro

Natural erosion is estimated to account for half the erosion in the

Hill Area- 1/ and is partly a result of the exceptionally heavy monsoon
rainfall patterns prevailing in the same. The huge amoqnt and
considerable speed of runoff from precipitation and snow melt results in a
natural erosion process which has far-reaching effééts.

Man-made erosion, which is responsible for the other half of total
erosion in the Hill Area, is primarily the result of hlgh population
density, friability of soils, cultivation on steep slopes without adequate
soil conservation measuresg/, overgrazing of mountain pastures and forest
lands, and scavenging for fuel wood and fodder. Although about 87% of all
wood is used as fuel, forests aré also impoptant to the people in rural
aveas as a source of fodder for livestock. It has been estimated that 75§
of feed reQuirements are met from forest, grassland and trees in’ ruvél
areés. Commercial and non-~commercial energy consunpt1on by types of fuels
is tabuluated in TABLE 6 -1~ 14,

" TABLE 6—1 14 TOTAL COHHERCIAL AND HON—OOMHERCIAL
ENERGY CONSUMPTION BY TYPES OF FUELS (197”/75)

Fuels Coal Ton Replacement 4

A. Commercial . 10.74
1. Coal 64,480 0.90

2. Petroleum Fuels 613,546 - 8.58

3. Electricity © 90,331 1.26

B. Non-Conmercial ' o 89.26
1. Fuel wood - 6,204,000 _ 86.78 -

2. Husk 86,000 “1.2%

3. Dung cake 28,800 0.39

l, Vegetable Rastes ebe, 62,757 0.86
Total I BTN T 100.00

Source: Energy Seator Study by University of Tribhuvan, 1976.

FAO/UNDP Watershed Management Project Stﬁdies, 1977,

Although terraces are highly developed in the Hills, manpower
- réquired for adeéquate maintenancé is high and in many areas,
terraces are inefficient because of insufficient maintenance,

0 =
S
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Thié'consumption of wood for fuel, etc. accelerated more erosion of
the hill or mountain slopes. Forest area has declined from W5% in 1964 to
3&% in 197“ and only 29% now remains1/ ~ Studies by a Rural Energy Sector
Study Team from the Tribhuvan University in Kathmandu indicate that if the
préesent prate of forest destruction islcbntinued, pressures of inereasing
population and fuel wood and fodder demands would result in the complete
diSappeanénée of all accessible forest in the Hills in the next 12-14
years and in the Terali Area in 15-20 years,

In short, the ﬁost critical problems arising from deforestation are
those associated with loss of topsoil and potential agriéultural land
theﬁeby leading to  declining food 'ofop production and secondly, the
adverse effect of increased stream runoff on water suppliés in the Hill
Area, and resultant downstreamrflooding effects.

Sheot, gully and landslide erosions, together with the scouring
effect of torrents and streams, produce sand and silt in huge quantities,
which are transported to the Teral and Gangetic plains If these slopes
are exposed to violent monsoon downpours without’ protective vegetation,
fertile soils From the same may be lost forever and their potential

usefulness permanently reduced,

Sand and silt are deposited when river flow velocity is reduced, as
when rivers flow into the plains, Ffor example, and these deposits
constantly ralse the riverbed, A000rding to Nepalese observers, the beds
of Terai rivers are rising by 15 to 30en annuallyg/. This leads to
flooding as well as to considerable shifts in the course of the rivers,

For example, it has been estimated that the total silt volume
removed by the Karnali River amounts to 75100/p3 annually, equivalent to a
t.7mm layer, for the whole catchment area, while preliminary estimates
indicate that erosion ranges from 30—75t/ha/yp3/. Thus, in total, Nepal

1/ Country Monograph (Nepal} ESCAP, 1984, Export Group Meeting on the
Integration of Envirénment into DeveIOpment

2/ HMG, Draft Proposals of Task Force on Land Use and Erosion Control,
197H
3/ _IBRD Nepal Agricultural SectOr Survey, Vol.I1I, Annex 6, Pg.2.
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, _ o . /.
may be losing as much as about 21030%/m3 of soil annuallyl’.  Topsoil
washing into India ang BangladQSh_is now Nepal's most preoious export, but

one for which it receives no compensabion,

1.4.2 Role of Afforestation

With the continuing deterioration of forest wealth, the mountain
ecosystem has been badly affected.  Numerous publications and = study
reports have drawn the world's attention to the serlous erosion problems
of the Himalayas affecting the lives of millions of people in the Gangetic
plain. However, a reeent‘study has shown Lhat in the larger part of

Nepal, environmental  degradation has  not  become irreversible.
Stabilization OF the soil is possible if appropriate measures are taken

for the development of a stable land use systemg/‘

Although the potential for erosion in the Kosi Basin is greater, as
mentioned above,  such érosion is not due to man-made causes alone. The.
area has heen subject to floocding and silting for at least the last 200
years. This is a natural eyéle and will continue to oeour3 In the Hill
Area, therefore, 1if there are no accompanying changes in land wuse
practices, the'effect of soil and water conservation works on the Sapt
Kosi, even if they ar¢ implemented on a large scale with high investment,

will not be very 31gnifieant

In spite of ‘this, erosion problems must not Dbe ignbred._ A
distinction should be made between natural, inevitabla erosion and
accelerated man-g¢aused erosion, .ﬁbcelerated-ercéion oceurs with sediment
runoff from bare agricultural 'laﬁd, sparsely cropped areas, light or
overgrazed forests‘an& abandoned land, o '

Badly eroded abeas and large landslides are found in the Sapt Kost
River catehment area as well as many other parts of Nepal Considering

1/"Country MonOgraph (Nepal) ESCAP, 198h. Export Group Meeting on the
Integration of EnvirOnmént into DeveIOpment. '

2/ A reconnaissance inventory of .the major ecological land units and
their watershed condition. Summary Report. FAO, 1980.

3/ The Sapt Kosi Unsolved Problems of Flood Control in the MNepalese
Terai. HMG/FAO/UNDP, 1979
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the very steep,. rough topography of this young mountain area, however, it
is éurprising that the sltuation is not worse, New vegetation grows very
quickly over steep rocky landslides in the Hill Area s0 that often a
landslide can secarcely be identified after 1-3 years. HRecently much has
been Written about erosion in Nepal, and it is possible that the problems
of erosion have been somewhab exaggerated, Rathér than conducting a new
study of erosion, however, some clarification of the work already
compieted is require'Il. The best method to combat s0il erosion is large
scale afforestation, a reduction in deforestation and better forest

managesent,

1.4.3 Present Affoveatation Projects

In order to ensure a sustained supply of.fuel wood and fodder, as
well as building nmaterials for the rural population and to improve soil
and water conservation, HMG has designed and implemented many integrated
develbpment projects in the various _districts espeéially in the hill
districts. One of the components of the same is the development of
existing forests and extsnsion of forest area by afforéstation with

participation of the rural people,

The various Integpated'ﬁuval Development projects (IRD projects) as
well as the Community Forestry Development project presently in operation
and their financing agencies are listed below:

- Rasuwa-Nuwakot IRD World Bank/HMG
- Kosi-Hill Area Rural -

Development Project (KHARDEP) UK/HMG
- Sagarmatha IRD _ Asian Dev, Band/HMG
- Nepal-Australia

Forestry Project (NAFP) Austpralian Govt./HMG
- Integrated Hill: S

' Development Project: (IHDP) SATA/BMG

- Resource Conservation and.

Utilization Projeot (RCUP) USAID/HMG

Tinau Watershed Project GTZ/SATA/HMG

1/ F, Zollinger; Analysis of River - Problems and Strategy for Flood
Control in the Nepalese Teral., FAO/MHG/UNDP, NEP/TH/020, IWM/WP/12.



- Rapti Area Development Project USATD/HMG
- Karnali-Bheri IRD (X<BIRD) CIDA/HMG

~ Community Forestiy Development
and Tralning Project (CFDIP)

- Ratuwamai Afforestation Project

IDA/USAIB/UNDP /HMG
Self-financed

~ Forest Survey & Research Project Self-financed

- Afforestation Project - Self-financed

- Resin & Turpentine Projeet USSR

- Silvicultural Research Project oA

Each of the above projects covers from one to 29 administrative
districts in the Hill Area. All 55 hiil districts of Nepal are covered by
these projects sector projects combihedlf. All distriets in the Hill Area
of the Kosi. Basin are covered by afforestation programs in the above
listed prdjeets. Each district has its own projects exelusively involved

with the afforestation program as tabulated below.

TABLE - 6-1-15 AFFORESTATION PROJECTS BY DISTRICT

Project District .. Zone

KHARDEP - Sankhuwasabba _ Kosi
. Dhankuta f

Terathur "
Bho jpur Sagarmatha

Sagarmatha IRD Udyapur Sagarmatha

NAFP Sindhu-Palchok Bagmati
Karve Palanchok "

1Hop Dolkha Janakpur

CFDTP Ramechhap Janakpur
Sindhuli wo
Solukhumbu Sagarnatha
Okhaldhunga H
Khotang #
Taplejung Mechl
Panchthar "

n

Ilam

1/ Introduction to Policy,

Legislation and Prograumes

" Forestry Development in Nepal, 1982.
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1.4.4% Developzent Program _

. In the Sikth Plan (1980-85), one of the 3 objectives for the forest
sector is Conservation of Natural Resources consisting of ways and means
of preventing or retarding natural disasters such as sdil erosion, floods
and landslides, prbtedtioh of.soil fertility, and safeguarding of rivers
and rivulets. For this purpose, high priority has been given to works
relating to s0il and catchment area conservation and scientific land use,
and such kdrks will be conducted with special emphasis on local

partieipatibn.

Top priority has been given to community forest development and
afforestation prégrahs,' which are being conducted in the mountainous
region as mentioned above. The ﬁrincipal physical targets in the forest
sector in the Draft Sixth Plan are tabulated below. '

TABLE 6—1-i6 TARGET AREA FOR AFFORESTATION
Programs _ Unit Térget
Conseérvation and . _ ha 82,189
Improvement of Forests
Afforestation ha 42,872

Source: The Sixth Plan (1980-85), Part 1 (A Summary), 1981

As of 1982, 14 major afforestation works are to be executed by the
Forest Department during the Plan and are intended to cover an area of
71,427ha on both a self-fipanced and donor assistance basis. This targetl
is ambitious however, in view of the modest afforestation performance
during the Fifth Plan. That is, in spite of the 20,000ha afforestation
target during the Fifth Plan, actual achievement was only 9,864ha, mainly
due to lack of organization, manpower and financial résources. Actual
expenditures on afforestation during the Fifth Plan were only 4,649 of the
total outlay on forestry, |
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In the 15 years of development planning bnly about 20,000ha have
been afforested in Nepal whereas during the same period moére than 2
million ha of forest have disappearedl/.

1.4.5 Conclusion _

| As mentioned abqve,'éfforestatioﬁ is a most urgent need of national
deveIOpment in Nepal. There are wany countermeasures that eén be used in
the development approach. however, substantial investment and manpower

will be required.

In these ecircumstances, parallel with the present efforts of
afforestation, rapid extension of fodder trees should be made immediately
by Government activities for soil ICOnsevvation, supply of fodders and
fuel,

Afforestation by planting fodder trees in comparison with other
trees is an easy and low cost task for farmers. Fodder trees can be
planted anywﬁere, ineluding fooltpaths between farm fields;. surrounding
farm houses, terraces andfor steep slopes. Adaptable fodder_ﬁrees should
be selected and recommended by the deern@ent foﬁ-propagation and planting
as a special urgent countermeasure, Such a program would be helpful to
meet farmérs' basic requirements and environmental proteetiéh at a low

cost.

1/ Nepal Agriculture Sector Strategy Study, Vol II, ADB, 1982
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2. RIVER MANAGEMENT

2.1 Suryvey Results Near the Junction
of the Trijuga and Sapt Kosi Riversn

As shown in FIG, 6-2-1 and 6-2-2, the Trijuga River joins the lower
reaches of the Sapt Kosi River about 21km upstream oOf Bhimnagar Barrage
located on  the Indian border, The Trijuga basin has an area of
approximately 800kn?, The Chandra Canal barrage 1is situated on the
Trijuga River about Tkm. upstream of the confluence with the_Sapt Kosi
River. The Chandra Canal runs southeast, almost parallel with the Sapt
Kosi River. In the area beﬁween the Sapt Kosi River and the Canal, there

are numerous farm villages and cultivated fields.

The barrage has five gates, apart fronm emergency gates provided for
floods and discharge of excessive soil and sand. The gradient of the
riverbed in the upstream direction at this point is approximately 1/1000
to 171500, = The front of the dam is ‘almost imbedded_in'sand and soil
excepht for the Flume inlet gate side. The Team learned from interviews
during the survey that seasonal flooding raises the water level some 1,5m
above the top of the dam every year. During dry season, on the other
hand, the inlet gate of the flume takes most of the river water, leaving

the river downstream of the dam more or less dried up,

The Trijuga River is subject to erosion along both banks downstream
of the barvége since the water level rises against the right bank during a
flood. Farmland is annually eroded, althcugh slightly, on the right side
of the river. Since those settlements in the vieinity of the Sapt Kosi
River junction have fields more than 1m above the flood water level of the
Sépt‘Kosi River, no flood damage has been reported to lives or property in
the past.

The Junction of the Sapt ¥Kosl and Trijuga River is separated fron
the Bhimnagar ‘Barrage by about 2ikm, The Sapt Kosi River has no
embankment -more than Okm upstream of the barrage because the right bank is
1-2m above the flood water levels, Instead, sluice works are installed at
an interval of 2-3m. The river was embanked by India over the remaining
t12km with slulce works at 1-2km interval.  Detailed information is
presented in charts devised in accordance with the survey results.
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2.2 Review of the Survey Results

Upon review of the survey results on the west embankment of the
Sapt Kosi River, six points along the river were determined to require
rehabilitation (FIG. 6-2-1),

Construction of additional protection works is unnecessary along
the Sap_t{- Kosi River for about 12km upstream of the Bhimnagar Barrage -as
this section is completely embanked alghg the right {west) side with
oclosely situated ¢ross ievees and no damage has occured due to flood in
the past.

The six points which require rehabilitation and a deseription of

the necessary wWork are presented hereunder,

(1) A 10m section of embankment about Tkm upstream from the
Bhimnagar Barrage has been damaged apparently by drainage from
nearby fields. Repairs of the revetment as well as of nelghboring

dralnageways are necessary in this section,

(2) The Sapt Kosi River lacks embankment for- 9km from 12km
_upstream of the Bhimnagar Barrage. Although the Team agrees that
embanking this section of the river is unnecessary since the
zlevation of the area is about 1-2m higher Atban the flood water
level, the construction of a revetment would be desirable to

prevent erosion of the river banks during floods.

{3} The section  between the intake dam of the Chandra Canal
Barrage to the Sapt Kosi River covers a distande of 7km. If the
river is eémbanked for about 1km immediately downstream of the dam
in this section, erosion of the river banks in the viainity of the
Tatephur Village will be prevented. No embankment is necessary for
the remaining distance of ©6km. However, the construction of a
revetment would prevent erosion of the fields in this section.

{4} .The Trijuga River is éubjec_t to less erosion along the left
" bank near the Chandra Canal Barrage compared with the right bank,-
as the latter is more exposed to flood waters.  Consequently,
‘reinforeement of the right bank with revetment works is necéssary_.
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{5) In addition, revetment of a section of the left bank for tkm
imrmediately downstream of the dam is required to proteet the

settlements on the left side of the river.

(6) ~ The intake dam on the Trijuga River extends for about 350m,
About 10m of the dam on the left bank is damaged and requires

repairs,

2.3  Plan and Design of Renovative Work

2.3.1 Estimation of Flood Discharge

The catchment of the Trijuga River has an area of 800km2, The
river runs through the northern section of the Terai Zone. Although there
is a meteoﬁological gauging station ih the basin of the same, the station
possessés no record af w.eather reports about: this area. Consequently,
precipitation in the area could not be inferred except on the basis of
available records of weather made in the area ad jacent to the basin. The
following three meteorological gauging stations were selected for their
location near the basin and in the range of the Terai Area, and rainfall
records for the same are presented in TABLE 6-2-1.

- No. 1111 Janakapur Airport
- No. 1114 Hardinath
- No., 1319 Biratragar Airport

Frequency was inferred from available maximum precipitation
recorded in the past years {1971 - 1980) obtained at these three stations.

From these records, the probability F(x) was computed using the
equation F(x) = (21i-1)/2N x 100 and the results were plotted on Hazen log
paper - as FIG, 6-2-3. On the same Hazen 1log paper, there is the
relationship 1/T = F{x) between the probability F(x) and the return period
T from which a probable value of precipitation over 100 years for each of
the three stations can be obtained (TABLE 6-2~2).. Consequently, the value
of x, when computed as a 100 year period probable value, is obtained as
corﬁespohding to the value of 1% ( /T = 1/100) on the axis of ordinate or
where the curve intersects 1% on the axis of ordinate, as follows:

- 300/24 om/hr for No. 1111'Janakpur AiprPt
- 250/24 nm/hr for No. 1114 Hardinath
- 200/24 mw/he for No, 1319 Biratnagar Airport
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From the above, the minimum value of 200/24hr was selected.

~ To simplify calcuiaﬁions, Rational's formula was employed to
compute peak flood discharge, As a result, the peak flood
discharge is 2,279mm3/s in a 100 year year return period for 800kme
C.A. of Trijuga River,

The flood disecharge thus obtained shows a elose approximation
to existing'Nepalese figures. The Nepalese figures are shown in
diagram form in F¥G, 6-2-4 for reference.

2.3.2 Improvement of Embankmehts-

Using the Mannlng formula with roughness factor of 0.04 and river
gradLent of 1/7uu water depth above the barrage assumed at 3. 28m at
2, 279m3/s flood discharga. Since the banks of the river are currently-
about 2, 5m high, respectively, an extension of sone 0.8m or more of'
embankment along with revetment on both banks would be safe in the case of
a 1o- year period flood probability of 2279m3/sec. The team therefore
recommends the rive training works ptesened, in FIG 6-2- 6 and 6-2-7.

2.4 Volume and Cost of River Henovation=

The cost for the construction of a cylinder/im of extension was
computed by the equation:
C=22.8 x H (US$)
where,
c : constructlon cost per meter of . cylinder
H ! helght of embankment
Although H = 3.5m according to design, to simplify caleulations, Y4m
was used, A top width of 3m was seleeﬁed for the embankment design,
Consequently, the approximate was computed as followsf

= 22.8 x U = 91 2 (US$)/m

The entire léﬁgths of the eylinders'td be coﬁstruoﬁéd are E,Skm for
the embankment and 15.3km for the revetment. The length of the vater
protection.extéhéion is 1.7km = 10m x (3 + ?H)._' Frdmzthe_aboée, the
entire lemgth of the ecylinders is (2:5 + 1.7 + 15.3/2) = 11.0kn.
Accordingly, the total construction cost is estimated at 1.085.286 US
dollars ( C = 11900 X 91 2) or 1, 1 million US dollars 1n approximatién.

The approximate gabion volumes are shown in TABLE 6-2~3.
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3. NAVIGATION

3.1 Bac round

Access from Kathmandu to most cities except Jiri and Bhankuta in
the Kosi Basin is only possible by air due to the lack of adequate
serviceable roads. Common travel in the Hill and Mountain Areas is by
footpaths, For trips, trades and logisties, people in the area spend days
in ‘walking, sometimes fording rivers to reach their destination.
Footpaths are ‘used for general tranépbrtation and the network is
extensively deveioped; the total length of footpaths is estimated at
15,000-20,000km in Nepal. Ferry services and manuél ropeways also exist
at many locations along rivers. In the Study Area, the Kathmandu -
Dhankuta Highway is planmed which is envisioned to greatly improve
-mobiiity in the area. However, considerable time may be required before
actual implementation.

HMG is giving attention to the development of adequate inland
waterways on ‘major rivers. This is a new pollcy of the governmenk Hnlch
has traditlonally given development priority to roads and airways.
Advahtages.of-waterway transportation in comparison with roads and airways
is considered to be the relatively small initial investment and low

operation and maintenance costs.

In this connéction HMG established the Inland Waterway Seotion
under the Ministry of Works and Transportation in 1981, The Section has
been condueting a project of "Inland Walerway Developuent”" whiceh
Investigates mwajor rivers for their navigability. Speeial attention has
been given to the Sun Kosi, Kali Gandaki and Bheri rivers (FIG, 6-3-1).
In  this connection, TABLE 6-3-1 c¢ompares the various existing

transportation systems and their costs for the nation.

3.2 Navigation Potential

Navigation activities on the Kosi are limited to river-crossing by
ferry and adventure type raft services. But these services utilize
present uncontrolled flow of rivers; therefore, natural hazards and
seasonai changes in river flow are inherent. Frequency and size of canoe
used in ferry service are conditional to the locality, In the case of
Chatra Ghat on the Sapt Kosi a large size canoe, about 10m long, 1is used
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in dry season., It takes approximately 8 minutes to cross carrying 80
persons in very crowded conditions. . Long distance
ferry service on a regular schedule does not exist on the Kosi.

HMG  is interested in both internétional_ and domestio navigatibn;
but for the ticme being domestic navigation is given more attention because
of relative ease of implementation. 'As a landlocked ¢ountry, however,
accessibility from the Nepal-India border to Calcutta by river is
considered =a very attractive alternative 'transportation against rdads,
railroads or airways. Present cargo ﬁransportation for third obuntry
tradingslf is uﬁdertaken by overland trucking through Caleutta (75%) and
Chittagong (5%), besides air transportation (10#).  This trend will
continuegf since alr transportation will be continuously restrained by
cargo handling capacities at the Tribhuvan Airport, Average overland
trafficd’/ for third countries amounté to about 450,000 tons/year, About
60 of the annual volume goes through Biranj Customs Post} Calcutta is the
place for shipping-out and receiving. FIG. 6-3-~2 shbws the major trucking

routes in Nepal and India.

According to limited infbrmatlonﬁy navigation services in north-
eastern India are available for a portion from Caleutta to Farakka and
Farakka to Assam, and there is limited distance service near Patna.
Details on frequencies, fares, and payloads of ships used for the said
services were not avallable, bub. éargo mdvgmeht in the north-eastern

region between August '82 and July '83 amounted to 27,405t. '

Recent surveys have indicated that inland -waterway tpransportation
in the region is no longer competitive with other modes of transportaticn,

1/ "Projection Nepal's Transit Traffic for the Sixth Plan Period
1980781 to 1984/85 Including Updated Volume Statisties for 1979/80 &
1980/81%, UNCTAD/ESCAP, RAS/81/114, NEP/82/002, Ref. 83-39,

2/ VTransit Cargo Congestion and the Need for More Transhipment
Facilities", UNCTAD/ESCAP/, RAS/72/07T, NEP/72/077, Ref. 81-23, Fab.
1981, , | o

3/ "Nepal Overseas Trade Statistics 1979-80", Trade Promobtion Centre,
Kathmandu. - ' : ' I o '

4/ A newspaper cutting of the Statesman, Caloutta. May, 1983, exaot
date unknown. ' '
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dropping from the 1950 level of 60% to only 3% in 1982, Such drastiq
change was causéd by (i) development of roads and railways, (ii) lack of
facilities for night navigation, and (iii)' lack of infrastructure
facilities. In order to re-utilize tradltlonally cost effective water-
borne transportion the Government of India 1is now very keen on
revitalizing inland waterway transportation. This new poliey and its
implementation would be benefical to Nepal for general trade with India.

Navigability on the Kﬁsi with regards to a route from Calcutta to
the HNepal border has been discussed very briefly _elsewhefel/, and 3
recommendations resulted; namely (i) a detailed survey of the Sapt Kosi
from Chatra up to its confluence at the Ganges, (ii) installation of a
lo¢k to pass boats aeross the Bhimnagar Barrage, and {(iii) arrangement of
returning canal water to be used for power generation to the Sapt Kosi
main stream after power generation to ensure adequate water depth for

navigation,

Navigability on the Gandak River as an international'waterway has
also been atudied?’/, The report concluded that dry season traffic to and
from Nepal could be effected by a barge similar to the Central Inland
Water Transport Cooperation, India's "Cachar Barge" operating at a draft
of 90cm based on preliminary calculation, details of which were not shown
in the report. The study also pointed out the necessity of some river
training' works to be undertaken at reasonable cost Lo ensure a 90cm

channel during 345 days/yr (90% occurrence) up to the border of Nepal,

Recognizing the present sizable navigation activities on the Ganges
River in the north-eastern region it may be concluded that navigational
potential of the Kosi from its confluence at the Ganges River to the Nepal
border should be confirmed through further professional investigations
with the cooperation of the Government of India.

1/ "Report on Inland Waterways for Nepal", A.B. Thapa, 22 Mar., 1967,
Kathmandu,

2/ ‘'Inland Water Tranaport in Nepal', Report of ‘a Mission by J.M,
Deplax from 20-29 Nov., 1982 at the Request of H.M.G. of the Nepal,
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Concerning domestio navigatién;_ a preliminaby study conduoted
during Part A and B on the Sun Kosl, the Arun, and the Tamur suggests high
potentiality based on (1) genéral field inspection €rom a helicopter, (ii)
longitudinal profiles estimated from existing 1/50,000 maps as shown in
FIG, 6-3-3'and (iii) field heasurements of river cross-section and flow at
5 gauging stations on the Sun Kosi and the Tamur {to be shown in the final
report}. ~Present adventure type rafting on the Sun Kosi may reinforce the

above preliminary judgement.

Navigation by barge with less than one meter draft may be possible
in dry season (i) on the entire Sapt Kosi, (ii) up to Dalalghat on the Sun
Kosi, (iil) up to Tumlingbor near Khandbari on the Arun, and (iv) up to
the vicinity of Talplejung on the Tamur, It is strongly récommended to
carry out systemakic technieal surveys on the abvove 3 rivers for possible

subsequent detailed studies.

3.3 Recommendations

Despite the importance of inland h&vigatidn, £echnioai information
required for evaluating the feasibility of both domestié and international
aspects of the same is very scarce; therefore,_ as an initial step,
preliminary . investigations  are strongly recommeénded. Separate
racommendations are presented bélow for international and domestic aspects

of inland navigation, respectively,

International Waterwgy Study

1)  For the Kosi River from the Nepalese border to the confluence
point at the Ganges River:

- longitudinal and cross-sectional profiles with leveling
information

- daily discharge records

- siltation and sediment loads

- effects of current or possible scouring

- horizontal shifting of maln stream

- ather relevant hydrographic and hydrological survey data

2) For Bhimnagar Barrage, ocanals, poWer stations and other

structures on the Sapt Kosi River:

- layout of structures describing relative horizontal
distance from the river o '

- effective water depth of Flow

~ location of bridges and clearance of the same

- ¢ross-sectional and longitudinal profiles of channels
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- 3) For the present waterway transportation services of the route
from the 'Ganges River through Farakka Barrage, Feeder Canal,
JangipUP Barrage, the Bhagiﬁhi and Hooghly rivers reaching
Calcutta:

- details on waterway services in terms of frequency, type
of ship, faré and payload per ship

~ management and operational information

-~ maintenance information

- future expansion programs

Collection of the above information will require cooperation of the
Government of India, and it may take some time before a detailed study can

be started.

Domestic Waterway Study

Investigation on domestic navigation, however, can be
e#peditidﬁsly executed according to programs formulated by Nepal,
'To effédtiVely’ déevelop a domestie inland waterway transportation
system in the Study area, a prototype ship for field investigation
is 'recdﬁménded, ~ Preliminarily the following would be initial

steps towards commercial operation of waterway transportation,

1) First phase! preliminary study

Comprehensive  investigations should be carried out for a
period of 1-2 years using a prototype ship to collect data on
topography, hydrology, and navigability of the Sapt Kosi, Sun Kosi,

Arun, and Tamur rivers, Investigation areas should consist of:

- the entire Sapt Kosi between the point of confluence of
the Sun Kosi, Arun and Tamur rivers and the Nepal-India
border, approximately 50km in length

- from the e¢onfluence point up to Dalalghat on the Sun
Kosi, about 170km in length ,

- from the confluence point up to Tumlingtar on the Arun,
about 50km in length ; . .

- from the confluence point up to Phulbari on the Tamur,
about 90km in length

The stﬁdy shoulddetermine the navigability of the 4 rivers
based on analyses of the collected data and aetual field surveys.
Expected outputs of the Study are:

= possible navigation route
- preparation of river navigation chart (FIG, 6-3-4)
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- required 1nfrastrueture works 1neluding vharf, service
dock, river training, dredging, buoys and beacons for
ensuring navigation route and safety

- Seope of navigation services and future expansion
program '

- discussions on slipway or lift for ensuring passage
through a multipurpose dam to be constructed in the
future

- basic economie evaluation

Required equipment include:

- a flat self-propelled barge which is about 15m long, Bm
wide, tm deep, with 30 tons cargo capa¢ity

- a sonar

- a radar :

- sets of navigation equipment & ground survey equipment

- a flow velocity meter

- a Catamaran type steel boat, diesel powered 450PS x 2,
approx. 20m x 6m x 2m (FIG. 6 -3-5)

The Catamaran typs boat will be used for collecting data
necessary for the navigability study. . The recommended flat barge
“is self-propelled for carrying cargoes during field surveys but it
¢an be readlly used a4s a landing eraft which will enable the survey
boat to land on the shore at virtually any location along a river
for loading ‘and unloading purposes as shown in FIG., 6- -3- -6, The
boat will also be used for a general ferry service after completlon

of the field surveys.

2) SecOnd phase' feasibility study

A detailed feasiblity study should be conducted for a period
-of one year to formulate a detailed 1mp1enentation plan, continue
test operation of the boat for eollecting ‘operational data, perforn
economic evaluation, and recommend an institutional organization

for commercial operation.

3) Third phase: eonstruotibn'of infrastructures

Executlon of infrastruoture constvuction, manpower training
in the areas of operation and maintenance, and proeurement of
vessels withln a one year peviod 1s planned.

) Fovrth phase. commeroial Operation

This is the last phase for starting commeroial ‘operation,
All the necessary preparatory works and program adjustments should
be ineorporated at this stagae.
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y, WATER USAGE FOR FISHERY

L | General

Fisheries development . represents a largely untapped sector in the
field of water resources development the potentlal of which should not

be overlooked. It ¢an contribute in several ways, by:

a) providing a low cost source of suppléméntary protein;

b) a¢ting  as potential source of employment and - income
generatiOn, and,

¢) facilitating establishment of more ecologically
balanced land and water resources.

AithoUgh_ landlocked, Hepal 1is blessed with sufficient water
_resources  to permit fish. produetion at léﬁels which can make a
‘significant impact on the gquality and quantity of food supply in the
country; In view of the seriéus nutrition problem Nepal now faces, it

is essential that all ehannels'to inerease food supply be'bursued and
fisheries 'alohg with livestock production are espeeiaily important
because of their ébility to supply animal protein. The value of fish
production has long been récoghized, and accordingly the Government has

been'ineluding'fishepies development in its Cive-year plans.

4.2 Patential Resources

§.2.1 Inland Water Resources

- As Nepal is a landlocked country, produciion of fish within the
same is entirely dependent on the proper utilization of its inland water
resources. The water resourcés available for fish production in Nepal,
the Project Area and the dam reservoirs planned under the Project are
detailed below and presented in TABLE 6-Y4-1, 6-U4-2 and 6-4-3,

The latest data on physical land use show that water bodies cover
2.88% of the total area of the country. Besides these natural water
bodies, there are about 5,000ha of village tanks and ponds mostly
coneentratéd"in the sOuthebﬁ plain, or Terai Area, An additional
108,481ha of irrigated paddy field and 750ha of man-made reservoirs add
seasonal, as well as perennial watér bodies to the total. Moreover, the
trend towards hydropower and irrigation projects will add more water
bodies in future. ' ' '
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‘According to this Study, about 31,000ha of damn reservoirs would
be created by Project development. ~Development of this water resource
is feasible from both ecological and economical viewpoints.

.2.2 Fish Résburces

(1)  Fish species in Nepal

A systematic detailed study on the biology and distribution

- of fish species in the varied ecological niches of inland water
bddies_in Nepal is still to be carried out, Howeveﬁ, records
indicate that these inland water resources are considerably rich
in the same. A receant work, "A General Biblidgréphy on Fish and
Fisheries of Nepal" shows a total of 164 indigenpus fish species
distributed in various river é}stems and water bodies frdm a few

hundred meters to Y OODm in altitude.

Be31des 1nd1genous flsh species, seven exotic fish speeies
of commereial value have also been introdueed in the country
Three of these are cold water Speeles_ whieh do not presently
exist (Salmo gairdeii, Salmo_trutta and Onchorynchus rhoduras,

while four commercially valﬁed warn-water culture fish sbecies

(Cyprinus carpio {common carp), CténophgvyngodOn idella (grass

carp), Hypopthalmichthys molitrix (sil#er carp) and Aristichtgg

nobilis (big Tthead carp)) are being cultured  31ong with
'cbmmercially highly valued indigenous fish species. Besides the
cultivable indigenous fish  speeies, Schizothorax __ spp.

Sohlzotnoracthys spp. Tor spp. are dominant fish Species in mést
of the hill-streams of the mid-hill and mountain region. Many

other fish species of commercial value also exist but their

biology has yet to be studied.

{2) Fish'in.the Teral Area

A broad spectrum of fish spécies exist in the Terai Area.

Those which cohthibute to cqmmefeial fisheries of the same are

. Thed (ggggg. dero), Karaa (Labeo gonfus), Nainl or Mirgal
(Cirrhiné mirgala); Vakur (Catla éatla), and Rohu (Labedgrohigg).

Catfish are also known to exist in the deep pools of the area

VI-36



including Gounch (Bagarius bagarius), Magur {(Clarias batrachus)
and Singhi (Hetefopneustes fossilis). Important sheatfish that
oceur in the ox-bows of the rpriver downstream include Buhari
(Haiiage attu), Jalkapoor {Clupisoma gaura), Bachawa
(Eutropiichthys vacha), Bélgara (Eigg rita) and Tenger (Mystus

vittatus, Mystus seenghala).

Pocls and rapids downstream are colqnized by River Carp
which are. of poteﬂtial commerceial value, The Rmore important
speciés include Thed (Labeo dero, Karsa {Labeo AgOniuéj.' Rohu
(Lab¢o rohita), Bata (Labeo bata), Rewa (Cirrhina rewa), Mri gala
{Cirrhina mirgala), Karonch (Labeo calbasu) and Vakur (Catla

catla), Besides these 'principal species several melanic or

natural hybrids are known to exist in this area.

Back and sheltered waters: GOWnstPeam_ are 'ihhabited by
freshwater eels, ' The stone eels such as Dhungae Bam

(Mastacembalus pancalus) and (Mastacembalous armatus) are not as

common as the freshwater eel or Rajbam (Anguilia bengalensis).

Mud eels or Bam (Amphipnous cuchia) are also numerous in the

downstream areas.

The main fish of the Terai Area are the Featherbacks or
knife fishes  (Notopterus chital and Notopterus notopterus).

Murrel or Snakeheads are also fairly common. The important
Murrel game species in the Terai Area is Saur {Channa maurulius).

This species is found in swampy areas along boggy river banks and

in sheltered waters,

Throughout the Terai Area, commercial fishing cccurs during
the monsoon. Fish enter flooded marigots, irrigation channels
and rice fields, and are caught there. In downstream swamps and
old river c¢hannels, swamp fishery is practiced including the
catching of Eel, (Amphipnous cuchia), Singhi (Heteropneustes

fossilis), Magur (Clarius batrachus), Saur (Channa marulius,

Channa striatus), Sehari (Puntius -tieto, P. shbphére, P.

~sarana), and Garrahi (Noemachelius botia), These fish are
commonly scoopéd or netted from swampy ditehes with 1little
effort. Most fish eaught in river bank swamps or in rice field
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channels are also scooped by means of bamboo baskets and fish

pots.

y.3 Administrative Organization

The Government has built 12 fish farms, fisheries deﬁeldpment
centers and hatcheries in various parts of the country.

The government agency charged with the administration and
rapagement of fisheries was fbrmerly'thé Departmént of Fisheries under
the Ministry of Agricultufe. 'However, in a reorganization, fisheries.
activity was tpansferréd to the Fisheries Division'of the Department of
Agriculture, As this division is very small, it is presently charged
only with the full opepatidn of national projeets_and technical support

of the other fishery officers assigned to the - economic development

regions. Administratiﬁely, the¢ regional fishery officers and
teennicians are under the directors of the various regional
.dikectorates. . There are about 77 f1$hery personnel “in the cbuntry
including: . fisheries development ofricer35 assistant fisheries

development officers, junior technicians and “junior techrical assistants
(TABLE 6-4-4}.

On the other hand, in 1981 the Fisheries Statistics Unit (FSU)
was ereated_undef the Agricultural Statistiecs Division of the Department
of Food and Agrieultural Markéting Services (DFAMS) with the
responsibility of preparing for and gathering fishery data belonging to
both fish farms and their bperations and family members engaged in the
catching of fish from lakes, rivers, paddy flelds, irrigation canals,

dams and barrages as their source of livelihood.

It appears that the present Fisheries Division is inadequate in
terms of number of ‘personnel and necessary authority to brovide
technieal and administrative support of the country's fishery potential,
As fisheries deveiopment ‘progresses -and external assistance projects
inerease, it is expeécted that this Division wiil be expanded and vested
with appropriate authority to be able to meet its funétions properly.
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.4 Prosent Status of Fisherieé

4.4.1 Capture Fisheries

| Capture fisheries in Nepal are'ﬁidely scattered and unoﬁganised.
. The Fishermen living along the rivers and lakes use traditional fishing
gear. To promote capture fisheries, three cold water fish "species;

namely; Brown Trout (Salmo gairdeii), Rainbow Trout-(Salmo trutta) and

Amago {Onchorhynchus rhoduras) were introduced on an experimental basis
without any Success. Presence of heavy silt is considered the cause of
failure, However, experiments on induced breeding of indigenous cold

water fish species suéh as Asala (Schizothorax/Schizothoracthys spp.),

Katle (Accrosochilus hexagonalepis) and Mahaseer (Tor spp.} have been

successfully carried out. Further efforts are being made to propagéte
the same on a mass scale for open water stocking to inerease production

of capture fisheries.

4.3.2 Culture Fisheries

Traditlohally culture practices were restricted to wealthy
Familiéa and the objective was delicacy of product and recreation rather
than direct economic return. Usually, farmers allow either flood water
into the ponds or stock spawn collected from rivers in their ponds

resulting in nominal production only.

Modern fish culture was initiated in the early 1950s. With the
selection of suitable fish species, .initial steps were taken to
construct a small and medium sized flish seed production cénter at
Pavawanipur and Godawari in the Kathméndd valley in 19606. Subsequently,
efforts were made to develop propagation techniques as well as to
identify pdtential locations for Fisheries Development Programmes in the
Teral Zone along with the establishment of other Fisheries Develcpment
Centers., At present there are 12 Fisheries Develépment Centers in the
country whieh are mainly engaged in pure fish seed produstion and
distribution of the same. As a result of quality egg supply and
exténsion sérvice extended by the public sector fish farms to those
concerned, an increasing number of people are practising fish culture as
a sidei Job., Recognising the potential of inland fisheries for
employmént genepation as well as ipeome, the Government has launched an
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Aquaculture Development Project with financial assistan¢e from the Asian
Development Bank and technical assistance from UNDP, The Project ains
to accelerate the development of waram-water fisheries in the 16
districts of the Terai Area and the inner-teral districts of the
Western, Central and Eastern Development Regions. The Projedt is alse
designed to strengtheﬁ'the production, reésearch and training facilities
in the public seator, '

The sub-sedtor Fisheries Development Programme presently covers
36 districts in the country. with production and suppbrt1ng services for
fish producers, To enhanée fish production in the country, attempts are
being wmade for mass appl1cat10n of polyculture from monoculture.,
Similarily, integrated fish farming with animal husbandry (especially
ducks and pigS) and with horticulture {especially bananas} has beenr

widely accepted by farmers.

Cage flsn culture is recognlsed as being economically viable in
the lakes of Poknara valley, Since 1978 pPiVate fish growers  have
undertaken cage fisn culture in Pokhara valley and the total volume has
reached about 12,000m3.  The Ageiculture Development Bank has been
providing credit facilities to accelerate fisheries development in ponds

as well as in cage fish culture.

4.4.3 Fish Species

Presently, the fish species being used for fish-gulture in Nepal
are the indigenous Indian Major Carp-~Rohu (Labio rohita), Catla (Catla
catla) and Mrigal {Cirrhina mrigala), exotie Chinese carp (Grass carp-
Ctenopharyngodon idella), Silver carp - (Hypopthalmichthys molitrix and
Bighead carp - Aristichthys nobilis) and the coumon ecarp (Cyprinus

carpio}.

N.4.% Current Fish Production

Fish production in Nepal 1in 1979/80 was- estimated by the
Government at 2,900t (TABLE 6-4-5). This is a. rOugh-approximatién as
there 1s no systematic collscbion of- Fisheries statistics in the
country. Out of this total, capture fisheries provide 2, 200t while 700t

comes from aquaeulture. . According to Government éstimates, capture
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f1sheries from rice fields in the Terai provide 1 600t/year {more than
half of total fish production) and constitute the largest source of fish
supply in Nepal. Aquaculture production mainly comes from private fish
farms (650t/year), and the remaining from Government farms.. In 1981/82
fish production was estimated to have increased to about 3,900t

e

including 1,700t from pond fish culture.

4.4.5 Production Target

Aquaculture  has the greatest potential for increased fish
production as there is ample opportunity to expand the area under
culture, and because pond yields can be suStahtially inereased by
improved management. = There is less potential fér.production increases
from capture.fishevies because production cannot be influenced by human

intervention 16 as great an extent as in aguaculture.

Targets for fish'production'in the Sixth Plan (1980~1685) include
a doublzng of total fish produotlon from about 2,900t in 1979/80 to
6,168t in 198&/85, ‘and an increase in productlon available for per
capita consumption from 225g in 1979/80 to 415g in 1984/85,

An ADB study team estimates that with a high level of investment
and development, 27,000t of fish can be produced annually in Nepal by
the year 2000 (TABLE 6-U-5). This can be compared with the current
annual production of about 4,000t,

h.5 Necessity of Aquaculture Development

4.5.1 Estimated Profit of Aquaculture

(1) National Benefit

In light of the present circunstances such as fuel and food
shortage, presence of cheap labor force, eto., agquaculture
development is considered as one of the major sources of protein
for food and for earning valuable foreéign exchange, However, at
present, the following constraints against the development of
fish culture exist due to the short history of fish culture in
Nepal.

a) absence of base-line studies on natural water

resources (rivers, lakes and reservoirs) for their
rational development;
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b) lack of studies on production potential of
indigenous fish spediés, etc) :

¢) lack of infrastructures in fish fly production,
research and training;

d) lack of trained and experlenced manpower 1n the
field of fish production and extension services:

e) lack of awareness anongst the rural-lnhabitants in
this new field of agriculture 'as they are
traditionally oriented to cereal orops only;

£) inadequate availability of iesources to expedite
: investrents for production expansion; : :

g) poor - management practices in private sector fish
culture; and, :

h) poor wmarketing faoilities, including inadequate

- roads, transportation system, markets, trading
centers, iece plants and/or cold storage, which
prevent products from reaching the market in good
condition, and thus farmers from getting fair prices
for their products.

'h{ﬁ__ Effects of Hydroelectrio Devélopment on Fisheries

§.6.1 Ecological Coﬁsiderations

The proposed dams and any downstream weirs for diversion of flows |
For irrigatiéon puvpoées will aet as béhriers_to fish migration. Since
data relating to migrating species, times of migration, hydrobiological
conditions necessary for migration and the numbers of fish migrating are
not available, only geneéral comments on the implications of such

structures and the reservoir can be advanced.

According to one report, exténsive seasonal migration of fish
accurs in the Bagmati River system. The summer fish ran occurs during
the early monscon (i.é. May and June) while the autumn fish run occurs
during September and October. Most fish migrate upstream during early
Juné to breéed in the headwaters. They remain there for about 3-4 months
before migrating downstreanm “as  levels recede during late autumn
(September and October).  With the construction of a high dam, the
upward migration of fish will be obstructéd but the major ecbnomically
important species like Catla catla, Mirgal and ﬁohu will probably adapt
to reservolr conditions.
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Another report suggests that the Tamur River has become the
favourite habitat 6f the Jalkapoor, which is favored by the local people
forllits delicious meat. The Jalkapoor migrates extensively moving
downstream to the Sapt Kosi In winter and upstream in May or June for

breeding.

Local upstream fishermen report that the number of'Jalkapoon has
considerably decreased  in recent years, particularly since the
construction of the Kosi barrage. Although it is equipped ﬁith a fish
ladder, the barrage still forms a barrier to the Jalkapoor, and local
fishermen catch tons of fish at the barrage every year. This may be one
reason for the decreasing Jalkapoor pOpulatioﬁ in the Tamur, Another is
the oacurrencé of frequent mud flows and major floods.

4.6.2 Eleciric Consumption for Aquaculture

Fish oculture facilities, especiélly those for modernh type
intensive aquac@lture; will require considerable electric machinery
and/or equipment for fish production, prihcipalg of which are pumps,
lights, ' ¢ompréssors, water Wheels, foﬁntains for - airation,

refrigerators, minerals, cutters and feed choppers.

.Accordingly, some amount of electrieity will be consumed by the
aquaculture industry., Estimation of the electric consumption on the
~ basic unit of aquaculture facilities, however, is very difficult at
present, because electric requirement will depend on the type of fish,
stage of growth, purpose of electrie machinery and environmental
conditions. Results of a sample survey of electrio consumption in the
aquacultube industry in Japan is introduced fér reference is estimation

of electric consumption and is presented as TABLE 6-4-6.

According to the said table, electric consumption per_énnum for
pond fish culture is about 100,000 KWh/hé. Aﬁ present, about 2,640ha of
ponds exist in the Projeot area. If these ponds were equipped with
electric faellities, about 26H1°6kWh of electricity would be required.
Furthermore, from the viewpoint of tobographic conditions and economic
profitability after construetion of the Kamla reservoirs, a number of
fish ponds could bé¢ established around the Kamla reservoirs, 1In this
case, electricity consumption would be substantial,
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4.7 Conclusions and Recommendations

With the exception of sOmé_river systems, survey of fish spedles
in the Project area has not been carried out in a systematic manner,
However, the river systems of Nepal providé habitats for_fvesh water
fish ranging from mountain snow trout (Asia) in the upper reéaches to a
variety of indigenous ¢arp in the lower sections. Nepal is blessed with
sufficient ﬁaten resources to permit fish production at levels which can
make a significant impact on the quality and quantity of food supply in
the éountry, and can also earn valuable foreign exchange. | '

The increasing trend towards hydropower and irrigatioh
development is sure to add more water bodies in future. According to
this study, about 31,000ha of dam reservoirs would be created at full

“developrent. These water resources should be developed in consideration
of ecological and economical fhétors. Recommendations for aquaoulture

development in Nepal, eSpecially in the Project area, are. given below.

(1) _As an urgent requirement, basic studies on water résources
for fishery development ineluding natural  fish ecology and
existing fisheries in the Master Plan Project Area should be

implemented,

(2} As the lack of existing data on the basie aquatic ecology
of Kosi and other river systems in the Project area makes it
difficult to assess the effects of hydroelectric project
development in the Kosi River Basin, more data should be

obtained.

In addition to the above, potential for increased fish production
exists through expansion as well as intensification of fish culture
practices. The followihg development program i3 therefore recommended,

First Step

(1) Janakpur F.D.C

- Breeding and fish seed distribution 6f warm water fishes (ex.
Indian Common Carp. etec.) :

- Combination of one or more other fish spécies in culture
practice with detatled blological and ecological study to
increase productivity per unit water surface '
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(2)

(3)

(4}

(5)

(6)

- Improved ~ feeding practices by applying techniques of
polyculture, intensifying c¢ultural practices with supplementary
feeding and by feedback from research and private sector fish
grovers to increase the production of fish to 2,000 -2,400kg/ha
per annum

- Development of aquaculture in the ever growing paddy Ffields
{Rice-cum-Fish culture)

- Development of fish culture in existing ponds, as well as
developing, new ponds in the Terai Area.

Godawapi F.D,C.

~ Breeding and fish seed distribution of temperate water fishes
(ex. chinese carp etec.)

- Manpower tralning for breeding and reproduction technologists

Pokhéra F.D.C.'

- Development of open‘water fish culture as well as cage fish
“culture in lakes and manmade reservoirs of the Terai Area and
mid-hills along with limnological studies

- Manpower training for c¢age fisheries

Trisuli F.D.C.

- Ecological and biological research on both foreign and
indigenous fish species in cold water (ex. Asala etec.)

- Testing and development of river stocking in hilly and mountain
areas

Hetauda F.D.C,
- Research and extension of integrated Tfish production with

livestock and horticulture {ex. fishery with duck farming)

Fatepur F.D,C.

- Development and extension of organization and management of
fishery associations or cooperatives through trial at selected
panchyats in Saptari Distriet, where a number of fishery ponds
are concentrated

Second Step

- Research and development of fish market, transportation and
cold storage and/or ice plant

- Research, development and training in processing of fish
products (ex. stockfish, smoked fish, canning ete.)

- Promotion of export to neighboring countries

VI -§5



Third Step

- Research and ~development of special aquaculture for export
purposes (ex, bullfrogs, crocodilés, soft-shelled turtles,
ete.)
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5. Tar Irrigaﬁion

5.1 General _

" Due to the shortage of idle land in the new reclamation area,
agrieultural development is mainly focused on increasing crop productivity
and eropping intensity, Available land area has already been developed in
a marginal area. For example, in the catchment area of the Dudhu Kosi
River in the Study area, paddy is cultivated up to 2,500m above sea level,
and pasture land for animal grazing 1s'éxtended nearly to the snow line of
about 5,000m, Terrace fields including paddy land are devéioped in the
Hill Area reaéhing to the hilltopé. Some selected farmlands are bresently
provided with irrigation water in the form of tar irrigation, with ihtake
from local streams by small scale run-of-river type diversion ang along

the canal,

5.2 Present Conditions

Accordlng to the feasibility study reports cOnducted by the
Department of Irrigatlon, Hydrology and Meteorology under the Ministry of
Water Resources, 228 small and medium scale irrigation projects have been
studied whlch. cover 22 districts within the Mechi, Kosi, Sagarmatha,
Janakpur and Bagmat1 zones (FIG. 6-5-1}. The proposed area is about
131,000ha inoluding.a part of the Terai Area and the size of each possible
prbjéet area varies from 6-8,000ha. Among these proposed project areas,
as of 1983, a detailed survey has been conducted on 17 areas (TABLE 6-5-
1).

In the area of the above mentioned zones, 228 tar irrigation sites
have been listed, in which 105 sites with 61,000ha are feasible, while 20
sites with 30,000ha are provisionally feasible, In particularly, the Kosi
Zone with 29 potential project sites will be given speeial attention, in
view of the concentrafed development activities through the Kosi Hill Area
Rural Deﬁelopment Programme (KHARDEP) situated in the Study area. In this
connection, if more detailed investigation and study on tar irrigation is
vndertaken in the Study area more sites as a whole may be expected to be
identified,
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5.3  Tar Irrigation Development

- The success of tar irrigation systems depends on availabiiity of
water resources. Extension of canal aligament is also an important
factor to-control command area for the -same. Irrigation systems differ
depending on the topography; however, most of the same are existing plot
to plot systems.

Development of apﬁrOpriate téchnology for tar irrigation systems
using loecally available materials such as rock, bamboo and wood materials
is required for construction of necessary intake weir and extension of the
canal. For example, if the irrigation area is small a bamboo flume system

can bé considered in order to minimize the water seepage.

Another posibile irrigation system in the Hill Area could be the
combination of a pond and spriskler irrigation system, If small
irrigation ponds can be constructed in the upper sbtream and/or valley,
vinyl water pipes conneeted with plastic sprinklér fozzles would be useful
for sprinkler irrigation without water pressure when there is a 6-8m head

or more.

The system is very valuable for saving water pesources and soil
conservétion at low cost 'Similar sprlnkler irrlgation systems are
presently belng Operated by farmers in the Andes mountain area in South
America. Conditlons in the Hill Avea in Nepal are ‘very similar to those
of the Andes and as such the pond—sprlnkler system warrants model testing
as an initial development step. The system should be tested by the
Government at solected model sites in the Hill Area, '

It is pecommended that operation and ﬁéinbehaﬁce ‘of frrigation
faoilties including rehabilitablon of existing canals and 1ntake weirs be
handled by water users associations. In this cOnnection, formulation of
the opbimal unit seale of each association should be considered fron the
viewp01nt of Operation and maintenance in terms of size of benefit area
and distance for field management,

5.4  Further Study

Uhdergthe'development plan, bhe'envisaged irrigable area will be
increased on the downstrean side ‘of the prOposed dam site with an upward
water table after construction of dams, Therefore, tar irpigation study
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in the Study area will be limited to unirrigated faramland located in the
downstream area of the dam gite and around the danm reservoirs, The
following ftems outline the major concept  for further study on tar
irrigation.

a) fdrmulabion of a 1:2,000 scale map for the
proposed sitej '

b) delineation of irrigable area for gravity
“irpigation according to reservoir lsvel at the
proposed dam site;

¢) fixation of possible canal alignment;

d) comparison study on unit water féquirément
conveyance loss and field loss in the plain and
hill areas; :

e} study on 1lift irrigation using electric motors
after construction of hydropower stations and
dams;

f) evaluation of the suitability of the plot to plot
irrigation system and overflow irrigation system,

g) formulation of drainage system design; and,
h) pond ang Sprinkler irrigation system trials.

Project formulation will be studied from technical and economic
aspects, The tar iﬁrigabion project, 6n the other hand, should take into
account soil and land conservation. Generally, in the Hill Area, distance
between farmers' residences and farmland substantially affects farming
praotiées. Theréforé, irrigation areas should be formulated in
consideration of the expected time spent in the fields as well as in

travelling to and from the same.
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TABLE 6-1-3 ESTIMATION OF SPECIFIC SEDIMRNTATION
IN THE RESERVOIR BY VARIOUS METHODS

River

Area

Sapt Kost

61,000xm?
100¢

Sun Kosi
19,000kn2
31%

Arun

36,000km?
59%

(n3/kml yr) _

Tamur

6,000km2
104

Tanaka
Formula

Hypsographic
coefficient

(x)

Use of
the formula
for . '
gneissgs
(m3/km§hr)
Specif1c
sediment
yield:

Qs (m3/km2yr)

Discharge
vs suspendéd

bed material
concentration

Upper bound
© measured
suspended
sediment
" load chart
of Japan

- Meyor-Peter

R.S. Vershney
formula

Recorded
measurenents
in India

Milos Holy
formula

Recorded
measurenents
of sediment-
ation
in Japan

259. 9533’

Qs:=9.0X-524

=9,0x259.953
521

=1,816

1,850

2,078

1,997

1,576
837

1,500

1,583

280

(Tenryu Biver)

Sedlment
discharge of
disasters
in Japan

768

212.538%

/

Qs=9.0X-524

=9,0x212.538
=524

=1,389

1,400

1,303

1,166

1,358
1,138

2,000

2,324

500

1,121

273, 16727

Qs=9,0X-524

=9.0%273.167
~524

=1,935

2,000
183

183

832
961

1,700

920

350

1,000

330,814/

Qs=9.0X524

=9,0x330 Bk
-524

=2,453

2,500
2,640

121

6,947
1,538

2,800

3,440

1,200

1,909

1/ The caleculation is based on the aréal pr0p0pt10n of Sapt Kosi to the
" total area of the Sun Kosi, Arun and Tamur rivers combined.

2/ The figure is based on the respective basin area,
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TABLE 6-1-5 - PREVIOUS REPORTED SEDIMENT YIELD FPOR DESIGN

_ Specific
Reported Date Catchment Area Damn Sediment
m3/km2/yr
Japan, 1982 31,000 Sapt Gandaki 2,800
India, 1981 61,000 Kosi High Dan 1,U30
{Sapt Kosi)
China, 1972 2,340 Sun Kosi 1,795
Power Staticn
Japan, 1983 156 Kulekani 700
Canada, 1982 5,640 Mulghat 5,093
Japan, 1972 © 1,550 Kamla 1,820
Switzerland, 1977 42,890 Chisapani 2,098
TABLE 6-1-6 COMPARISON OF SUSPENDED SEBTMENT-
LOADS DERIVED FOR NEPAL
Catchment Load
River Leocation i;ga m3/km2/yr Reference

Seti Phoolbari 582 3,290 this report
Trisuli Betrabati 4,110 660

Karnali Chisapani 42,840 2,220

Gandak Bhaisolatan 36,000 3,275 30
Kosi Barahkshetra 59,000 2,083

Sun Kosi Tribeni 19,230 2,818

Arun Tribeni 36,533 g7 1
Tamar Tribeni 5,900 5,016

Kosi Chatra 61,600 1,880 22
Rivers of Himalayan region2/ - 2,638 18

‘/ Gandaki RiVer Basin Power Study, Basin Study P. HH.,

Volume 1, Main Report, 1979

2/ This is the mean total sediment load (adjusted for bedload and
deficlencles of suspended sedimént sampling of 21 rivers),
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TABLE 6-1-7 DETAILS OF LANDSLIDE AREA

Deseription Number Area
I. - Tama Kosi River Basin
- relatively distinet landslide 45 17.3kn?
- indistinet landslide 152 32.9%m2
Total ' 197 50.2kn?
-~ large landslide
indistinet 2, 8kn?
distinet _ : 2.7km?
- average site area/landslide . 0.25km? (=50.2/197)
11, Dudh Kosi River Basin _ :
- relatively distinet landslide 45 16,8km2
- indistinet landslide 89 12, 2%m
Total 134 23.0kn?
-~ large landslide
distinet 1.03km2_
indistinot _ : 1.00kn?
~ average site area/landslide 0.17km2 (=23.0/134)
IIT. Arun River Basin
- relatlvely distinet landslide ' 18 3. 3kn?
- indistinct landslide - 34 6.5km?
Total 52 9 .8xm2
- large landslide .
indistinet - 1.7km2
distinet - 0. 7km2
- average site area/landslide 0,19kmZ {(=9.8/52)}
IV, Tamur River Basin
- relatively distinet landslide 19 2.3km?
- indistinet landslide 39 5. 3km?
Total 58 ‘ 7.6kn2
- large landslide
indistinet 1.03kaw?
distinet | - | 0.59km®
T avenage 3ite area/landslide ' 0.13%n {(=7.6/58)

Note: 1/ In the landslide site maps a relatively distincb landslide site
' is depleted in red while an 1ndistinct landslide site is shaded
: pink- . :

2/ Eaeh landslide site is attached with a serial number (Site No )
to permit correSpondenee between the 1andslide site map and the

~ eorpresponding table,
3) The photographic map secale is approximately 1/80 000 except that
‘a 1/20,000 scale 13 used for parts of the Arun Biver Basin and

the Tamur Aiver Basin,
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TABLE 6-1-8 LANDSLIDES IN THR KOSI BASIN

River . Sapt Kosi  Sun Kosi fAvun Tamur  Remarks
Term '
. Catehment
A Area 61,000 19,000 36,000 6,000
(km2) _
Investigation :
B Area 3,054 2,160 840 54
(xm2) _
Results of Tama Kosi
c Investigation ulq 17 18434252 19+39=50
nurmtber of landslides Dudh Kosi
134
Landslide . tama Kost
(km?) 5
. 3.0
Landslide
- Area of Unit 0,205 0,221 0.188 0.129 D+ C
(kr?/place)
Landslide
Point of :
7 Unit Area 0,144 0.153 0.0619 1.0741 Cs+B
(place/km?)
Expectation
of Total
Landslide
G Apea in 1,801 bYy2 119 831 FxExA
Kosi Basin
{km?)
Ratio of
Landslide
Area to 2.95 3.38 1.16 13.85 ‘f;g%x
H Catehment
Area (%)
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TABLE 6-1-9 POPULATION IN THE STUDY AREA
o : ' . Annual
1971 ﬁ 1981 Growth rate
Mountains _ . : :
L Hills 2,296.271 2,631.232 1.37
Teral 2,218.533 ' 3,310.103 1,08
Total i,514.8 5,941,335 - 2.70
TABLE  6-1-10  LAND USE IN THE STUDY AREA IN {982
Physical Area Cultivated Land
(xm?) (km?)
Mountain 10,140 455  (4.36%)
Hills 20,370 5,783 (28.2%)
Terai 10,864 7,281 (67.0%)
Total 41,674 13,479 (32.3%)
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MAXIMUM RAINFALL RECORDED IN THE TERAI AREA

TABLE 6-2-1
(1971 - 1980)
{mm/28hr)
Station 1111 1114 1319 :
Index JANAKPUR HARDINATH BIRATNAGAR

Year AIRPORT AIRPORT
1971 79 (Jun 11) 99 (Jul 10) 121 (Jun 2)
1972 150 (Jun 25) 100 (Aug 10) 142 (Sept 26)
1973 132 (Jun 15) 148 {Jun 15) 145 (Aug 5)
1974 82 (Aug/3) 107 (Jul ) 202 (Jul 2)
1975 135 (Jul 27) 1 (Jun 25) 159 (Jun.16)
1976 229 (Aug 19) 168 (Aug 19) 128 (Jun 16)
1977 98 (Jui 20) 68 (O¢t 6) 155 (Jul 20)
1978 168 (Jul 16) 198 (Jul 16) 148 (Jul 20)
1979 68 (Jun 21) 111 (Aug 14) 146 {Aug 21)
1980 45 (JUL 29) 68 (Sept 21) 146 (Sept 21)
Note: Brackets indiéate recorded date,
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- TABLE 6-2-2 RETURN PERICGD

\ ' Maximun Standard Return Perlod
Iggﬁx Order Pre¢ipitation 24wt
* {1 {mm/2Hhr) SN X 100
1 229 _ . 5.0
2 168 : 15
3 50 25
No. #1113 ) 135 15
JANAKPUR 5 132 L
ATRPORT 6 g8 55
T 82 - 65
8 19 75
9 68 85
10 g ' 95
1 198 5
2 168 15
3 L] : 25
: b -1 . - 35
No. t114 5 11% ys
HARDINATH - & 107 55
7 100 65
8 99 75
9 68 85
10 68 g5
3 2035 5
2 159 15
3 155 25
No. 1319 y 148 35
BIRATNAGAR 5 146 i5
AIRPORT 6 e 55
T 145 65
8 142 5
9 128 85
10 121 95

Note: N = number of record years; 1 = Order
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~ TABLE 6-2-3 REQUIRED QUANTITY OF GADION
. Extension v Va Vi+V2

Section (m) (m§) (m3) (m3)
Right bank 2,500 87,500 1,050 88,550
(FIG. 6-2"7)

b -e 13,800 227,725 h,800 232,625
{(FIG. 6-2-T)
[.eft bank and _

residential 1,500 30,188 - 30, 188
section '

Total 16,300 345,013 5,950 351,363
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TABLE 6-4-1 WATER RESOURCES AND ESTIMATRD AREA IN NEPAL

- Types of Estimated Area Additional
Water Resources 1983 (ha) Projected Area (ha)

1. Natural waters

a) Rivers 395,000 -
b) Lakes 5,000 -

T e) Reservoirsl/ 750 78,00031
2. Ponds _ 5,000 1,000
3. Irrigated paddy fields 198,481 _ -

1/ Estimated to be completed By the end of 1982,
2/

- Gandaki River Basin Power Study, 45,000ha
- Bagmati Multipurpose Projéct, 9,000ha ,
- Chisapani Hydroelectric Project (Karnali River), 24,000ha

Source: DOA, Fisheries Development Division
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TABLE 6-U-2 RXISTING PONDS IN THE PROJRCT AREA

Total No. Total Area Average Size of Survey

Devélopment
Region & Distriet of Ponds (ha) Water Body (ha) Year
Eastérn
Development Region
t. Jhapa 256 118.50 0.46 1979
2. Morang 286 113,488 0.40 1978
3. Sunsari 352 70.38 0.20 1978
4. Saptari 1,480 597.50 0.33 1978
5. Siraha 1,062 420.36 0.40 1977
Central
Developrent Region : _
t. Dhanusa ' 1,587 _5“8.51 0.35 1974
2. Mahottari 1,082 614.70 0.57 1974
3. Sariahi 395 258.83 0.65 1976
Total 6,500 2,642,202 0.41 -
Hepal Total 10,317 5,700.00 0.48

Source: Fish and Fishery Development in Nepal, 1983'
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TABLE 6-14-3

PROJECTED DAM RESERVOIRS

Name of Reservoirs & Pondage

Area of Water Surface (ha)

1. Sapt Kosi High Dam 14,000
2. Sun Kosi No. 1 3,100
3. Sun Kosi No. 2 5,500
4, Sun Kosi No. 3 2,500
5. Dudh Kosi 330
6. Tamur No. 1 (Reservoir type) 300
7. Tamur No, 2 200
8. Tamur No. 3 200
9, Tama Kosi No, 3 120
10. Tama Kosi No. 4 100
11. Indrawati No. 1 120
12.'Kam1a Reservoirs 4,400
Total 31,170

VI - 61



PANITHOTIRY JO WLMIIREG] ‘UDTETATE JUSRIOTEASD SOTJOUETZ :edJmog

Ty
COTINATIIRTD Dedd Fuelyeday ‘eyvdoioaaty ' Tusedueyy
stz puw Furpeaddg | 2 L 03's TRINATNOTJRY TRUOTROY UdosseN Jug ‘ugen TReeETeds 0t 2L
UCTIRY AUMGUGOLRAR] Uwarduey, 8]
TOTANATIIOTD PR . . Tunadug
ety pue Fuvpesag I Z L 102 §38u03084TY TRINGTNOTLEY ﬂcco.nwvm. Gadqevz tandoyny Jndeswy ..o.aq.m R ¥
UOTINATIISTP PeRe BARICIORITE TEINSTNOTURY TRUOTIRY UJeieng TJEeung :
qety puw Fuypesag L L i 0L*E ‘UOTIEYS YOJBOSSY TRINTONTLOY wJwywlul  wuwguau] CRIWQRJIEY ‘T0°Q'd COL
Tuepuwdny
‘ragRLTRNg
UOTANGTLITR Deow WIRUNOG 4 11
u9TI Puv Furpesdg | ¢ g 09°pL  "e4Ra0ideq TEJNGTROTRY (EuoYBoy Uuejaey | -340QINUY wgnteg “0p0eta 6
Rl :
’ ’ , ST ‘e wdOadedig ‘eaemod )
T Auendhresep WA ] il n oE*0 TRANGINOTLY TRNOTERY UaRLeeN ‘wupreg IO 30 gd %
- WOTSey uUeudoTass] UJBjaEN
uoTIeE3YTH pue JOMTTUD .
UHTINPOIC Uty 2 Z 1 0098 IVICIDAIYC TRANIINOTIRY TUUOTIaY TRJIUSD ‘wIepueng waBpUERg ‘tocgty L
Andummeday )
’ . ‘epnwiey {wpnesey) Aetdrd
Bepyenpoad yeTg z € I oL-ge 99820308277 TUSNITNCTARY TOUOTFOY TwJiues fhetdrd maw g UETS [VIoJeTWO] ¢
GoT3onpead yETy puw
USTHNQTIIETP PeeR venuwyg
uess vuw Furpeedag 2 £ i 0L $RJ0ADNITY TRANGTNOTUTY TEUOTROY TESUSD tandyeues tdyeuwp ot S
UOTINQTIINTD Doos . eRIRy
4¥TZ PUT Fuppesdg ' L L 092 ARdTuesLEd ‘UOTANGS TRJLNATNOTLEY ‘undtueaded Jndrurageg o2ty n
T metywe : g 30Ny -
TRINATTIRANS TETS . | L L 9071 SIRUIOIVRITQ [RANITIOTJLRY TRUOTIRY TEJQUS)  CTINGT.Y TURRAL TD7gg "€
YOLINATIANTE: peed : . npueiT B .
Yoz pur Sutpesdg b 4 b g2z S5UNOIDASTQ. TRANGTNOTARY TVUOTHeY TRJIUNY ‘nfeteg nfRTEE ‘AIeuSIvH ety "2
CUeTINATJIIETD peas . . and3pTe] .
ueT; pue Furpeedg 2 # 1 pg°2 RPUTTUSEY ‘Y0Q UPTSTATZ SRTJRUSTZ  ‘TJEMEPOD TaemEDED *20003 CL
S I Y T T : ” :
uoTImS-J0 eeodang  Cmpy DuUw wIp o 6 eowgang TOITUOY SATARIIQTUTWRY UOTREDOT WV USTS SO emuy
. Jo DN 30 oy u i J04EY
(861 JoqUenR] JO SY)
TV NI SOIVd BSYR INDINHACD DRIISTXI f=%=9 IMEYL

Vi—-62



TABLE 6-l4-5 PRESENT AND POTENWIIAL FISH PRODUCTION

" (Unit: t)
Production 1979780  1981/82 1/ 198u/85 2/ 2000 3/
1. Capture Fisheries
‘a, Rice Fiels S 2,200 2,200 2,200 4,000
Rivers & Lakes _ :
b. Reservoirs - - n.a. 2,500
2. Aquaculture
a. Ponds _ 700 1,700 n.a. 18,000
b. Cages - - 50 500
¢. Rice-cunm-Fish : 18,000
3. Total Production 2,900 3,900 6,267.5 26,800
4. Production
Available for
per Capita
Consumption (gr) 225{gr) - 415(gr) -
Source!

1/ Fisheries Development Division, DOA
2/ The Sixth Plan (1980-1985)
3/ WNepal Agriculture Sector Strategy Study. ADB, 1983
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TABLE 6-~4-6 BLECTRIC CONSUMPTION OF AQUACULTURE IN JAPAR

No. of Area of Elestric ‘Electrie :
Fish Saé les Pond Capacity  Consumption Seientific
(oAnP of Facility per annum Name
(n?) (kwh} {kwh)
Eel 19 407,652 931 1,854,759 Anguilla japonieca
Smelt (Ayu} 21 8,349 1,066 },388,8482 Plecoglossues altivelis
Carp 27 242,074 326 1,067,907 Cyprinus spp.
Trout 17 1,664 301 746,911 Salmo spp.
Goldfish 5 33,729 26 135,403 Carassius auratus
Snaphing '
Turtle 5 1,500 5 1,606 Amyda sineusis
Others 7 46,726 84 270,946
Total 101 821,694 2,719 8,506,404
~ (82 ha)
Average 8,136 33.9/ha 103,737/ha

Source: Sample Survey of Electric Consumption in Aquaculture, 1971

Association of Agricultural Eleotrification, Japan
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