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1.

GENERAL

This volume constitutes an integral part of the Final Report of the
Feasibility Study of Arun 3 Hydroclectriec Power Development Project
(Arun 3 Project). The study was conducted by Japan International
Cooperation Agency (JICA) with a study period from March 1986 through
June 1987,

The present study is focussed on the selection of the optimum access
road alignment and constructability based on limited field survey,

aerial topographical survey and available maps on various scales.

On the basis of Apreement signed by JICA and NEA dated 12 December
1985, the SEudyITeam carried out: (a) overall site survey, (b) corridor
selection, (C) 1:10,000 scale topo-map preparation, (d)} river crossing
site study and preiiminary design of appurtenant bridge structures, (e)
preliminary design of typical road cross—sections and slope protection
works, and (Ff) preliminary estimate of comnstruction cost and time
period. Furthermore, in the course of the survey period, NEA also con-
ducted a study the results of which were compiled into a field report
and handed over to fho team. 8aid field report includes (a) general
site survey, (b} corridor selection, (¢) 1:5000 scale topo-map, (d4)
0&D survey, (e) preliminary design of road cross-scction, (f) prelimi-
nary design of bridge structures and slope protection works, and (g)
preliminary estimate of project cost and construction period, This
Final Report incorporates the findings of both the Study Team and NEA

surveys,

A major drawback to the development of the Arun 3 project is. the lack
of adequate traunsportation facilities. The closest road to the Arun-3
project site terminates at Nile. Although in the previous studies the
Arun 3 hydro power project has proved to be economically feasible with
the cost of the access road construction included in the construction
cost of the project, a technical feasibility is required to be per-
formed to identify the best alignment and the cost of the conatructiion
with the accuracy correspoading to the accuracy of other structures.

The present study is to fulfil such requirement.

The proposed rcoad is an absolute and necessary precursor to the deve-

lopment of the Arun 3 project., Without the road it is not feasihle to



undertake the massive construction of the dam, powerhouse and support
facilities. Without power development, the road has a rather low
development priority within the Nepal road network. The majority of
any alignment lies within Sankhuwasabha Districk, the headquarters of

which is Khaandbari..

The subject road is envisioned to comprise a portion of the planned
north-south trunk road through the regiqn. Development of the Dhankuta
to Khandbari section, which constitutes a wmajor portion of the proposed
access road route, is contained in HMG's Scventh Five Year Plan dated

June 1985,

The plan statement, relative to the inclusion of the HilémKhandbari
section, is ".,. Steps toward construction of this road will be taken
in coordination with Arun 3 hydroelectricity project, te be launchéd at
the Num Khola confluence, as the former is expected to bolster the

latter",



2. STUDY AREA

Z.1

General

The roadway study area lies in the wnorthern 20 km of Dhankuta bBistrict
and southern 50 km of Sankhuwasabha District. It is bounded on the
cast by the ridges scparating the Arun drainage from that of the
Tamur, and on the west by the Arun River, a swath approximately 30 km
wide. The elevatlon ranges from a low along Lhe Arun river in the

south of about 300 m, to a high of 3,000 m,

The total area of Sankhuwasabha District is 3,480 km? with a popula—
tion density of 37,2 person/km? (1981). Approximately 45% of the
total area is forest land while the arca under cultivation is about
9,000 ha.

In.additiou to‘Hiie, principal population ceanters of the area are:
Chainpur with”hﬁﬁﬁ, Pakhribas with 2893, and Khandbari with 2554 inha—
bitants, Chainpur is the former distriet headquarters, now replaced
by Khandbari.. Hile-Piluwa-Tumlingtar—-Khandbari 1s the only main trail

for the passage of porters. There are no accommodating facilitles for

. travellers and. trekkers beyond Khandbaril.

Topography

The Arun river runs very nearly north-to south, Numerous drainages
run east and west resulting Iin a series of ridges and valleys., These
are crossed by trails which following neither the river nor the ridges
dividing the drainage. Slope of the hillsides is generally about 34°,
although there are many outeroppings of rock, particularly in the
northern portion along the Arun viver, Also found along the Arun

river are lengths of relatively flat river terraces approximately 5 m

" above the water surface, These terraces are invarlably farmed.

ﬁillsides,_although steep (20 to 30°), are terraced for farmlng at

places of which water is available from the many rivulets,



2.3

Hydrology

The Arun River falls rather rapidly at an average rate of approxima-~
tely 7 m/km. A velocity of 2 to 3 m/scc emphasises the awfully power
of the Arun river, The average veloclty poses, to some degree, the
design problems of placing a road adjacent Lo the river, for some
reaches are quiet with stable sand banks and deposited sand bars,
where the velocity is probably less than 1 mfsec, certainly so durieg
low and normal flow. Puring flood flow, however, the higher veloci-

ties will occur, resulting in high erosive forces.

Within the study arca are several significant Kholas. The largest of
these 1s the Sabhaya with a drainage area of 345 km2, Other major,
although smaller drainage hasins include: Piluwa, Mangmaya, Leguwa,
Kenwa, Suki, Kaguwa and the Hinwan Khola., The Hinwan Khola is a
branch of the Piluwa Khola. Both the Hinwan and Mangmaya are signifi-
c#nt when considering a hilltop alignment and they join together
baefore crossing the rlver alignment alternative, thence flowing into

the Arun River.

Hydrologic considerations are concern in alignment selection. A low
aligument, such us a river-side route, will require more and longer
bridge crossings of drainages into the Arun river than a high ridgetop

alternative.

The three principal dralnages and thelr characteristics for a 50-year

design peak discharge are:

Tahle 2—1 The Three Principte Drainages

Stream Drainage | 50-Year Deslgn Estimated Bridge
¥ ) Area km? Discharge m3/sec Jength Required m
Sabhaya Khola 345 1225 120
piluwa Khola 141 612 90
Leguwa Khola 35 208 70

"The FKenwa, Suki and Mangmaya Kholas are expected to have drainage
areas no greater than the Leguwa and require bridges of similar length

of less than 60 m.



2.4

Gaology

The Study arca lies on the cast bank of the Arun River, which starts
its course within the Tibetan plateau and ruans southward traversing
the main Himalayan Range (the Higher Hiwmal), forming a deep valley and
subsequently crossing the study arca bnto the Ganga basin-Terati

region,

The geology of the study arca is composed of Midland metasediments and
overlying Himalayan gneiss bounded by the Main Central Thrust,
Lithofacies of the Himalayan gneiss and the Midland wmetasedimeats in

the study arca are as follows:

Himalayan gneiss: granitic gneiss, augen gneiss, banded gneiss,
micaceous schistose gneiss, garnetiferous
schistose gneiss, guartzite, crystalline

limestone
Midland metasediwents: phyllite, banded limestone, guartzile

Generally, the Himalayan gneiss is massive and compact except for the
intercalated beds of schistose gneiss, Thinly laminated phyllite is
the main member of the Midland metasediments. Phyllite in the avea is

foligted and appears to be rippable in most of the outerops,

The éeostructural setting of the area can be summarized as younger
dmetasediments overiaid by up-thrusted older gneiss, 0ld compact
gneiss forms steep topography aleng ridges, while less compact metase-
diments form the rolling terrain along the Arum River. Tha arca
covered by the metasediments is limited to the gentiy sloped area
along the Arun River. Thia area, called the Tumlingtar Window by pre~
vious researchers, is surrounded by steep ridges of compact Himalayan
gneiss., © The thrust fault bounding the two geological units is the
Main Central Thrust and is considered to have been formed during the
Miocene age. Later stage deformation formed the major folding strue-

ture in the area.

Minor folding structures of the second order are common in the Midland
metasediments of the cast bank of the Arun River. Here, the bedding
plane (stratification) of strata varies frequently forming East-West

trending fold structures of the second order.

5.



The Hile ridge is located in the east wing of the North-South trending
major syncline, with a west-dipping geostructure, Therefore, the
west~facing slope of the Hile ridge is geologically unstable aund tends
to be damaged by slope failure. On the other hand, the geology of the
eas! bank of the Arun River is composed of east~dipping strata. Since
the dip of strata is opposite to the topographic slope, the aréa is

rather stable geotcchnically as schematically described in Fig. 2-1.

Judging from the geostructures mentioned above, the road alignuent
along the laft bank of the Arun River is geostructurally much more

stable than the alignment along the ridge.

Fig. 2—1 Conceptual lllustration Showing the Relation between Topography
and Geostructure for Road Construction
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(1) Mass Movement (Landslide)

The mass movement of weathered rock is quite common in the Study
area as 2 process of erosiom, The types of mass movement

observed in the area are slope failure and landslide,

Slope failure in this area is similar to 1andslip_an§/or debris
avalanche. This is characterized by abrupt and raﬁid falling of
the bedrock and/or weathered rock debris from the steep side slo-
pes into the valley. The movement of failure is rapid and lasts

only a short period of time.



Slope failure is mainly trigpercd by heavy rvain, but earthquakes
as well as human activity, wmay also cause failure. The steep
glope, where slope failures occur, is formed by the interactiom
of geostructurﬁl upheaval and erosion. Slope failure is con-
sequently a process of erosion. TIn places where erosion is very
active, slope failure wmay occur vrepeatedly in the same
topographic unit at the same elevation. The upper slope of the
failure and the area uearby will be the probable place of the

next slope failure.

Another mass movement in the area is creeping 1landslide,
Geologically, landslide occurs widely, but concentration of
landslide is -obvious in the phyllite-predominant zone in the
Midland wetasediments, as well as micaceous—schistose—gneiss zone

in the Himalayan gneiss,

Topographically, landslides occur in rather genily sloped areas.
The sliding mass 1s composed of soil and clay containing
weathered blocks of the bedrock, In the upper part of the
siiding'blbck; large boulders in so0il are common, while the lowetc
end of the sliding block {the slide front) is generally pebbley,
clayey soil. ‘The thickness of the sliding block seldom exceeds

20 m,

Landslide movenent is generally slow and active for a long period
of time. The main trigger of the landslides is considered to be
continucus rain, bul in cases where the slide front reaches the
river, river erosion causes continuous sliding by eating away the
toe. Most of the active landslides are observed along the main
river, suggesting that river erosion is the trigger of continuous

s8liding of active landslides.

The bedrock where landslides occur ordinarily includes either
clay minerals, or minerals easily altcecred to clay minerals,
Faults or sheared zone may permeate the groundwater to form clay

minerals,

The places where landslides occur are geologically controlled and

jimited and are seldom reactivated, Most of the old landslide



(2)

zones obscrved in the Study area are now stable and being culti-

vated,

The characteristics of two kinds of mass movement can he sum-

marized as follows:

Table 22 Characteristics of Slope Failure vs. Landslide

Distribution | Movement | Period | Main Trigger Imnunity
§1?pe Near ridge Fast Short | Heavy rain None, way,
failure occur again
Landslide | River side Slow Long WaghTout of Yes

i sliding fromt

Judging from the above characteristics of mass movement within the
study area, slope failure is hard to predict, and once it occurs a
road routed through such an area may be destroyed completely. On
the other hand, landslides may be stabilized using drain—béring,
pile~driving, weighting of toe, ete. Stability against mass move-

ment, therefore, again favours Lhe Alternative-B route.
Erosion

In general, Himalayan gneiss 1s resistant to erosion, while
Midland metascdiments are less so. Since the gneiss and the
metasediments are bounded by nearly flat thrust plane, the gneiss
tends to form Eopographical caprock surrounded by steep slope as

shown in Fig. 2-2.

Fig. 2—2 Conceptua! lliustration Showing Topographic Caprock
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The longitudinal profile of Mangmaya Khola is shown in Fig, 2-3

in which the geomorphic process is clearly observed affecting or
attacking the steep slope. The gneiss overlying widland metase-
diments is strongly affected by erosion, As a result, gneiss in

the vicinity of ridges is unstable,

An erosion front is very apparent in the area. The erosion front

is the boundary between younger stecp topography al the down

slope and gentle topography at the upper slope. Slope failure,
as well as landslides, have occurred in the past at the erosioun
Consequently,

extending to the upper slope. the upper

of

construction.

front,

slope the erosion front 1is wnot a proper site for road

In locating, however, the Alternative B alignment
from Pakhribas to the Arun River, it is possible to avoid this
unstable region stated, within a guideline of +6% descending gra-
an unstable area below

dient from Pakhribas. ‘There is, however,

Bogpani which will teund to keep the aligument sowewhat high.

Fig. 2—3 Longitudina!l Profile of Mangmaya Khola
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2!5

2.6

Mapping

The existing 1/50,000 topographical maps were first utilized for the
road aligoment study on the major alternative routes, namely (1) the
river-side route and (2) the hilltop (or fidge) route. A topographi-
cal map for the total arca of 180 km? covering both the riverside and
hilltop routes was made on a scale of 1/10,000 with a 10 m contour

interval From the ecxisting 1/20,000 scale aerophotographs. The said

"wap is based on the aerial triangulation method without a field ground

survey. The magnitude of error inherent to the method is tolerable
for the purpose of the alignment study., Finally, 1:5000 scale topo-
mapping became available to the Study Team for further refinement of
the studies including the optimum road route, and on the basis therenf
bridge structure study was carried out and construction quantities

were estimated,

Ground survey was conducted at the confluence of the Arun River and
the Sabhaya Khola where a bridge more than 100 m in length is required
to cross the Sabhaya Khola. A mapping on a scale of 1:500 was pre-

pared using the ground survey resnlis.

0&D Survey

The objective of the O&D survey is to identify present conditions per-
taining to the movement of goods and travellers back and forth between
the Terai plain in the south and the northern part of eastern Nepal

via Hile. A description of the survey is as follows,.
(1) Survey Method

The roadside interview method was adopted. The two types of
questionnaires utbilized are indicated in Apﬁéndix B. The first
type was applied to porters to determine items transpofted,
weight of loads, origin and destination of travel, etc. ‘The
sccond questionnaire was used in interview with all travellers to

collect gocio-eccnomic data,



(2)

(3)

(4)

(3)

Survey Perfod

The suﬁject O&b survoy was conducted over the 7 days period from
27 Juna to 3 July 1985. The surﬁey time was 16 hours continuous-—
ly for every survey day. Survey was conducted during the mlddle
of the ralny season and it was determined, on the basis of
results from other survey as well, that traffic load (both goods
and persons) was approximately the minimum that could be expected
throughout the year. This factof required careful coansideration

when projecting yearly average and peak traffic volumes.
Survey Site

Survey was conducted at the 5 locations of Hile, Piluwa,

Tumlingtar, Khandbari, and Manebhanjyang (see Fig., 2-4).
Data Collection

Data on movement of goods was obtained by primarily roadside
guestionnaire backed up by discussions with officials of Food
Corporation, Agricultural Input Corperation, District Technical
Office, District Forestvry Office, etc. as criterla for seasonal
adjustment of figures, Items transported were classified into 9
categorles: rice, oil, clothing, fertilizer, sugar, salt,
construction materlals, food and others. Filgures were collected

and totalled by means of IBM~PC computer.

Gollection of socio-economic data was by means of roadside inter-
view questionnaire as discussed above., Approximately 500 porters

were interviewed,
Survey Results

Survey was conducted at the five points shown in Fig. 2-4. "These
points are Uile, Piluwa, Tumlingtar, Khandbari and Manebhanjyang.
Results of survey are indicated in Appendiz B, As mentioned in
gection (4) above, fligures have been adjusted on the basis of
geagsonal factors, Sald adjustment is bhased on information con--
tained in the NHEA report "Dhankuta—khandbari Road"”, January 1986,

The subject report confirmed that the major portion of goods

w1l =



moving between Tumlingtar/Khandbari and the Arun 3 dam site

region travel the route along the Arun river,
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Fig. 24 Locations of Q-D Survey Stations
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3.

3.1

ALIGNMENT SELECTION -
Criteria for Allgument Selection

The proposed road will mainly function as an access road for the
transportation of constructlon machinery and materials for the pro-
ject . Construetion perliod is a critiéal factor. The road will even-
tually be upgraded to serve as a trunk .rdad in the .district, A
portion of the road will be incorporatéd into the future Kosl Highway
which runs through the distriet from north to sputh making a direct

route from the Teral to the Chinese border.

Criteria for the selection of optimum alignment are summarized as

follows:

® The road should be the most direct and, cost—-effectively, the shor-

test.,
The route should reguire minimum comstruction time.

° The district headquarter, Khandbari, should be either directly on

the route or be efferntively connected ko it by a feeder read.

° Where possible the road should he routed to avold creating adverse

ecological, environmental and soclo-economical conditions.

° Corridor selection should be made with due consideration to the
road's potential contribution to future development in the popula-
tion centers of Khandbari, Chailnpur and Tumlingtar on the east bank

of the Arun as well as Dingla and Bhojpur on the west bank.

On the basis of the above general criteria, specific selection cri-

teria are set out helow:

{1) Design and Construction Method whlch Minimize Implementation

Period

'he subject access road constitutes a critical pass for Arun 3
dam and power statlon construction., Consequently, road design
and construction method must be selected so as to minimize the

implementation period. The road must be completasd to 2z level in



(2)

(3)

(4)

(5)

1989 whereby the minimal necessary machinery and personnel may be
tranaported to the hydropower scheme site. lowever, such a level
docs not signlfy the final completlon of the envisaged road but
rather only a sufficient degree of access at this stage to carry

out construction of the said Arun 3 hydropower project.
Minimal Initial Investment

Study of available construction methods must be undertaken to
determine that which minimizes initial investment while still
ensuring road capacity to transport unecessary machinery and
material for hydropower scheme construction. One possibility is
a phased construction approach. Construction method must satisf{y
conditions of i) establishment of proper road width, ii) short

construction period and iii) ease of operation and maintenance,
Facilitated Operation and Maintenance

Road design must facllitate operation and maintenance such that
the access road may be continuously kept in a condition per-
mitting effective, safe and uninterrupted construction of dam,
power station  and ‘other hydropower scheme  components,
Furthermore, consideration must be giveun the fact that the access
road will cventually constitute 1n the future one segment of the
envisioned north-south trunk road for the region. 1In this light,
focus must be placed on stabilized operation and maintenance over
the long term and prevention of extended road closure due to

natural calamities,
Procurement of Adequate Construction Labor Force

Procurement of an ample labor force at the local leveél for hydro-

~power scheme construction must be readily possible.

Contribution to Future Economlic Development

Road alignment and design must be such that it may comprise anm
integral part of the nation's highway system, speciffcally the
envisaged ‘Kosi highway, capable of contributing to the future

economlc development of the surrounding area, Particular con-
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(6)

(7)

(8)

(9)

sideration should accordingly be given in road corridor selection
to the potential for promoting lndustry and commerce in the popu-
lation centers of Khandbari, Tumlingtar and Chalnpur on the east

bank of the Arun and Dingla and Bhojpur on the west bank.

Special Design Requlrements

Design must reflect special requirements 1imposed by the
topography and geology of the route. These include such design
parameters as road width, gradient, curvature radiuws, etec., It
must be horne in mind that the subject road is through extremely
mountainous terrain in the vicinity of which no other motorable
toads exist, and that said route will contail various difficulties
in construction. Also, due attention should be accorded poten-

tial damage from flood and GLOF from the Arun river.

Practicality of Construction

Deslgn must anticipate potential problems and difficulties which
may arise during actual construction. Accordingly, road corridor
selection must be made with proper attention to such design para-
meters as landslide and slope collapse dangers, and difficulty of
construction material and equipment transport characteristic of
mountainous areas, as well as optimum location of river crossing

points.
Environmental Impact

Design must mipimize potentilal adverse environmental impacts of

the envisaged road.
Geology

Design must ref{lect specilal conditions imposed by geology of the

route,

Field Reconnaissance

The Study Team conducted a limited field survey in the project areas

covering the dam site and powerhouse. Field observations were made
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3.3

mainly along the existing foot paths which pass through steep terrain,
Site reconnaissance along the river-side route between the dam site
and the powerhouse site was not possible due to obstruction by a
cliff.

Aerial reconnalssance by helicopter was the main means of observing
the overall topographleal features of the posslble route areas between
the south end of the Arun 3 project site, the. powerhouse and Hile,
Observations along the main trail cdnnecting Hile and Nue through
Piluwa, Tumulingtar, and Khandbari provided additional topographical
information. The Study Team also 1lnspected the exlsting road along

the ridge from Hile to Phidim 25 km northeast of Hile.

A summary of field reconnaissance including the results of the Field

Report is presented in Appendix A,

Alignment Alternatives

While locating a road in mountainous areas, two distinct possibilities
come up: follow the ridges or follow the streams, usually in that
order, since location nearly always works from the highest toward the
lower points, Morcover, ridge routes generally encounter fewer and
sméller drainage structures and the terrain is less steep. The ini-
tial corridor consideration is the ridge which coincidentially follows
a main trall from #Hile through Chitre to Chalnpur, Khandbari, .and
Fururu, where it leaves the main trail dropping to the powerhouse,
From the powerhouse, the corridor follows the Aruun, ending at the dam-—

site, This corridor is designated as Alternative A on Figure 3-1.

Considered a major advantage of Alternative A is approximately 25 km
of the Dhankuta (Hile) - Phidim road northeast from Hile, half of
which is completed and the other half of which is now under construc-—

tion.

A second principél corridorx, Aiternative B, runs northwesterly from
Hile, generally following the main trail along the river through
Leguwa Ghat and Tumlingtar. From Tumlingtar, the corrldor continues
to follow the Arun to the po&erhouse. A spur road is envlisioned to

give access to Khandbari; however, it is not a part of the Arun 3
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construction road and its deslgn is to be an inferior standard, i.e.,
as a feeder road. Between the powerhouse and the dam only one corri-

dor alternative 1is considered.

As 1is natural, subalternatives appear; that are intended to capitallze
on the strengths of the principal alternatives and to eliminate the
weaknesses. Such is the case 1In this study, as shown on Filgure 31,
with segments marked Ap, As, and Agq, all of which interconnect the
alternatives A aund B at thelr mid-routed points. Segment A; counects
Chitre on Route A with Teguwa Ghat on Route B, Segﬁent Ay starts to
descend heading towards the powerhouse after Khandbari on Route A.

Chainpur - Tumlingtar sector is labeled as Segment Aj.

Alternative A is iIntended to take advantage of the 25 km section of
the Dhankuta~Phidim road, substantially shortening the total new
construction required, This alternative results from a map study,
indicating that a climb of nearly 1,000 m could be eliminated by
following a wminor trail to the northwest from Pangma which rung more

or less along a contour before dropping to the powerhouse,

Although the Alternative B allgnment fcllbws the riﬁer, it deviates
either elevationally or laterally as much as 300 m for much of the
length. In the steep turbulent reach between the powerhouse and and
dam, the proposed alignment (alternatives A and B are commwon in this
section) sits high on the hillside following the approximate elevaticn
of the crest of the dam and tunnel adits, Below the powerhouse to
Chyama Khola, and from about 2 km above Piluwa Khola to Leguwa Ghat ,
the proposed alignments are most critical in their position, relative
to the Arun River. In these reaches, the high river water profile,

river velocity and effect on the banks 'should be checked.

Alignment Selection

According to the study of the alternative alignment shown in Figure
3-1, the choice for the selection of the best route includes major and
winor alternatlves; however, the minor alternatives were not con-
sidered as an objective for evaluation as their conditions of eva-

luation were the same as those of the major alternatives.
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Two routes of the major alternative as summarized in Table 3~) below,
i.e., the riverside route (Alternative B) (see DWG. ACR-2 through
ACR-29) and the hilltop route (Alternative A) (see DWG. Appendix D)
were selected and detailed comparative studies thereof are shown in

Table 3-2 for each component of the criteria described in section 3.1,

Table 3—~1 Two Alternative Routes

Major Al?gnment Designation | Transit Points | Route Length
Alternatives ) ‘ .
Hilo—Chitre-
Chainpur—
Hilltop route A Khiandbari— 154 km
e P/H-D/S
Hile-Tumlingar-
Riverside rfffe B P/H-D/S 115 km

P/H : Power housge site
D/S : Dam site

Hilltop Route (Alternative A)

The hilltop route originates at Hile, transits Chitre and Chaiapur to

reach Khandhari,

The wajor part of the hilltop route is located between hillsides and
nillteps. Any construction over this route will require a successive
large-scale cutting and backfllling operation. Ia addition, longer
extension of the road will be necessary to keep the nmaximum gradient
within 8% in the northern regions as the route passes through steep
valleys and over high ridges. It is very likely that paddy fields,
plantationé. and villages in the area surrounding the construction
site will be adversely influenced by the cutting soll treatment and
the draining of rainwater accompanylng the cutting and banking opera-
tibﬁ of the hilltop toute. The trail that follows the ridge beyond
Khandbari would be -the alignment for a motorable route deviating as
necessary to maintaln a reasonable gradient, Along this ridge traill
are_occasibnéi banyah and pine trees, as well as huts and tea houses,
fhﬁs'poéing possiﬁie adverée'effécts on the existing environment. A
pﬁblic drinkiﬁg water nipeline follows tﬁe trail. Further compounding

the difficulties of this route, there are topographically very narrow



places where the width 1s less than the planncd 7-meter roadway
requiring certain increase of the road lengih to find a suitable

route,

The”principal merit of the hilltop route is service to a greater popu-—
lation as it would pass through or wvery near to Chainﬁhf and
¥handbari. The riverside route, on the other hand, requires feeder
roads to serve hoth of.thesn centeré.- The riverside route, however,
has the advantage of allowing shorter feeder reoads for access to the

major population centers on the west bank of the Arun river.

Riverside Route (Alternative B)

As with the hilltop route, the riverside route uriginateé at Hile,
The Hile - Pakhriwas and Leguwa Ghat - Tumlingtar segments of the
route would follow ewxisting hill trekking paths, Along these
segpents, problems to be encountered would be basiéally the same as
for the hilltop route, However, as topography is generally more
gentle, gradient does not require the consideration that it does with
the hilltop route. As a result, compensation for dwellings, farmland,

foliage, etc. affected by road construction may be minimized.

A disadvantage of the riverside route.{s the need for major bridges,
including long spans across the Sabhaya, Piluwa and Leguwa Kholas.
Also, as the route would bypass heavily poﬁulated Chainpur and
Khandbari, feeder roads would bhc necessary to service these areas.
The primary advantage of the route is the fact that large segmernts of
the alignment would be along terrace of the Arun river, thereby faci-

litating design and construction.

From the viewpoint of future development of the region, the riverside
route is the best location in the terms of contribution to commercial
and industrial development in the major population centers on both the

west and east banks of the Arun river along the access road route.

In the case of both the riverside and hilltop alighm&uts, the route
between the power station and dam sites is the same, i.e. along the

left bank of the Arun at an elevation ranging from 500 to 1,000 m,.
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Fig. 3 -1 Alternative Routes
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Optimum Route (Recommended Alternative)

On the basis of field survey and study, alternative B (ALT-B) shown in
Fig. 31 is determined as the optimum route. Principal reasons are

given below.

a. Road length minimized even including feeder roads resulting in
shortest travelling time between population centers

b. Construction facilitated with conséqueut low construction cost and
short construction period inclusive of feeder roads

c. Gost effectlive operation and maintenance

d. Least vulpnerable to geological hazards with sufficlent safety
agalnst flood damagé

e, Availability of high quality construction materials

f, Teast cost for compensation and land aquisitidn

g. Least environmental lmpact

h. Alr access through Tumlingtar airport

i. Fasy access to major population centres on the west bank of the
Arun river through relevant feeder roads

j. Access rtoad construction for future power projects on the Arun
river minimized _ ‘

k. Most advantageous from the view point of the national development
context due to the high potential of providing a cost effective
road network for reglonal development consisting. of access road

and feeder roads

Alignment alternatives are compared in Table 3-2Z on the following
page, 'The table preseats a detailed comparison of the two alternative

routes on the basis of the criteria set out in a—k above,

According to the master plan for Kosi river development, there are six
power develoﬁment projects on the Arun river., The present'Arun 3
hydropower project corresponds to the Arun 2 and 3 projects set out in
the master plan. The originél Arun 1 project conétitutés a simple
pondage type power development scheme. High water level of the pon-
dage is 402.3 meters, hence some poriion of the recommended route of
the access route will be Inundated if the Arun 1 project is realized
in the future. The subject Feasibility Study concluded that even if
such eventuallty occurs, the attractiveness of the recommended route

persists based on the followiug reasons:

22—



3.5

a. The possibllity of dimplementation of the Arun 1 project 1is

cxpected to be in the far future,

b. Rerouting the presently recommended route to avoid inundation
would Dbe costly and counstruction duration would be oxcessively

prolonged.

It is therefore recommended that a partial rerouting of the access
road for the Arun 3 project be considercd at such time im the future
as said need may arilse.

Feeder Roads

As indicated in the previous section, although Alternative B is vrouted
outside the major population centers of Khandbari and Chainpur on the
east bank of the Arun, it offers better access to west bhank population
centers than Alternative A, However, construction of feeder roads
would provide appropriate access to all population centers along the
recommended route. In this section, feeder roads are studled in a

preliminary manner based on 1:50,000 scale topo-mapping.

Criteria for feeder road design ave:

{1) Capable of bearing truck traffic

(2) Serviceability to greatest population at least construction cost
Candidate feeder roads are:

{1} Route to Khandbari, designated as F-K

(2) Route to Chainpur, designated as F-C

(3} Route to Bohjpur, designated as F-B

(4) Route to Dingla, designated as F-D

The preliminary study results indicate that the above four selected
feeder road routes are most appropriate with the view that the linkage
with the recommended access road route along the river-side will
constitute an effective road network for contributing to the regional

socio~economic development.,
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As discussed above, Alternative B results in shorter feeder roads to
Dingla, Bohjpur, etc¢, on the west bank of the Arun in comparison to
Alternative A, as well as allowing for generally good corridors for
all feeder roads. The four feeder roads are descrihbed in Table 3-3

and Fig., 3-1,

In order to establish the rclationship between the recommended access
road corridor and cast bank feeder road roﬁtes, a rough célculation of
construction cost for cast bank feeder roads (F-K, #-C) has been made
and is indicated in Table 3-3. Possible alignments for these feeders

are shown in Fig. 3-2,
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Table 3-3 Description of Feeder Raoads

F-B

Boh jpur

Fig. 3-2

Dingla

15.8

Fig. 3-2

S — - o —
~—Heeder Road F-K P-C

Startlng Point No .99 No,.126

Station +100 +400

Ending Point Khandhari | Chainpur

Estimated 10.3 16.8

Length (km)

Estimated 1.5 2.3

Cost (Million US$)

Preliminary Route Fig. 3-2 | Fig. 3-2

Description on Gradient Gradient

the Route 37 to 12% ¢ 4% to 12%

Note:

— 3] -

Figure In table was estimted on 1:50,000 Map.




4,

4,1

DESTGN
Design Criteria

Road design is to be based on "Nepal Road Standards (2027)" published
by the Ministry of Works and Transportation of His Majesty's
Governmenlt, Design criteria are classified into geometric structural

standards and structural standards.

Soveral factors establish the specific governing design standards
including traffic type and volume, topography and service classifica-
Lion. Scctions 4 through 12 of the above document (NRS 2027) deli-
neate specific criteria for such detailed design features as speed,
gradient, horizontal curvaeture, lane and shoulder widths, right-of-way

requirements, structural standards, etc.

As indicated in Notes of Table 4~1, service classification refers to a
distinction among trunk, feeder, district, and city roads or streets.,
The service classification is the determining factor for design speed,
design traffic volume, etc. The Hile — Khandbari segment of the pro-
posed road will comprise one of the designated north - south highways
of the national road network and constitute the northern extension of
the Kosi highway. “The segwent is included among trunk roads planned

under the seventh five yecar plan of the Government.

The initial objective of the envisaged road is to enable construction
of the Arun 3 hydropower scheme. Accordingly, design criteria are
governed by the necessity of the road to be ufilized for rransport of

cquipment and material for dam and power station construction.

Proposed geometric structural standards for the access road are indi-
cated in Table 4-1, Structural standard conform to NRS criteria set

out in Table 4-2.

With future identification as a trunk road, design speed is
astablighed at 50 kph and maximum gradient is 8%. On the basis of 50
kph design speed, maximum radius of curvature of 70 w is recommended.
The absolute minimum radius necessary far hauling a 30 m long piece of
construction or power station equipment is approximately 25 m. The

existing Dharan to Dhankuta section typically features gradients of 8%
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and miniwum curvature radii of 25 m, Tdentical geometric structural
standards arc adopted for the subjeclt access road as indicated in
Table 4-1 and these valucs are considered sufficient for transport of

equipment and matevials for Arvun 3 hydvopower scheme construction,

Although the subject road is assumed to be eventually classified in
the future as a class I or class II trunk road, paragraph 4 of the

Working Policy of the Seventh Five Year Plan states:

"In order to make available road facilities to remote areas as
quickly as possible, even roads under highways will be first
constructed in the form of seasonal (cight months) fair weather
roads, and gradually be promoted to permenant fair weather by
constructing bridges and culverts repairs, and then, on the basis
of traffic density on the road, be promoted to gravelled and

black~-topped form."

This mandate may be interpreted as a guideline that the roadway prism
and structure width be considered in terms of a stagewise road imple-
mentation, with construction under the initial phase to establish a
class Il road, to he later improved to a class 1 road duriug phase

two.

In light of the above described national road policy, phased conétruc-
tion is¢ planned for the envisaged access road. The target road func-
tions and levels of road completion for each construction phase are
indicated in Table 4-3 "“Descriptions of Phased Construction of Access
Road", As discussed in more detail in subsequent section 5.1.3, the
major portion of road construction will be completed during the
Phase-1 (November 1987 - November 1989)., By the end of phase onc
construction, road completion will be sufficient to allow transport of
necessary equipment and material for Arun 3 hydropower scheme imple-—
mentation., In the Phase~2 (two years) end of May 1991, bridge struc-
tures and other morxe difficult construction aspects will be completed.
The miscellaneous and other works will be continued for phase-2.

Target date for final road completion is November 1991,
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Table 4-1 Proposed and Existing Geometric Design Criteria

R I R R O Y 7T TTWIdYR () | Gradient | Max, separ- | uinil Horiz. | Mini, Vert! | Sight |
Class | Road Terrain | Spaed Carriage~ Shoulder Hax, elevation Curve Radiua | Covve Leogth | Distavee
(km/hr) A () ) (n) (m) (m)
s et (RS [N iy sl i F EETRPYFRFETY. PR s e
F 50 5.0 1.0 5 5 100 50 75
AUCESS ROAD
ARUN 3 NYDROPOWER R 40 5,0 1.0 6 ) 1 35 40
PROJECT 7]
{PROPOSFD "} H 30 5.0 1.0 8 8 50 25 30
[R5Y F 120 2x7x3.% | 4.0-6,0 3 5 200
a o 0.0079v2 ast
1A | TRURK h) B0 | 4 6 R= IR L= oap 110
i H 50 ?x3. 54 " 5 8 65
F 100 3 E 145
£t reeosn®/ R 64 3.5 4.0 - 5.0 6 6 " " 85
.| 40 7 7 45
¥ 60 5 5 85
LitL pisTRICTS 3 40 3,58 3.0 - 5.0 6 6 " " 45
H n 7 7 30
Hotea: 1/ Newly propused lor Aceess Read of Arun 3 llydrepower Project. Abbreviations

2/ As per Hepal Recd Stawdarde (2027).

Trunk Read - (Rajmarg or National Highway)

These serve directly the greater pertion of the longer distance
travel, provide consistenlly higler level of service in torus

of travel speeds, awl haar the inter cowmunity mobility (cegional
interest)., Theae rond slall he the wain arterial rooles passing
through the length & breadth of Lhe countey az a whele,

Feeder Road

These 1osda gre important to travel of a localised nature than
that which trunk rosds are intended to serve, Thase serve the
commnnitica wide interest snd coanect jrportant Lowna districtse
and zonal headquarters to the Tiunk roada,

Digtrict Road

This cleys of roed consisting of all ronds not defived as trunk
or feeder & city roada, sarvea primerily by providing access to
abutting lawl careying little to thorough sovencent.

These roads serves a8 collector to the forder ronds. Theae roade
should give access to one or mace villages ro the nearest wmarkel
or to higher typra of roads, Hoderate travel apeada are typical
on such roads.

— 34—

F: Flat
R ! Rolling
M : Hewntainous

Radius of curve

: Length of vertical curve
: Design speed

: Co-efficient of friction
i Algebraic difference in

approach grade percent
i Sight distance



Table 4-2  Structure Design Criteria

Structure

Standards of Loading

Major Bridge

Medium to Minor
Bridge & Culvert

HS20-44 or IRC~Class A or
any other equivalent loading

HS815-44 or IRC Glass A or
any other equivalent loading

Temporary Structure

HS15-44 or [RC-Class B or
any other equivalent loading

Table 4~3 Descriptions of Phased Construction of Access Road

Phase Designation Function Traffic Design Crileria
Carriage way for . Bulldozer Road width
. . fransporting road con- . Power shovel | % 3,5M
Pilot Road siruction equipment & . Earthwork
materials equipment
Capable of transporting | . Cargo truck
various kinds of . Trailer truck
Phase - 1 construction machinery, | . Construction | See Table 4-1 &
Temporary materials & personnel nachinery 4-2
Nov,, 1987 | Access Road | for access road and (Road & hydro-
ta main hydropower con- power coastruc
Nov., 1989 struction tion equipment
_ and materials)
2 years . Road con-
struction
equipment
Temporary and material
Bridge As same as above See Table 4-2
. Rydropower
construction
equipment
and material
Phase ~ 2 . Completion of permanent All kinds of | See Table 4-2
~——————- | Bridge bridee .
_ ridge traffic
Dec,, 1989
to
Dec., 1991 | Access Read | Completion of permanent A1l kinds of | See Table 4-1 &
for Arun 3 | bridge and road traffic 42
2 years Hydropower
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4,2 Typlecal Roadway'Section-;_
Typical sections'a;e indicated in Figs. 4-1, 4~2 and 443.5_”

On the basis’ of 1 50 000 scale topograph1cal mapp1ng provlded by NEA,-
a surface proflle was . drawn for the proposed road slope gradlent.
Gradient of. 45° or- more was assumed as rock and gradlent less than
© 45° was des1gnated as unclass1f1ed (UNCL) The s011 characterlstlcs
of this latter c13551f1cat1on are unclear' however, ground is assumed

to be compr1sed of both rock and unldentlfled 80118.-

Considering the fonetioofof the @oad-for'transpOrE of equiﬁﬁéht and
materials'fof dam aoﬂ power station construction'odesign'traffic isr
10 t class trucks.. Road section is planned as small as p0331b1e to
winimize construction perxod and cost, However? in order to ensore
safety . of trafflc in the steep terrain over which E=portion of the
road is rvouted, it is recommended that a carriage way of 5 0 m w1th.
two 1. 0 m shoulders and a 1 0 m dralnage clearance on the hill- s1de bef’

"adopted

Road sectlons at structures, i'e;, bridges and culverts, are- as -

follows. Brldge road width 'is 3,5 m, w1th lateral clearance on both-_

sidegs of 1.0 m. At portlons where.. dra1nage culverts are placed, roadfq

‘section remalns the same as for other non—brldge SegmentS{:..

Tempofary'bridges are;planned to_Spee& ﬁp constfoction. Two possible .

types of temporary bridge are shown in Fig, 4-5.
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Fig. 4--1 'Typical Cross Sectidn (Rock Excavation)

EXCAVAT |ONCROCK )

- Notes NGS Natural Ground Slope

. NGS were estimated from 1:50,000 MAP given by NEA =

- '___.37::;_ o



Fig. 4—2 Typical Cross Sec.ti'éns (UNCL) -

EXCAVAT ION(UNCL)

7000 -

1000 5000 1000} 1

" Note! UNCL: 'U-_n'clla:ss'if_ie& Exr::avat“i_o_h_
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" Fig. 4-3 - Typical Cross Sections (Embankment & Bridge)

EMBANKMENT

_ 7000
looo: 7 s000 !OOOIIOOO -

==

RIFRAP -

2000

. 6500

1000— 1000

8000
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4,3

Road

The concept of road design on the optimum route 1s described {n this
paragraph. Within the national road network scheme, the envisaged
road is intended Lo comprise one segment of the Kosi highway and as
such Will serve to counsct the Sankhuwasabha district with Hile and
polints south. At presenk, the Depariment of Roads is constructing a

road from Hile through Shinduwa to Chitre.

ALT-B, selected as the optimum route, 1s critical to the construction
of the Arun 3 hydropower scheme. Consequently, the subject road will
be designed for an access to the Arun 3 Hydroelectric Power
Development Project site arca of eguipment and materials for construc—

tion.

Optimum route (ALT-B) beglns at Hile, traverses hilly terrain, tran—
sits Leguwa Ghat and follows the Arum river to Tumlingtar, the power
house site and finally to the dam site planned at Num, The special
features of this route are that it experiences a large elevation
change along the hilly portion from 2,000 m in the vicinity of Hile to
around 250 m at Leguwa Ghat, as well as the fact that a large segment
of the road is routed on low elevation river terrace and. steep Tock
cliffs along the Arun. The road plan set out below reflects these
complex topographical conditions and the fact that the road is

intended for the construction of an access to the Arun 3 site.
(1) llorizontal Alignment

(i) Road length along genile slopes and Arun rlver terrace
will be maximized to minlmize the overall road length as

much as possible,

(11) Aligonment will avoid dwellings and cultivated fields to

the extent possible.

{1i1) Bridge sites will be selected whereby bridge span length

is minimized.

{(iv) Aldignment will follow terrain profile to the extent
possible to minimize cutting and embanking.

— 40 —



(v) In this road project, the envisaged road is principally
viewed as an access toad ko the Arun 3 site, and con-
sideration is not given Lo the selection of a road corri-
dor through the population centers of Chainpur and
Khandbafi located in hilly arcas at some distance from the

Arun river,
(2) Vertlcal Alignment

(1) Road route may be broadly classified into hilly scgment
and river terrace segments, For the hilly segment, maxi-
mum gradient is to be 8%. The segment along river terrace
is to be at a location unaffected by £looding, and rvoadbed

embankment helght is to be 2.0 m.

(i) Clearance between bottom level of a bridge girder and an

estimated design flood level is to be minimul 1.0 m.

4.4 Bridges

On the basis of 1:5000 scale topo-mapping, cight bridge sites are
considered necessary for ALT-B., These sltes are indicated in the

Table 4-~4,

-4] -



4.4.1

'Tahle 4--4 Proposed Bridge Sites

r;o. Stationl/ River Téétch&éut Area | Bridge Fength
G2 | ¥
.1 152 + 20 | Leguwa khola 35 70

2 ] 143 + 300 | Kenwa knola 25 | 40

“"g“'m{;;'+ 310 { Piluwa khola igzn “' 90

s |1+ 200 Snbhayr:kho‘la gy 1203/

5 84 + 110 ChyaJ;mihola 12 40
6 47 + 50 | Kaguwa khola 22 40 o
7 35 + 330 RaL;";;ola R 8.6 T 30
“‘g“ 34 + 390 ¢ Suki khola 6.5 30
Notes: 1/ See DWG. ACR-4 through ACR-29

2/ Computed from 1:5,000 scale topo-map
3/ Computed from 1:500 scale topo-map

In the course of formulating the bridge plan for the subjcct‘prdject,
temporary and permanent bridge structures were considered in terms of
implementation period and envisaged road function requirements, with
particular attention given to the design and construction of the

longest span bridge at Sabhaya khola.

Bridge Planning

Main points for consideration in the formulation of a bridge plan

are the following:

(1) bBridge design maiximizes the ease of construction and cost

effectiveness,

(2) Design maximizes the application of local construction tech-

nology, materials and labor.

(3) Operation and maintenance are facilitated,
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In addition to the above geueral criteria, bridge type is determined
taking into considevation required substructure, span, ctc, as dic-
tated by topographical and geological conditions prevailing at the
candidate site. Detailed field investigation of bridge sites
including foundation investigation was not included in the subject
assignment except for a bridge with & span more than 100 m. 4 1:3500
scale topo-mapping at the Sabhaya Khola bridge site in particular
was preparcd during the course of the study, A preliminary selec~
tion of all other bridge sites and spans was made on the basis of
1:5000 scale topo-mapping and is indicated in Table &4-4, Three
bridges are anticipated as having spans in cucess of 60 m, i.e.

bridges at Leguwa, Piluwa and Sabhaya Kholas,

Design bridge loads are indicated in Table 4-2, As shown on Fig.
4-3, bridge section is 3.5 wm width with 1.0 m wide shoulder on both

sides.
{1) Bridge Type

Bridge type for the subject project is broadly classified into
those bridges with span in excess of 60 wm and those with span

less than 60 m,

Typical span length and corresponding bridge types are indi-
cated in Table 4~5. On the basis of these typical types and
considering specific requirements of the subject projeect, can-
didate bridge types for a bridge in excess of 60 m span length
are comparatively examined in Table 4-6. For this bridge, a
steel bridge (simple truss) is determined as optimum given the

gite conditions and constraints afFfecting construction,

For spans of less than 60 m, a concrete type bridge is con-
ceivable as well as the steel type., However, taking into con-
sideration factors of material avaitabiliry, skilled labor
requirements and difficult terrain conditions, a simple steel
truss bridge is considered appropriate. Box girvrder or con-
tinuous girder type steel'bridges are not rccommended due to
transport and erection difficulties stemming from girder weight

and "length.
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Table 4-5 Typical Bridge Type vs. Span Length

Vi

. Span lLength (L) Girder
ype S - e e e emmm s e mtr o o s omin r
50m 100m 150m | Heisht
Simple Composite Girder L/18
Simple Beam i L7
Contiuvous Girder L/ 18

o | Simple Box Girder /22

uh

0 . .

{: Continuous Box Girder L/23

I

2 | simple Fruss L/ 9

S ) .

1 | Gonkinuous Truss L{10
Inverted Langer Girder 4 . . L/ 6.5
inverled Lohse Girder L/ 6.5

2/
Arch L/ 6.5
Pretentioned Girder _ L/15
Holtow Stab-Bridge L/22
et

W | Simple T-Type Givder 1 .1r L/17.5

iy

n ' . r

; Simple Gomposite Girder L/15

3}

?;, Jointed Composite Girder . L/15

i} .

Q . . .

W | Conbinuous Composite Girdern N L./16

g

] . .

@ Simple Box Girder L/20

& T

"

L | Continuaus Hox Girder _L L/15

Y {Cantilever Melhod)

f :

Continuous Box Girder | ] 1/18
{Timbering Method)

u .

m | Reinforced Concrele ) L/20

© | ilollow Slab-Bridge

o S

Nole: 1/ L = Span Length

2/ Sag-Ratio
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4,4,2

Sabhaya Khola Bridge

(1)

(2)

Bridge Site

Sabhaya bridge is located on the Sabhaya Khola at a point 500 m
upstream from its confluence with the Arun river. The bridge
site is on the proposed road route in the vicinity of statiom
114+400, The site was selected to minimize bridge length and
was determined on the basis of 1:500 scale topo-mapping pre-

pared from the results of field survey.

Bridge length is 120 m with two spans. Picrs ave sited on the
major riverbed, T'lood traces at the site are evident to an
elevation of 281.0 m, Consequently, thé elevation of bottom of
girder is to be 282.0 m to allow 1,0 m tolerance between girder
bottom and flood water level. Optiwum bridge location and the
said bridge clearance must be finalized during the detail

design stage,
Superstructure

Span configuration and steel bridge (simple type) as indicated
in Fig. 4-4 are considered appropriate for Sabhaya bridge.
Special advantages of the bhridge type over others are short
time necessary for design and erection, and capability of
transport and erection utiliﬁing light equipment or manpower as
bridge structural components may be manufactured in small sec-~

tions.
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Fiy. 4--4 General View of Sabhaya Bridge
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hoh 3

Temporary Bridges

The envisaged road rcquires completion of construction within a
limited peried of time, Congequently, the selected construction
method must expedite progress Le¢ the extent possible, In this
light, temporary bridges are necessary to allow transport of road
construction materials and cquipment across rivers during the imple-
mentaion stage. Design and crection of temporary bridges will be as
simple as possible. The design and construction of permanent

bridges will bc carried out parallel with road construction,

As indicated in Fig. 45, two types of temporary bridge are prelimi-
narily proposed. Oue type consists of corrugated pipe, while the
other utilizes H-beam. Both types are submerged during high water.
Although other types of temporary bridge may be considered, basic

cmphasis must remain on short construction period and low cost.



Fig. 4--5

TYPE-- L
{ Corrugated Pipe)

TYPE - 2
(H--Beam bridge)

Temporary Bridge Sections
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ho5

Drainage and Slope Protection

Drainage facilities are extremely important to ensure road aud traffic
safety. Design of gsaid facilities wmust focus on simple conastructionm,

cost cffectiveness aid facilitated wmaintenance,

Three Lypes of drainage facility are indicated in the previous section
ho2. The first type comprises an interceptor ditech on the slope
shoulder to prevent surface runoff from the upper slope to reach the
cul slope and road surfacc. The second type is an interceptor drain
on the road shoulder to catch runoff from the cut slope and road sur-
face. The shoulder drain is underlain by a perforated underdrain to
collect subsurface seepage and prevent softening of the rcadbed. The
third type of facility is culvert pipe underlying the roadbed width-

wise to allow exit of water collected in the road shoulder drain and

underdrain.

The interceptor diteh above the cut slope should be appropriately
treated at its lower portion to prevent seepage, but otherwisc can
constitute a simple earthen cxcavation. The road shoulder drain is an
open channel either of concrete or masonry. Corrugated pipe is con-
gidercd wmost appropriate for sub-reoadbed culvert outfalls due to
simplicity of construction and short implementation period, Drainage

type and location are shown in Fig. 4-06.

Slope protection methods are either of the structure type, or the non-~
structure type (utilizing plants)., 1In the case of the former, gabions
and masonry are typically used in Nepal. The usge of plants for slope
protection in the country is not common and [urther study will be

required for practical application,

As a general rule for the subject project, cutting and embanking
should be kept t¢ an absolute minimum, and where slope protection is
necessary, methods commonly applied in Nepal such as gabion and

masenry reinforcement should be utilized,
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Fig. 46 Drainage Type and Locations.
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5. GCONSTRUCTION SCHEDULE AND COST
5.1 Construction Schedule
5.1.1 Construction Quantity

Consktruction quantities are calculated on the basis of the optimum
road routc determined from 1:5000 scale topo-mapping. In the case
of ecarthworks which account for neavly 40% of total construction
cost, a preliminary estimate of quantities was obtained by preparing
road cross-scctions along the road route pn-the basis of the above-
mentioned 1:3000 scale topo-mapping and applying the average cross-—

section method.

Estimates based on the said 1:5000 scale topo-mapping resulted in
construction quantity figures larger than those prescnted in the
Interim Report which were based on 1:10000 scale mapping. Natural
slope gradient detcrmined at 45° or worc was classified as rock, and

that less than 45° was denoted as unclassifed (UNCL),

Preliminary calculations of construction quantities are given below:

1. Glear and grub 2,992 ha
2. Unclassified excavation 2,017,175 m3
3. Rock excavation 989,250 m3
4, Y¥mbanking 2,126,725 w3
5. Interceptor ditch 64,540 m
6. 60 cm culvert pipe 15,650 m
7. 180 cm culvert pipe 6,625 m
8. 20 c¢m perforated underdrain 22,275 m
9, Earth reinforcing works 20,675 mZ
10. Sub-base material 685,380 m?
11. Permanent bridge 3,055 m?
12. Tewporary bridge 1,040 mZ

Although specific ground composition is unclear for item 2.above
(unclassified excavation), it is assumed to comprise both uniden-

tified soils and rock,
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5.1.2 Gonstruction Planning
(1} General

The construction plan must be formulated so as to ensure safe
completion of the works within the designated time period.
This requires careful attention to all factors affecting
sonstruction, particularly topography, geology, working con—
ditions, eté. Especially in regards to those comstruction work
items which have a ecritical effect on the comstruction sche-
dule, the optimum work method must be carefully sclected. The
envisaged road is to secrve initially as access Lo the Arua 3
site and as such any delay in the road construction schedule
will have a wajor impact on implementation of the said hydro-

power schemc,

Consequently, the access road construction plan and schedule
must be formulated with utmost consideration cof the uaique
features affecting the project. These features may be set out

as follows:

(1) The road must be completed within 2 years from commen-
cement of construction to a level whereby access of
necessary equipment and materials for Arun 3 hydropower

seheme construction is possible.

(1i) Rcad is routed through hill terrain and as such features
topographical and geological conditions which complicate

construction.
(i1i) Road length is great (115 km).

(iv) Current motorable access to the road project site

reaches only as far as Hile,
{v) Eight river crossings are planned,

In view of the features set out above, careful attention must
be given during construction schedule formulation to primary
" works of earth moving and bridge construction, as well as pro-

curement of principal construction materials and equipment,
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(2)

As indicated in Fig, 5-1, the road route has been divided into
4 construction Sections, Sections were determined with con-
sideration to such Factors as topographical features, section
lengtl, difficulty of construction, existence of airfield at
Tumlingtar, population centers, river crossing points, ctc.

Principal rivers constitute boundaries between the sections,

Due to lack of existing access roads Lo thé road site area,
construction approach will be by Single Front from Hile.
Supplchentai logistics for all sections will he provided

through Tumlingtar airfield,
The four comstructlon Sections are as follows:

a, Hile ~ Teguwa GRAl s.ueessinsssssasass Scction
b. Leguwa Ghat — Tumlingtar ....s..ses0.. Section

¢. Tumlingtar — Powerhouse site (P/S) ... Section

S TCR e

d. (P/8) ~ Dam site {I/S) ,itciessassrse. Bection
Earth Moving Works

Earth moving works constitute a critical path for the road
construction schedule, Said works are affected by factors of
rugged topography and large amounts of earth te be wmoved.
arth moving works are estimated as comprising approximately

40% of total construction cost.

§pecifically, earth moving works consist of 3 million m3 of
excavation and 2 million m3 of embanking. Construction method
will accordingly have to be carefully formulated to allow for
completion of such large-scale works in the limited time
available. In order to minimize the comstruction period, it is

recommended that a Pilot Road be initially constructed.

Given the requirements of the counstruction schedule for rhe
Arun 3 hydropower scheme, the Pilot Road {(total length of
115 km) is to be completed during the 2 year first phase of
road construction. Construction of the pilot road will enable

subsequent simultaneous implewmentation of final road construc-

tion at the various points along the route as required, thereby



minimizing time required for road completion., Of particular
importance is the need to commence the large scale rock excava-
tion for the 21 km segment located between the powerhousc and
dam sites (Section 4), This work is a potential constrainiung
factor on the overall construction schedule, and as such it is
critical to implement as timely as possible the 94 km of pilot
road. covering Sections 1, 2 and 3 from Hile necessary to reach
the said area. Difficulties affecting the pilot road construc—
tion vary greatly along the route depending on factors of
topography, geology, etc. It may be necessary at some points
for the pilot road to tewporarily deviate {rom the final road
alignment in the avreas where congtruction is particularly dif-
ficult in order to allow for rapid completion of the said pilot

road.

A brief construction [low chart for earth moviang works is pre-

sented below,

st . St -2
S5 Wentr
T stage—y 7 TE R i
SECTION l! 9.5 Honin
===
SECTIOR ol G
1
- e ]
SECH10M
2
| _ | ) L
"seeTion
o )
3
. Der—m m e Y
SECTION - o
T T T,
4
Oemme—f0
HUTE : PILOT ROAD C==r=rri) [wilh h::".pumry tridgas}

EXCAVATION [UNCL) Q-——= =0
EXCAVATION {ROCK} O i)
EMBANKMENT Omitarme— g
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As shown in the above chart, the initial construction stage
will consist of pilot vead construction beginning in sequence
with Bection } and through Section 4 over.a period of 9.5
wonths. 1In the wake of pilot road progress, equipment will be
deployed for earth moving works in Sections 1 - 3 to be carried
out io sequence beginuning with Section }. FERquipment will be
- deployed separately, however, for Section 4 immediately upon

arrival of the pilot road at that section,

Other construction works (drainage facilities, etc.) will be
implemented simultaneously for each of the Sections. (Please

refer to Fig. 5-3.)

Table 5-1 indicates cavisioned equipment unecessary for earth
moving works as well as standard production anticipated per day

per work party.

Pilot and main road construction work is simply illustrated in

Figs. 5-2 and 5-3.

Prinecipal criteria for formulation of .the earth moving plan are

set out below.

(i) Earth moving works should begin first with light equip-
ment and manual labor to secure sufficient work space

for later introduction of heavy machinery.

(ii) Excavated materials will be used as much as possible for
embanking, with excess material to be discarded at

designated disposal areas.

"(iii) Work days per month are 10 in the rainy season and 20 in

the dry season, and work hours per day are 8,

(iv) Smooth supply of fuel, oil, consumables and spare parts
should be secured to ensure efficient mobilization of

equipment,
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(3)

(4)

Bridges

As discussed 1in the previous section 4.4, the subject road
requires three long bridgos and five bridges of intermediate
length, In order to expedite construction of the pilet road,
temporary bridges at river crossing points are envisaged as
indicated in previous sectionl 4.4,.3. As these temporary
bridges are set at the riverbed level, they will be submerged
during the rainy season, Permanent bridges will be designed
and constructed parallel to earth wmoving works and thus not
constitute a critical path in the overall construction sche-
dule.

Procurement of Construction Equipment, Materials and Aggregate

Principal construction equipment and materials consist of earth
moving machinery, bridge components, cement and reinforcing bar
for substructure works, and culvert pipe for drainage facili-
ties. Of the aforementioned, cement and veinforeinyg bar are
manufactured in Nepal; however, in lighr of supply capacity and
quality, serious cousideration including procurement from off-

shore must be given before final decision.

Earth moving equipment, bridge components, fuel, and oil may be
entirely procured off-shore. Procurement time period and pro-

cedures must therefore be given careful attention.

Aggregate is required for a range of purposes including bridge
substructure construction, slope reinforcement works, and as
gravel and paving material, Conceivable procurement would be
either use of river gravel, or production through crushing of
rock. Road alignment segment through hilly terrain is in areas
of much roek availability; however, the major portion of said
rock is weak due to heavy weathering, etc. Large quantities of
good quality aggregate material is nevertheless found in the
riverbeds of tributaries of the Arun river. Gravel occuring in
the bed of the main Arun river, however is of poor quality,
being highly micaceous and fine grained, and consequently not

suited as aggregate material,
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Approximately 690,000 m3 of good quality material will be
necessary as gravel surfacing aggregate in the course of road
congfruction. Procurement of this aggregate and sub-base works
accordingly constitute a critical path of rvoad construction as
i} 115 kwm of road must be completed to a level by the end of
1989 whereby equipment and material méy be transported for Arun
3 hydropower scheme construction, aand ii) lafge quantities of
aggregate material are required. For these reésons, crushing
facilities wmust be constructed and production of aggregate
should begin as prompfly as poésible folloﬁing the commencement
of road construction. 1In the event that a portable crushing
plant with a capacity of 60t/h is utilized at a rate of 25 days
per month and 10 hours per day, monthly production of crushed
aggregate is 15,000 t per month. Seventeen mouths of operation
would accordingly be necessary to broduce the required
690,000 m3  of aggregate, As crushed stone aggregate is
indispensable in maintenance of a gravel surfaced road, ample

production capacity and stock must be available at all times.
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Fig. 51 Construction Sections
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Table 5—-1 Earthwork Equipment

Production
Job Item Equipment per l-party | Q(m3/day/
- party)
100 Clear & Grub 2 Saws 1,200

Bulldozer,
110 WVuclassified Kxcavation | Hydraulic backhoe, 930
Damp truck, Loader

Drill, Loader, Crawler
120 Rock Excavation drill, Dump truck, i1 - 140
Bulldozer, Backhoe

130 Embankment Bulldozer, Holler 200 - 800

Bulldozer,
Hydraulic backhoe 430

105 Pilot Read
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Fig. 5--2 lllustration of Earthwork (1}

Pilot Road

_~Hydraulic Backhoe

_— Bulldozer

- Binal Cross Seclion

Excavation (UNCL)

D True
e Dump Truck

- Wheel Loader
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Fig. 5—3 [Hustration of Earthwork (2)

Toxcavation ( Roek) -

¥inal Cross Seclion
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5.1.3 Goustruction Schedule
(1) General

Tmplementation of the access road is planned as- one component
of the overall Arun 3 hydropower project. The relationship
between access road construction and the Arun 3 hydroscheme

construction schedule is depicted in the chart below.

Beginning of Temporany Operalion GComplilion of
Rood Construclion of Access Road Rood _Construction
1987. 11 1088. 11 988 1 1999._1_ 493l i
[ (I‘; O (? (@]
. LI PHASE - | THE PHASE - 2 -

1 .
st L red e A

Beginning ol
Dy Construglion

’ Beginaing of Constiuclion for DT,
Preparetion of Works tei P.H.

Freporslion of M.T.

_Begivning of Excavatien for H.T.

Hote : K1, --- - -+ Heudruce Tunncl
[ 1 P - Diversion funnel
PUH. ------- Power House
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(2)

According to the above schedule, access road construction will
commence 1in November 1987, and said road is to be ready two
years later in November 1989 for transport of equipment and
materials for Arun 3 hydropower scheme construction. The major
portion of construetion of hydropower facilities.is scheduled

to begin subsequent to November 1989,

In order to complete access road comstruction in line with the
planned schedule, it is clear that work method must be well
suited to construction quantities, and available equipment and
manpower, Construction schedule is governed by sclection of
work method, and said schedule is drawn up to reflect the

construction plan sct out in the previous section,
Schedule

The construclion plan outlined hereuader assumes the following
two conditions: i} the road route is divided into 4 coustruc~
tion sections and ii) the entirety of construction works will
be tendered as one package, with award to a single tenderer,
The reasons for the latter condition are to avoid over—
complication of the structure executing construetion, as well
as the fact that swift completion of the pilol road through all
sections is essential aund execution by a single contractor

entity will expedite timely carrying out of the works.,

The following |qualifications will be vrequired of the

contractor:

(i) Is capable of wmobilizing suflficient equipment and
skilled personnel (including operators) to execute the

works cifectively.

(ii) 1Is well experienced in mechanized construction

technigues.
(iii) 1Is well experienced in construction supervision.

In order to allow for effective utilization of construction

machinery, the pilot road is to be completed for Sections 1 - 4
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within 9.5 months of start of construction. As the pilot road
progresses, cxcavation (UNCL, rock) is to be carried out in
single front fashion for Sectiouns 1 = 3 in guccession beginning
with Section 1. FExcavation in Section 4 will commence imme-

diately upon arrival of the pilot read in that section,

Embanking works are to be carried out simultaneously with exca-
vation utilizing excavated materials to the extent possible.
Remaining construction works are to be carried out separately

for cach secction,

Critical points in the access road construction schedule are
earth moving works and sub-base works. Cousequently ecarth-
moving works are to be carried out immediately in the wake of
pilot road progress, Sub--base works will require prompt
securement of stable production and supply of aggregate
materials, with sub-base work itself Dbeing carried out upon

completion of earth moving,

If construction is executed in accordance with the schedule
indicated in Table 5-2, road completion will be to a level by
the end of the £first phase construction in Novewber 1989
whereby mnecessary construction materials and equipment for
Arun 3 hydropower scheme implementation may be transported to
the site. Iﬁ the second phase, permanent bridge structures and
other remaining works will be completed, with design road sec-
tion achieved by November 1991. Remaining works denaoles
upgrading where necessary of i) construction works carried out
rapidly during the first phase in order to ensure access to Lhe
JArun 3 site by November 1989 or ii) works impaired in rainy

seasons occuring during the construction period.

The above are depicted in the bar chart in Fig. 5-4
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Fig. 5--4 Access Road Construction Schedule
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g 'faiﬂ_e 5-2 . Major Constrtiction Schedule (bontinue_d)

@ Main Rquipment

_ . Construction Seciton o
T N 3 4
: T ol __1988-2'“ - 2 . ’
S Coaory | | Bulidézer T 2.3 2.3 | 1.5 1988.8
S .,:?;Bgy}dofgr'(ZIT)" 8 unit o C e
Pilot . EE . , o
Road " "|" Power Shovel - R ERTRTTRE . I I .
. Cdlsmd)y P S . T
At A . e : o R '88,11.

‘Work
Items

Equipment - Quiput : “pmber

55 m3/u

M month

R 1988.2. *sb. 10 .
e Bulldozer (21T). -’

& Power Shovel. . -} =o . Bulldozer . ) 89,3
UNCL | - Loader (1.5 m3) [ 116 nd/t . | (For Seciton| - 5.0 B .
- A FEPURC : Si, 2, 3) P _ -’89 7.
Dusmp: Truck (10T} : Co ]
RN . o Bulldozer: : : 4,0 | .
2 units N 88.10 ’89.10

{For Section co ) e
& b S ' 120

o - S " 788.z_ '8a.B
e Braker - . Braker-: .- |10 sets - SHREEN
Lo s 1-]._'m3__f_d_ay" ‘Braker 6.0

Bt L el 188,11
beill’ ] 25 sets STRRTI SN
_36”m3/day3 prill. - 7T e 3.0,

e Drill

. Ctéﬂler DriyLiui

fROCK"Q'Builaﬁzé:g(Zii)' _b{ﬂélé; S 1.315°sets U73Ei” I N R P
.| Power shovel .- | BO m3/day [Drill. .- . S

Excavation .

© Pump Truck (10T) | -

e briil. o lprilt | 10 sets
SIS I T RS LR 5 13 8 3

e Crawler Drill m3fday |

ROCK | - Power Showel - | Crawler - |6 sets = . | ..~ | _ _-1988,10 . '89.10°

BN R 'zfnrﬁll . Crawler priil] . ~ ) o Jrrmainir ]

“Dump Truck (10T) | 140 w3/day | o _ R S B

e Bulldozer (211)
- Loader (RS_mQ}.*




. Téblé 5?—2 : Major Cohstructiﬂrl:_S_c.hed;ufl_'é,

@ Main

Equipment - - -

Hokk‘—
Items

"Equipment

Outpﬁi

‘Number

° Constructioa Seciton

1

2

FILL

‘s Roller (10T}

+ Bulldozer (21T) .

Pallalell

excavation

work with -

988.2

8.0
:'88.8

q

R
TTE8. 10

- Q

‘89,7 L

28810

189,10
| - ad

12,0

SUB~BASE

& Roller

¢ Grader

Buildozer

0Dhmb'Truck

. Wheéi iﬁéder .

360 m3[day

10 wnits,
Dump_ Truck

1 unit
Grader’

1 unit

Rollet .

: ?;7bf‘1:



5.2 CGost

5.

2.1

2.2

Unit Cost

The following unit prices are based on the results of field survey
by the Study team and information from the report submitted by ACE
Gonsulting Engineers, Kathmandu, Nepal to the Departwent of Roads of
the Ministry of Works and Transportation  regarding the

Dhankuta~Arun 3 Road Project. FRstimated unit prices are as follows:

1, Clear and grub Us§200.00/ha
2. Unclassified excavation 1.90/m3
3. Rock excavation 7.16/m3
4, Interceptor ditch 24,00/ m
5. 60 cm culvert pipe 118.00/m
6. 180 cm culvert pipe 367.00/m
7. 20 cm pcrforafed underdrain 40.00/m
8. Earth reinforcement works 225,00/m
9. Sub-base material (20 cm thickness) 4,20/m2
10. Permanent bridges 1,100.00/n?
1t. Temporary bridges 260.00/m?

Unit cost for excavation includes disposal. Bridge unit cost inclu-

des both superstructure and substructure,

Construction of temporary bridges (item-11) is teo precede permanent

bridges in order to expedite overall road construction,

Total Cost

Access road comstruction cost has been computed on the basis of
consitruction quantities sebt out in section 5.1.1 and unit costs
given in section 5.2.1. A breakdown of costs is presented in Table
5~3. In the said table, "Miscellzneous and other works" are esti-
mated at 10% of construction cost, Costs cover construction from

phagse one through to the completion of phase two construction as

‘discussed in the previous seckion 3.1.3, "Construction Schedule",

Total .comstruction cost is calculated 20% greater than the total

cost figure in Lhe Interim Report. The reasson for this is that
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construction quantity estimates increased over those adopted at the

Interim Roport stage when recalculated on the basis of 1:5000 scale

topomapping.
Table 5-3 Construction Costs
(No.2 ~ No.230+230m)
I;zm | Work Descripti—;[; T Ul’lll. annti tyl/ S‘r‘iio Amount US$S
100 | Clear & Grub ha 2,992 | 200.00] 598,400
105 | Pilot Road2/ ki 151 - -— —
110 Unclassified Excavation nd | 2,017,175 1.90| 3,832,632
120 Rock Exaav;tion m 989,250 7.16 7,083,030
130 | Embankment _ m3 | 2,126,725 0.75] 1,595,043
200 | Interceptor Ditch w 64,540 24.00| 1,548,960
210 60 ¢m Culvert Pipe ‘ m 15,650 118.00 1,846,700
230 | 180 cm Culvert Pipe m 6,625 367.00 | 2,431,375
—;gb 20 cn;;crforated Underdrain m 22,275|  40.00 891,000
300 Reinfo;ced Earth Wall m2 20,675 225,00 4,651,875
L _—
400 | Sub-Base Material 20 cm w2 685,380 4,20 | 2,878,596
600 | Bridge Structure m2 3,055 1,100.00 | 3,360,500
610 | Tewporary Bridge m2 1,040 260.00 2?0,400
Sub Total T 30,988,511
700 Miscella;;;;;“; Others Works 10% 3,098,851
kstimated Total 34,087,362
L__ .
Notes: 1/ Quantity of this table was revised on the basis of 1:5000

maps produced in Oct. 1986,

2/ Cost for pilot road is included in item Noés. 110 & 120.

Compensation costs for relocation of families, as well as farmland,
trees and vegetation of productive value, etc. destroyed through
land aquisition for the road route have been included within con-

tingency costs for the Arun 3 hydropower scheme;



6.

CONCLUSIONS AND RECOMMENDATIONS

Access road construction constitutes a eritical path within the Arun 3
hydropower project construction schedule, Completion of thn said road
is a controlling factor in comnencement of Arun 3 implementation,
Construction confronts factors of road length and difficulties in
construction posed by the hilly terrain through which the road is

routed.

In the course of the subject Study, optimum road corridor selection,
construction cost estimation and construction plan formulation were
carried out. Thegse works were based on available existing data,
results of silte survey as well as necessary mapplng and drawings pre-—

pared in the course of the Study.

Undeﬁ.the Study, firstly a comparitive study of potential road corri-
dors was performed, In particular, two leading candidate alignments,
pamely the hilltop route (ALT-A) and the Arun riverside route (ALT-B),
were compared in detall. Comparison was carried out utilizing existing
1:50,000 scale topomapping and 1:10,000 scale mapping prepared during
the study, and principal criteria for comparison included ease of
construction, construction cost and time perlod, road length, ete, On
the basis of this study, the riverside route (ALT-B) was determined as
the optimum route. The optimum rouke and major population centers such
as Khandbari, Chainﬁur, Bhojpur and Dingla can be effectively linked by
adequate feeder reads. Such network development will comtribute fo the

economlecal development of the communities,

"The gelected riverside route 13 divided into & sections. Section 1

‘begins at Hile, the closest motorable point to the Arun 3 site from the

east - west highway traversing the ‘Yerai plain, and proceeds 41 km
inorthwest through rugged hill terrain to Leguwa Ghat along the Arun
river. The second section extends from Leguwa Ghat north along the
Arun viver for 18 km to Tumlingtar which features the sole STOL air--
field in the project region. Road route through the second section

raquires bridge structures at 8 crossing points of tributaries of the

] A:un river, Section 3 continues from Tumlingtar again northward along
. the Arun river to the poqerhouse site, Section length is 35 km. Road

route In section Z and 3 both follow the Arum 3 river on relatively low

—-173..



terrace which is rclatively stable both topographically and geologi-
cally. Toad route through this section Eeatures gentle turns of long

curvature.

The final section, section 4, oxtends for 2] km along the Arun river
from the powerhouse site to the dam site through an areca of steep rock
cliffs. Consequently, the quantity of rock excavation required is con-

slderably more than that for the other sections.

The Arun left bank, along which the proposed road 1is routed, features
less agricultural activity, River terrace consists of both cultivated
and non-cnltivated areas, and the access road will pass to the extent
possible through unfarmed land. In section 1 where relatively numerous
points of greater population density are found, care in determination
of final road alignment was taken to avold residences and minimize
resettlement, Resideﬁces affected by road construction are 20,
Despite total road length of 115 km, only approximately 90 ha of

deforestation will be necessary,

The construction plan for the access roed was formulated from the
standpoint of integration with the overall Arun 3 hydropower scheme
construction plan, The reason for this is that completion .of the
aceess road is a principal controlling factor in commencement of Arun 3
construction. Accordingly within two years of start of access road
construction, said road is to be completed to a level whereby major
egquipment and material for Arun 3 implementation may be transported to

the hydropower scheme site,

In the latter part of the Study period, the Team received from NEA
newly prepared 1:5,000 scale topo-mapping and a field report including
field reconnalssance findings, C&D survey, etc. These beneficial
materials were effectively incorporated along with the Team's own fin-
dings into the evaluation of approprilatencss of the selected corridor,

and preparation of constructlion plan and cost estimate,
Principal points of the construction plan are as follows:

{1) The read route was divided 1into 4 sectlons in consideration of
conditions of topography, geology, problems affecting construc-

tion, ete,

— 14



(2) A pllot road will be iaitially completed to permit effective

construction works in cach of the 4 gections.

{3) Construction method to be applied will ewmphasize the use of

construction machipery.

(4) 'The completed access road will include 8 bridge structures.
Howeveyr, at the pllot road stage, temporary bridges at riverhed
level will be constructed. This witl prevent permancnt bridge
eonstruction from creating a bottleneck for execution of the other

access tvoad construction works.

(5) Pilot road constructiom will bhe single front, beginning at Hile
and continuing on through to completion. Other construction works
'will be carried out in the wake of pllot road progress,
Deployment of equipment and personnel, supervision, etc. will
require a high degrec of techneial proficiency and superviso;y

experience on the part of the contractor.

{6) It 1s recommended that the entirety of construction works is ten-
dered as one package, with award to a siagle tenderer. The
reasons is to avoid over-complication of the structure executing
construction, as well as the fact that swift completion of the
pilot road through all sections 1s esgential and executlon by a
single contractor entirety will expedite timely carrying out of the

works,

(7) Construction quantities were calculated on the basis of 1:5000
scale topomapping, site reconnaissance by foot, and aerial obser-
vation by helicopter. Accordingly, some revision of figures may

bu'necessary at the actual implementation stage of construction,

Study findings Indicate that the riverside route constitutes the opti-
UL corridoé. Construction is possible such that road completion is to
a level where access of equipment and materials to the Arun 3 site is
possible at the end of two years from' start of works, with final road

section achieved at the end of four years.

Construction cost is preliminarily estimated at U354 million to comple-
tion of the pillot road and US§34 million to final road completion.
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The followlng recommendations are made as critical to timely implemen-

tation of the access road, and as suclh the Arun 3 hydropower project as

well.

(1)

(2}

(3)

(4)

Detailed design for thie access road should be performed as scon as

possible to include minimally the following works:

(L) Preparation of at least 1:2000 scale topomapping for
detalled computation of construction quantities. If such
mapping is not possible due to time limitations, a ten-
dering format must be considered which permlts smooth modi-
fication or vrevision of design as per conditions

encountered by the rontractor in-situ,

(ii) Foundation survey at bridge sites, particularly for the

bridge at Sabhaya Khola.
(i1li) Tdentification of suitable ¢uarry sifes.

(iv) Detailed design of sub-base, bridge structures, dralnage

facilities and other structures.

(v) Preparation of tender docunents, design specifications,

design drawings and study of appropriate tendering method.

Land aquisition should be carried out so as construction progress

is not impeded.

An environmental impact study should be undertaken with focus on
the long term effects of road construcéion on the eonvironment.
Disturbance during the construction period to the natural eco-
system should be minimized, and construction planning should be

eritically reviewed from this staundpoint.

Design and coastruction of the access road should be carefully
conducted to minimize landslide and soil erosion along the route.

Sufficient funds for malntenance should be allocated.

Detailed design of the selected feeder roads closely relating with
the community development should also be made according to the

development priority.
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