11.3.4

11.3.5

Stage Construction
Since the project scheme is relatively large, the
possibility of stage construction is examined to maximize

the economic benefit of the Project.

The possibility of stage construction might be considered

~ in such categories as the pavement (black top).

. The stage construction of pavement, however, is not

advantageous because of the following reasons:

~ The Project Road has been designated as trunk road and
classified to Class'l road in accordance with the Nepal
kLoedetandards (2027) in which surface treatment on the

road is specified.

= The,P%oject.Road is passing through. hilly and

mountainous terrain with steep gradient so that
ralnwater running on road surface would erode road
surface and cause sometlmes serious damage on road

structure unless a bltumlnous;surface seal be applied.

“—'The maintenance cost of gravel surface road would be

remarkably 1ncreased espec1a11y in such a mountalnous

'road

.The stage constructlon of pavement 15 therefore not

recommcnded from the englneerlng p01nt of v1ew.

Construction Plan and Method
In view of the featufes set-out in clause 11.3.1,

construction plan and method for each construction section

has been carefully studied paying attention not only to
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(1)

the primary works of earthwork, bridge consstruction and
slope protection work but also the progurement method of
principal construction materials and equipment by

provision of pilot road.

The detailed construction plan and method for each section
is ‘described as shown below and the construction chart for

each section is presented in Fig. 11.2.

Section I (Bardibas - Sindhuli Bazar: 37 km)

The subject of the project in Section I is to improve the
existing road between Bardibas and Sindhuli Bazar by
constructing bridges and pavémeﬁt withra minor improvement
of alignment and width of the ‘existing road side drain,

and slope protectlon.

"~ The constructlon perlod of Sectlon Iis estlmdted to be 4

years.. The existing road can be utilized as an accebs for

the construction of the Sectlon I work However it

‘becomes not passable sometlmc 1n ralny season, 51noe therc

1are no: temporary brldges at all ‘on the ex1st1ng road

Brldge constructlon constltutes a crltlcal paLh for the

-~ construction schedule of Sectlon I STt w111 requlre 40

Qmonths for its constructlon assumlnb that the substructuro
‘work will be conducted only in dry seasons; Temporary

- bridges w1ll be requu1rcd to expedlte the construcLlon

schedulc.

Pavement work, con51st1ng of subbase course, baso course,

,burfdoo course and 5hou1der course, 15 also maln %UbJCCt
of the PrOJect 1n Sectlon I. The work requ1res prompt
’securement of stablc production and ~supply of apgrooate

.mdthldlb. ‘Subbase work should be carried out 1mmed1ate1y

after finishing earthwork.
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(2)

Aggregate to be used for bridge construction, retaining
structure, gravel and pavement work would be use of river
gravel., Large quantities of good quality aggregate
materials are found in the riverbeds of Ratu and Kamala

rivers.

Other minor works, such as widening of roadway width,
provision of side drainage, construction of slope
protection, etc. are carried out simultaneously with

bridge and pavement works.

Section IT-1 (Sindhuli Bazar - Khurkot: 39 km)

Section II-1 is the most difficult section in the Project
since the road has to cross the Mahabharat Range of which

topographical and geological conditions are extremely

-complicated and unstable.

As stated in clause 11.3.1, there are no existing mortable
roads in Section II between Sindhuli Bazar and Dhulikhkel
so that the subject of the Project in this: section is to

construct a new.road.

The construction period of Section II-1 is estimated to be
5 years taking following factors into consideration:

‘= no-access Lo the project site, -

- poor and unstable geo]ogy;.

= difficulty "in earthwork due to steep topography and

road alignment with haipin bends.

Earthwork constitutes a critical path for the construction

~of-Section II-1 because of large amounts of ecarth to be

moved due -to stecp topography.  In order to ‘accomplish the
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work smoothly within the schedule, it is recommended that

the pilot road be initially constructed.

The pilot road is to be constructed to enable subsequent
construction of earthworks simultaneously at the various
points along the project road, It will be used not only
for transportlng construction materials ‘and equipment but
“also for prov1d1ng worklng plﬁce of the retaining and
dralna&e structures. It may be necessary for the pilot
road to deviate temporéfiiytfrom.the final road alignment
at some points where construction is extremely difficult

due to stéép‘unstablemslope of topography.

The construction of pilot road is required to be completed
during the 2 year so as to finish all the works within 5
years., For the final earthwork, it-is necessary to employ

7 construction units after éonstructing the pilot road.

!”§Pfocurement of aggregate materials would be either use of
ijiver”graVel or production through crushing of rock

‘materials obtalned from road excavation. The route passes
‘;1n the area of much rock avallablllty, however, it might
lbe dlfflcult to obtain said rock in 1aroe quantltles
because of the steep. terraln condltlon. It»ls, ‘therefore,
recommended that the major portlon of aggregate materials
 shal1 be obtalned from rlver gravel of Gadeull and Gwang
Kholas.

It is noted that the construcLlon perlod has bee

estimated to be 5 years from the englnegrlng point of v1ew~‘f

"tdkln& into con51derat10n dlfflculLy oL the work due to
r‘cxterely stcep and unsablc tOpO&fdphlLdl condiLlon of the
’Idhabharat;Rangc. Howcver,;lt mlght be poss;hlc to
~shorténiits»cohstru;tlon-perlod from )fyears:tové,years by
intrdduction of additional construction units as well as

employing work system in two shifts, if necessary,

11-10



(3)

(4)

Section IT-2 (Khurkot - Nepalthok: 30 km)

The construction period of Section II-2 is estimated to be
4 years taking quantities of the works as well as site

conditions into consideration.

As there is no access to the project site from outside,
this section could be started after providing temporary

road, either from Sindhuli Bazar or from Dhulikhel side.

The Project Road has to cross 8 nos. df major tributaries
of Sun Kosi river in the section between Khurkot and
Nepalthok. The construction of bridge, therefore,
constitutes a critical path for the construction scheudle
of this section. In order to expedite construction of the
bridge work, it is recommended to construct pilot road on
the riverbed of the Sun Kosi river with temporary bridges
at river crossing points of tributaries;' These temporary
bridges are to be set at the riverbed level so that they

will be submerged during the rainy season.

Three construction units might be reqUired:for road

constructlon in order to comolete the: work w1th1n the

planned %chedule of 4 years.

‘Large quantities of good qdélity aggregate materials is

found in the riverbeds of tribﬁtafiesiof the Sun Kosi

‘river.‘ The sand and aravel produc1ng in the rlverbed of

‘the maln Sun KObl river, however is not su1ted as

aggregate matorlals becauqe of 1ts hlghly micaceous and

flne rJralnod

Sectiono II-3 (Nepalthok - Dhulikhel: 49 km)

-

This section is estimated to be 5 years construction
period taking account of large scale of the work

quantities and long distance of its project length.
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There is no existing road to the project site with the
exception of the first 10 km from Dhulikhel up to
Buchakot .. The existing road in the first 10 km is
jeepable road with 4 to 5 m wide. It might be used an
access to the project site during the construction with
minor improvement of the road surface by introduciton of
gravel, provision of temporary drainage and widening at

.sharp curve portions.

After Buchakot, it is necessary to construct-the pilot
‘road up to-Nepalthok taking the project length as well as
work quantities into consideration. The pilot road is
recommended to construct at the initial stage in order to

expedite the work in line with consstruction schedule.

This. pilot road will.enable not only subsequent
dsimultaneousdimplementation of the construction of Section
II-3 but also early implementation of Section II-2. In
‘between Nepalthok and the confluence of the Dabcha Khola,
the pilot road. is to be constructed on the riverbed of the
Rosi Khola: with tempbrary¢bridges\whichmmight;be»submurged

~-dn. the rainy season. - :

Rosi Khkola is onebpf ;heAbiggeSt tributarigs of Kosi
River and its runoff peak:dﬁripgftbeffiqqd would belmore
than 3,OOO'cubiC'meterApErLsécond., The Project Road will
cross this main river nééf.the_tonfluencerofvthe Dabcha
Khola by provision of Sﬁeeljt§q§s:hriqg¢. In addtion to
the main river of Rosi;Kholag;bhe;?gqject Road has to
cross¢sovef 5.108. Of:1arge5tributaries_in,this,section.
ThC'construction oflbridgeé, therefore,vis the critical
works on. the overall construction schedulevof;thcvSectioni
I1-3.

Geological conditions in the section between Nepalthok and

Dabcha Khola are very poor and unstable because of the
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large fault zone of the Main Boundary Thrust (MBT). The
numerous large landslides have been developed on the
hillslope of Rosi Khola through which the route has to
passs. The slope protection works should be conducted
promptly in the dry season in parallel with the earthwork.
This work will also constitute the critical path for the

construction schedule.

Although the quantities of earth moving work is large,
earthwork will not constitute the critical work in Section
IT1-3, since it will be able to cary out simultaneously at
the various points along the route by the use of pilot

" road.

The river gravel suited for the aggregate materials are
found sufficiently in the riverbeds of the main river of
Rosi Khola, therefore, procurement of aggregate materials

~to be used for this section would be no problems,

It is, however, difficult for the Dhulikhel section to
find material sources for aggregate materials along the
route. Possible material sources for the Dhulikhel
section will be either riyer-deposits‘QfHJikhu-Khola, 6 km
east. from Dhulikhel on,KodariaRoad,,gr-;he»river quarry at

Panauti, 5 km south from Banepa. = -

There is the pedestrian;suspensicn bri§ge-across Rosi
Khola at Nepalthok which Qill~obstru¢t,the'construction of
the Project Road.~‘This,existing bfidge; tﬁetefore, has ‘to
be removed and replacee by new onenatvfhe.same place(unier
the Project. Temporary bridge will bevnecéssary dufing

the construction.of the Project.
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Implementation Schedule

As stated in clause 11.Z, the Project has been divided into

four (4) construction sections as shown below:

(See Fig. 11.3)

Section I Bardibas - Sindhuli Bazar (37 km)

Section II-1 Sindhuli Bazar - Khurkot (39 km)
Section II-2 Khurkot - Nepalthok (30 km)
Section II-3 Nepalthok - Dhulikhel (49 km)

Four (4) alternative implementation schedules have been

considered as shown in Fig. 11.4, on the basis of above

construction sections.

Preparatory Work

‘Prior to the construction, it will be necessary to carry out

such preparatory works as detailed design, financial
arrangement; tender and contract award and land compensation

and-aquisitioni

- “The ‘minimum period required for such preparatory works

excluding land ‘compensation and aquisition is estimated to

be one and half year,

It w111 take one year for the detalled d831gn whlch consists
of rev1ew of prcllmlnary de51on conducted in the feasibility

study, prcparatlon of tender documtnts and prequallflcatlon

of a contractor.

Financial arrangement Shouid.be_made in pérallel with the

detailed design, on the basis of the cost estimate,conducted

in the feasibility study.
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(2)

(3)

‘schedule 1s as fOllOWS' 

Tender and its evaluation will be conducted immediately

after finishing the detailed design and the contract will be

awarded upon approval of the government concerned,

Construction Period

The construction period of each construction section has
been determined from the engineering point of view as stated

in the subclause 11.3.5 and summarized below:

Section.I 4 yeers
Section II-1: 5 years
Section 1I-2: 4 years
Section II-3: 5 years

Alternative Implementation Schedgles

Four (4) altérﬁative implementation schedulesfﬁavevbeen
con51dered as stated below. Required period for the
detalled de31gn, tender and construction perlod of each
section are’ assumed to: be same for each caee, and the

detalled,deslgn is to be started at the same time..

Caeeeli

This alternatlve schedule is made almlng at the shortest

1mplementatlon schedule of the PrOJect The outllne of the

- Fhe whole PrOJect Road 15 scheduled to be combleted within

flve (5) years, =

= Constructlon of Sectlons I II~1 and II 3 are scheduled Lo’
be start at same lec, 1116”Sect10n,II—2 etarts ‘one year

later, and

- Large investment is required in the short term.
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Case 2:

Case 2 is an alternative schedule characterized by the

diversified investment as follows;

— The whole of the Progec is assumed to be completed within

seven (7) years,

- Commencement of each construction section is staggered one

year later, and

- Annual investment required is reduced comparing with Case
ll

Case 3:

This alternative is made aiming at the minimization of
annual investment required for the project, thus the
implementation period is the longest among four (4)

alternatives.

- The implementation of the Project is sc¢heduled to be 10

years,

- Sections:I and TI-3 is planned to befimpleméntéd in the
first:'5 Years‘taking.no’accéSs'betWééh Sindhuli Bazar and
Dhulichel‘into consideration. Sectlons I1-1 and I1-2 is

scheduled to begin subsequcntly in the second 5 years, and

—'Annudl 1nvestment requ1red for the progect is the smallest

among four alternatlves.

Case 4:

Case 4 is an alternative schedule taking the implementation.
schedule of Jiri-Ramechap Road connecting Busti on Jiri road

and Ramechap into consideration.
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- The implementation of the Project is divided into 2
phases, namely Phase 1 and Phase 2 with each construction

period of 5 yeras,

- Sections I and II-1 is planned to be implemented in the
first phase (Phase 1), in order to maximize the project

benefit by connection with the Jiri-Ramechap road.

- The implementation of the Project is scheduled to be 8
years, thus Phase 2 is conducted with overlapping Phase 1

by 2 years.

(4) Recommendation

Case 4 is recommended for the implementation of the Project
as shown below,.taking into consideration the implemen-
tation of Jiri—Ramechép-foéd'WhiCh is under construction by
‘DOR’and’stheduled to be connected with the Project Road at
Khurkot. o

Case 4 (Construction Period: 8§ years)

Phase : Section “Yeaﬁr :13»2.:3"4 5161718

"Phasévl k‘:kSéﬁtion IM,.  !:;4}:”
Section II-1 |

Phase 2. Section II-2 ‘z‘iﬁ,:rl'
. Section 1I-3 '_ 5

Since the construction cost of the Project is considerably
“large, if there exist any difficulty in financial
arréhgement,7it is recommended  that the Phase 1 between

Bardibas and Khurkot be initially implemented because of the

- following reasons:
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11.5

)

(1) In addition to the existing route of Prithivi Highway
via Muglin, Kathmandu Valley will have the
alternative route connecting Terai Plain via Jiri
Road, by implementation of Phase 1 of the Project as
well as Jiri-Ramechap Road, although Jiri-Ramechap
section does not meet the requirement of the design

standards of trunk road.

(ii) The Project Road will contribute greatly to the
improvement of the basic human needs of the people
living in romote hill areas by completion of

north-south link in the Central Development Region.

(iii) The Project Road will form a part of Janakpur Highway
connecting Jiri Road and East-West Highway in Terai.
Road network in Central Development Region will be

improved by completion of Phase 1 of the Project.
Phase 2 (Section II-2 & Section IT-3) between Khurkot and

Dhulikhel should be implemented later stage'aftefbarranging

financial source.

Disbursement Séhedule

Annual disbursement schedule is prepared for each

alternative based on the implementation schedule shown in

Fig. 11.4 (1) and Fig. 11.4 (2).

~The cost for 'the price escalation of Case 1 is estimated. at

% of ‘the sum of constrdétion'ﬁost'(COhtraCt‘COSt), physical
contingency, engineering services cost and land acquisition
cost. As for Case 2, Case 3 and Case &4, the percentages are

to be 84, 12% and 9% respectively.
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Summary of annual disbursement schedule are presented in
“Table 11.2 and detailes in Table 11.3 (1) through Table 11.3

(4) respectively.

" Case 1

Case 1 reveals that majority of the project cost will be
invested in the short term during the peirod from 2nd to 6th
year, The amount of annual investment will exceed NRs. 800

X 100 for four (4) years.

Case 2

Case 2 shows that annual amount of investment can be reduced
comparing Case 1, however, it requires still high annual
investment amounting NRs. 600 x 109 to Nrs. 800 x 100 for
five (5) years. ' \

Case 3

. Case 3 is an alternative assuming that the whole of the
Project Road will be constructed for ten (10) years,
therefore, annual required investment will be the smallest

émong three alternatives. The annual investment required
will be NRs. 300 x 10° to NRs. 500 x 10° in average.

~oCase g

'Case,4 is the implementation sChéﬁule,fécommended‘for the
 Project implementation,._The annualiinvéstﬁenfvrequired will
',‘réngé from NRs,300 x 106,t05?00 x7106. In case that only
‘jPhase‘l be impleﬁentédﬂdpedtéfthe_finéncialmdifficulty, the
 ahnﬁai amouht of investment will become smal1 ranging from
NRs.200 x 10% o 400 x 10% (Y1,600 million to ¥2,400
~million), as Shdwnﬂin‘yable 11.2, and Table 11.3(5).
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11.6 Road Maintenance

11.6.1

(1

(2)

11.6.2

Maintenance Work

Maintenance has been defined as '"the preserving and
keeping any highway structure and its ancillary features
and facilities, in such as state as to ensure the
continuous and safe passage of traffic and to safeguard
the high capital investment made'initially when the road

is constructed or improved.

The road maintenance is divided into the following two

categories:

Cleaning work including cleaning the road surface,
drainage facilities, guard rail, grass cutting, regulatory
signs and other .services.

Repairing work including road surface repair, overlay, cut

& fill slope repairs, painting of bridges and guard rails,

inspection and repair of traffic control facilities, etc.

Establishment of Maintenance and Training Center -

Since the Project Road'bésées'thfough extremely difficult

‘terrain of the Mahabhrat Range, proper and timely

maintenance work is indispensable for keeping not only
highway structure itself but also the public traffic in

safety.

‘Historically;, Nepal'has carried out road maintenance based

on labvour intensive techniques, however, it is not been
worked out effectively due to shortage ‘of skilled labour
and seasonal fluctuation on availabilityi of labour.

Morcover, DOR is decentralizing its maintennace operations
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(D

(2)

@

Road but also the construction of feeder roads in its

and is deploying most of its organization to the regional
offices, resulting in critical shortage of equipment and

manpower,

With the growth of the DOR's activities, a need has arisen
for reinforcing number of qualified professional staff to
plan, program and manage road developmént project, and
also trained personnel at the techniciaan level such as
supervisors, equipment operators and mechanics to ensure

that the expanding road network is soley maintained.

Recognizing an importance of maintenance work for such a
mountainous road as Sindhuli Road as well as the necessity
for strengthening the capability of DOR's maintennace

operation, it is recommended to establish the "Maintenance

“and Training Center" in the vicinity of the Project Road

at Bardibas. Organization and layout of Maintenance and

Training Center are as shown in Figs. 11.5 and 11.6

' respectively and the major component of the Training

" Center are listed in Appendix 11.5.1.

The objectives of the "Madintenance and Training Center"

are;

to bulld —up an eff1c1ent malntenance system to secure the

,constructlon 1nvestment and conduct proper maintenance for

the Project Road;

to prov1de trained. personnel who covers not only the
engineers level but also the technlclqnb level such as

superv1sors, operators and mechanlcs to cope with the

: cxpandlno need for road malntenancc; and

totconduCt,not;oly the maintenance work for the Project

ad joining areas to stimulate and promote development in
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11.6.3

remote area along the road, especially the hill area of

Ramechap District.

Implementation Schedule of Maintenance & Training Centre

During the construction of the Project Road, the
contractor will have responsibility for their maintennace
including the improved section of existing roads whilst
they are in his possession. The contractor will also be
responsible for rectifying any defects for a period of 12
months from completion of the parﬁicﬁlar section, as in
usual in international construction contracts on the basis
of FIDIC, o )

However, as socon as construction of the various sections
of road is completed the maintenance respon81b111ty for
other than rectifying defects will fall upon the DOR It
is therefore recommended that the Maintenance and Training
Centger should be in operation by the time that the

construction of the roads is completed,

Based on the above understanding, the implementation
schedule for the Center is tentatively made as shown in
Fig. 11.7. '

Estimated cost required for eStablishiﬁg the Center is
shown in Table 11.4. ' ‘ -

It is noted that the cost requ1red for thc Center is
estimated separately from the constructlon cost of
Sindhuli Road PrO]ECt shown in Chapter 10 because the
maintenance work defined in thié Project is only the
maintenance consisting of cleaning work and repairing work
which has to be carried out at régular intervals of a

year.
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Table 11.4 Approximate Estimated Cost for Maintenance &

Training Center

Ttem Unit Amount (103 NRs,)
1. Construction cost of offices, Sum 80,000
workshop, laboratory, stockyard
etc.
2. Equipment and tools for Sum 35,000
workshop, laboratory, training
room etc.
3. Cdnstruction machineries Sum - 65,000
4. Construction cost of houses Sum 20,000
5. Sum 40,000

Other ‘miscellaneous cost (20%)

Total

NRs. 240,000 x 10°

Appendlx 11.4,1 shows the detailed plan on maintenance and

training center proposed by’ the Study Team.
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12.1

12.1.1

12.1.2

1

CHAPTER 12 ECONOMIC EVALUATION

Basic Concept

Introduction

In this chapter, the cost of the Project Road, expressed
in terms of economic cost, is evaluated by the benefit
accrues from the Project, which is also expressed in
economic cost. Cost of the Project Road, here is obtained
through some modification of cost estimated in the |
previous chapter. On the other hand, benefit from the
Project Road is estimated as the sum of the savings in
vehicle oﬁerating cost and travel time cost. In this
respect, the evaluation of benefit is strongly felated
with the procedure of traffic assignment. The work flow

of the economic evaluation is illustrated in Fig. 12.1.

Indicators :for Economic: Evaluation

In general, three types of indicators are used for the
evaluation of road construction project as explained

below:
Internal Rate of Return (I.R.R.)

I.R.R. is calculated through the solution of the following

equation:

B(R) B C(R) =0

n 'Bﬁ:-
B(R) = e
tz (1+R)*®
_l ‘
op-l o Ct
CR) = 5 mmmome
Z= (14R) "
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Proposed Plan of
the Project Road

L

Economic Project

Cost Estimate

N

Traffic Assignmént on
the Road Network with
and without Project

.| Unit Traffic Cost Analysis:
| Preparation of Vehicle
Operation Cost, Travel

R\

ifoaffideOSt’Calculation

--wnggdefit]Estimate

ﬁCéiCuiation of
,Eyalﬁation;lndicators*

.:LSénsitiVityfAﬁéisiéff ﬁ{’} ij

‘“EcOnomiC“EvafﬁaLibnaf»;f_

’;QE“ f:‘Fi8} 12~1>}fq W6fk”F16w ofiEconomiéxE§aiﬁaﬁion‘;":'
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(2)

(3)

where,

R : Internal Rate of Return
Bt: Benefit in the year (t)
Ct: Cost in the year (t)

n : Project life in years

This indicator comes up with the discount rate which gives
the break even point between the present value of benefit
and that of cost in the stream of these values during the

period of project life of the Road.
Net Present Value (N.P.V,)

N.P.V. indicates the balance between the discounted
benefit and cost under the assumed discount rate, e.g.
opportunity cost of capital. Consequently, a positive

value of this indicator means the project is economlcally

feasible,
N.P.V. = B(r) - C(r)
" Bt nZl t
ot (l+r) o (1+r)
where;

Bt: Benefit in the year (t) -
Ct: Cost in the year (t)
r :  Discount rate

n : Project life in years
Benefit Cost Ratio (B/C Ratio)

B/C ratio is an indicator obtalned by dividing the present

valuc of benefit by that of cost:
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B
B/C Ratio = ——

C
n Bt
B= ) -
h-! Ct
-}
+ (1+r)
=0
where,

Bt: Benefit in the year (t)
Ct: Cost in the year (t)
r:: Discount Rate

n : Project life in years

' '12.2 Estimation of Economic Project Cost

12,2.1 Cost Disbursement Schedule

Cost Disbursement Schedule is one of the greaﬁest factors
‘which affect the resﬁltzbf,ecoﬁomicfevaluation. Although
the detéiled:ihplementation sCﬁedule will be established

at the detailedistudy,Gfithe;cgﬁ$tihction program,
. preliminary cost distfsémént'SEHEdule_ié assumed as shown
g in Fig.ill;z.,in which_fouf alternativéé_of implementation»

are being proposed.

12.2,2 Estimation oflEconOMié5Pfojéct'Cﬁst,

Thevpfojettvccst esﬁimatéd;in Chapter 10 was converted

- into economic cost through the following procedure:

\FMQfDedﬁEEion of Tax and Duty

- Transfer factor included in the project cost, such as

taxes and duties, were deducted.
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12.2.3

~ Exemption of Price Escalation
The portion of price escalation included in the project

cost was deleted.

— Deduction of Land Acquisition Cost
The land acquisition cost was deducted from the project

cost¥®,

The stream of economic costs obtained through the above
ad justment are listed in Table 12.1 by alternative of

implementation schedules.

The construction period and the opening year of the all

sections of the Project to the public in each cases are as

follows.
Case 1 Construction period 7 years
Opening year 1995
Case 2 Construction period 9 years
. Opening year 1997
Case 3 Construction period 12 years
. Opening year 2000
Case 4 Construction period 10 yeafs
Opeﬁing year 'm/“ 1998

Maintenance Cost

Annual maintenance cost after the opening of the Project

"'Road was estimated at NRs. 7 million. Cost for full scale

overlay, which will be conducted for every 15 years, was

estiamted at NRs, 55 million in terms of econoniic cost.

* It is generaliy accepted that phé amount of land

acquisition cost is not included in economic cost from the

following reason; Utility of the land, due toifhe

~ construction of road will rise with the project and at

least the same amount of opportunity benefit of the land

will be realized going aside the project road.
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Table 12.1 (1) ‘Yconomic Cost Stream® (Case 1)

(Unit: 1000 NRs. in 1987 Price)

Year Foreign Local Total
Portion Portion

1989 61,948 - 61,948
1990 431,608 ' 66,064 497,672
1991 651,477 96,256 747,733
1992 711,686 102,382 814,068
1993 675,337 - 98,786 774,123
1994 689,951 - 82,274 - 772,225
1995 117,166 9,795 126,961

Total 3,339,173 455,557 3,794,730

~ (2) Economic Cost Stream (Case 2)

(Unit: 1000 NRs. in 1987 Price)

Year.. - Foreign ...  Local - Total
* ~Portion . Portion =

1989 Cel,48 - el,48
1990 61,820 7,467 69,296
1991 284,155 42,338 326,493
1992 507,984 74,102 582,176
1993 o So4,484 83,975 - 678,459
1994 583,086 90,375 - 673,461
1995 . 665,916 . . 95,679 761,595
199 520,750 56,504 . 577,25
C 1997 59,020 5,027 64,048
Total 3,339,173 455,557 3,794,730
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(3) Economic Cost Stream (Case 3)
(Unit: 1000 HBRs. in 1987 Price)

Year Foreign Local Total
Portion Portion

1989 61,948 - 61,948
1990 287,836 41,907 329,743
1991 372,086 52,576 424,662
1992 435,011 54,827 489,838
1993 371,859 48,613 420,472
1994 202,781 27,459 230,240
1995 286,914 42,698 329,612
1996 297,924 52,700 350,624
1997 336,932 51,974 388,906
1998 389,472 46,878 436,350
1999 235,787 31,157 266,944
2000 60,623 4,768 65,391
Total 3,339,173 455,557 3,794,730

(é)y Economic Cost Strgam (Case 4)
(Unit:» 1000 NRs. in 1987 Price)

Year Foreign " Local | Total
O Portion - - Portion ST
1989 30,974 - a0
1990 206,590 31,624 238,214
1991 . 305,291 46,031 351,322
1992 288,814 34,607 323,421
1993 438,675 66,350 505,065
199 573,446 80,762 654,208
1995 513,298 72,543 585,841
1996 461,981 66,837 528,818
1997 461,672 51,73 513,608
1998 58,232 . 5,027 63,259
Total 3,339,173 455,557 3,794,730

* Total amount of construction cost, physical contingency and

engineering service.
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12.3 Estimation of Traffic Cost

In order to estimate benefit accrues from the Project Road,
traffic cost on the road network was estimated. The traffic
cost on the road network is composed of two components:
Vehicle operating-cost and travel time cost. The first step
for the estimation of traffic cost is to determine the unit

- vehicle operation cost, e.g. NRs./km and NRs./minute. In

vthe second step, these unit costs are applied to the result
of traffic assignment. Therefore, the traffic cost estimate

is closely linked with the process of traffic assignment.

12.3.1 Vehicle Operating Cost
Y (1) Characteristics of Vehicle Opérating Cost

Vehicle operating costs are composed of fuel consumption,
lubricating oil consumption, tire and tube consumption,
depreciation and capital cost, repair and maintenance cost
(parts and labour), crew cost, and overhead. The level of
“vehicle operating cost tends to differ by vehicle type,
model of vehicle, driving speédwaﬁdbmany other>fa¢tors

relative to driving condition.
' (2) Representative Vehicle

Representative vehicles'for_éaéh?ﬁehicles type were
determined as shown in Table 12,2 on the basis of market

share in recent Nepal.

Vehicle operating costs for each vehicle type were
~estimated for each of the-rebfeséntative vehicles assumed

here.
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Table 12.2 = Representative Vehicle

Vehicle Type Representative tlarket Share
Vehicle

Passenger Car Toyota (Delux) 65%
Corrola

Bus 63 Seater 707

Long Chasis

TATA
Truck 7-8 ton 70%
TATA
Motor Cycle Hero Honda ( - : 50%
Source: - The.Study Team

(3)

(4)

Unit Vehicle’Operatihg Cost

Unit vehicle operating costs in terms of e;onomic cost
were estimated by vehicle type on the inforﬁétion gathered
by the Study Team for each item of cost which composes the
whole of the vehicle operating cost. Unit vehicle
operating costs, at the ideal driving condition, were »
estimated as shown in Table 12.3;baSéd on thé information

listed in Appendix 12.3.1.
Unit Vehicle Operating Cost by Level of Speed
Each component of vehicle operating cost was categorized

into two types of cost according to their nature, e.g.

time-related cost and distance-related cost.
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Time~related vehicle operating cost

Such costs as fuel cost, oil cost, capital cost and crew
cost are included in this category of cost, which are
generally strongly related with the level of vehicle

speed.

Distance-related vehicle operating cost

Such costs as tire cost, depreciation, maintenance cost
are included in this group, which are generally

independent from the level of vehicle speed.

As for the time-related vehicle operating:costs, unit
costs were estimated by speed level based upon existing
information about the relation between the level of unit
cost and speed level (Refef to Aﬁpéndix 12.3.1). Unit
vehicle operating costs at an . ideal driving condition
and those at différent 1evels of driving speed are
listed in Table 12.3 and 12.4 (1), (2), (3), (4).
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Table 12.3 Unit Vehicle Operating Cost (Economic Cost)¥*

(Unit: NRs./1000 km)

Vehicle Type

Ttems e

Passenger Bus _ Truck  Motorcycle
Car

Fuel 742.0 1,656.0 1,251.0 222.4

0il 53.6 . 131.0 100.4 15.6

Type and Tube 4h.4 432.0 - 432.0 33.3

Depreciation & 472.0 1,101.9 1,546.1 271.7

Interest

Maintenance 44,9 114.0 104.7 21.8"

(Parts)

Maintenance 72.0 24,0 42,0 48.0

(Labour) :

Crew Cost 66,7 200.0 . 200.0 o =

Overhead 149.6 914.7 919.1 61.3

Total . 1,645.2 4,573.6 - 4,595.3  674.1

* On level and paved roads, running speed is around 50 km/h,

considering Nepal's road condition.
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(2)

1

2)

Time Cost
General

Time cost is another factor which composes traffic cost.
Savings of time cost is one of thé_major component of
benefit from the Project Road. Although there exist many
methods for measuring the time cost, the study here is
based upon a methodology what is called "income approach",
as the time value is strongly associated with income level

of road users.
Estimation of Time Value by Vehicle-user
Per Capita Income in the study area®

Population, number of economically active, income and per
‘capita income for economically active in the study area
are listed in Table 12.5 and 12.6. Per capita incomes in -
étudy aréa are egtimated to be.about NRs.-63830,>NRs;
8,700 and NRs. 9,650 for the years of 1985, 1995 and 2000

‘respectively.
Estimation of'Hourly;IQCOme’” 

Assuming the total number of workable day in Nepal as 290
days and one day's working hour 6 ho¢r$; the total working

‘hours in a year are about’l,?ﬁOﬁhoufs, as shown below:

6 hours/day x 290 days 5;1,7&0 houré/year"

From this, average per capita income of economically

active for-one hour is ecstimated as shown in Table 12.7.

#* In terms of GRP/number of economically active
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Table 12.5

Population and Number of Economically Actives in

the Study Area¥®

Population (In thousand)

— o o

Number of Economically

Region Actives (In thousand)
1985 1995 2000 1985 1995 2000 .
C.D.R. 5,433 6,879 7,631 2,363 2,992 3,319
E.D.R. 4,211 5,699 6,549 1,874 2,536 2,914
Study Area 9,644 12,578 14,180 4,237 5,528

6,233

* Refer to Table 6.1, shares of economi¢aliy active are assumed 43,47

for C.D.R, and 44.5% for E;D.R..based on the information of 1985,

Study Area

48,096 60,168

' ’6,832

Table 12.6 GRP and Per Capita GRP in the Study Area¥®
, GRP (Mill. NRs.) GRP/Number of Economically
Region - ' Actives (In NRs.)
1985 1995 2000 1985 1995 2000
C.D.R. 17,878 29,013 35,777 7,566 9,697 10,779
CE.DLRL 11,068 19,083 - 24,391 5,906 7,525 8,370
© 28,946 8,700

9,653

* Impact. type

Table

economic frame

Annual. and Hourly Per-capita Income

12.7
of Economically Actives in the Study Area
Per—Capita , s el
Income of Economically 1985 1995 2000
Actives (In NRs.) ' '
Annual - 6,832 8,700 9,653
Hourly 3.9 5.0 5.5
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3)

4)

Estimation of Time Value for Type of Vehicle

Time values for each vehicle type were estimated as shown

in Table 12.8, applying average number of passengers*l)
and share of economically active among themWZ) to the

hourly per-capita incomes listed in Table 12.7.

#1)  Result of traffic survey conducted by the Study Team
and information by DOR were used for the

determination.
*#2) The shares of economically active -among pasSSengers
vere estimated from the comp081t10n of trip-purposes,

studied in traffic survey (Ref. Table 5.3).

Estimation of Unit Time Cost

“Travel time saved by the Project Road is not always used
- for "productive purposes". This fact seems to come from

_following reasons:

= The .purposes of trip are not related to inéomeryielding
activities, e.g. in such trip-purposes as "shopping"

"leisure" and "to school", no time value is reckoned.

- Even in case of "business" purpose and related ones,
time saved is not always used for income-yielding
activity. Sometimes it will be used for leisure, rest

rand idlely used.

From the above, unit time costs for each type of vehicle

Lwere modlfled into time costs applying the slare of

business trip and: probaolllty for selecting - the productive

activities. Unit time costs estimated by the above

~ procedure are listed in Table 12.9.
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Table 12.8

Hourly

B s o ——

Unit Time Value (Gross)

Per—capita

Average
Number of

Share of
Economic-

Time Value
by Vehicle

Vehicle Year  Income (NRs) Passenger Active among Type (NRs./h)
Type (person) Passenger (4)=(1)x(2)x(3)
(1) (2) (3)

Passenger Car 1985 3.9 3.44 0.626. 8.4
1995 5.0 3.44 0.626 10.8
2000 5.5 3.44 0.626 11.8

Bus 1985 3.9 36.2 0.643 90.8
1995 5.0 36.2 0.643 116.4
2000 5.5 36,2 0.643 128.0

Truck 1985 3.9 2.0 0.643 5.0
1995 5.0 2.0 0.643 6.4
2000 5.5 2.0 0.643 7.0

Motorcycle 1985 . 3.9 1.76% 0.733 5.0
1995 5.0 1.76 0.733 6.5
2000 5.5 1.76 0.733 7.1

# Including’ drivers



Table 12.9

Unit Time Cost

Lross

Time Value -Share of

Probability
of selecting

Unit Time

~2000

0.5

————

-

Vehicle Year (NRs/h) Business the Productive Cost (NRs/h)
* Type (Table 12.8) Trip¥*1l)  Activities¥®2)  (4)=(1)x(2)x(3)
(L (2) (3)
Passenger Car 1985 8.4 0.568 0.5 2.4
1995 10.8 0.568 0.5 3.1
2000 11.8 0.568 0.5 3.4
Bus 1985 90.8 10,612 0.5 27.8
1995 116.4 ©0.612 0.5 35.6
2000 128.0 0.612 0.5 39.2
Truck 1985 5.0 10.612%3) 0.5 1.5
1995 6.4 10.612 0.5 2.0
2000 . 7.0 0.612 0.5 2.1
Motorcycle 1985 5.0 0.682 0.5 1.7
1995 6.5 0.682 0.5 2.2
7.1 0.682 2.4

#1): Result of traffic survey conducted by;théﬁéﬁuinféam‘

#¥2): One half of opportunity‘ﬁqr—selectingﬁpyoduqtive activity was

assumed.

#3): Same. as bus
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12.4 Benefit Estimates

12.4.1

12,4.2

Benefit Account

Theoretically, a variety of benefit will be brought about
by the construction of new roads. But most of them are
too abstract to be grasped quantitatively because of
uncertainty in the processes in which these benefit are
produced and lack of data to trace them. In general,
among the total benefit brought about by new road, vehicle
operating cost saving and travel time cost saving are two

of the major benefits which constitute the total.

Benefit from the Project Road waé estimated as the balance
of two traffic costs, or traffic cost under the road
network "without" the Projéét Road and that of under the
road network "with" the Project Road* as shown in Fig.
12.2. | |

Benefit Galculation Method

As explained in the beginning of: this chapter, benefit
estimates are closely related with the process of traffic
véssighment. Accordingiy; bénéfit'caléulation formula
deS@ribéd below were éppiied tdﬂéﬁe process of traffic

assignment:
(Benefit Calculation Formula) -

1
I = TBy + —;—’TBD"

* With and Without Comparison.
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where,
TBN
T BD

TC
TC °

In which,

TB

TBN M

TBD H

ij

]

TCo - TCu
1Cc, - TCY
Zd‘ Zdl ‘) + Z o Z‘tg '\/ij
E;ou; di - u+Z@JZtU Vi
ZJ‘J Zd' U'J + Z@J i t') U’j

-3 4 24..uu+ 3 (sZ ty Ul

Total benefit
Total benefit for normal traffic
Total benefit for developed & induced traffic

Total traffic'coStjfor normal traffic in the

case of "without" the Project Road

:+ Total traffic cost for normal traffic in the

case of "with" the Project Road

Total traffic cost for developed & induced

traffic in the case of "without" the Project

- Road

Total trefflc cost for developed & induced

trafflc in the case of "w1th" the ProJect Road

Assigned traffic volume of normal traffic on
link (i) for vehicle'with'type (j), under the

road netwaork ”withdut" the Project Road

Assigned traffic volume of normal traffic on
link (1) fop#vehiele with type (j), under road

network "with" the Project Road

Assigned traffic volume of induced traffic on
link (i) for vehicle with type (j), under road

network "without" the Project Road
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e,

di

& -

Assigned traffic volume of developed & induced
traffic on link (i) for vehicle with type (j),

under road network "with" the Project Road

Unit vehicle operating cost (NRs/km) for
vehicle type (j)

Unit time cost (NRs/h) for vehicle with type
(3
Length of link (i)

Travel Time on link (i) for vehicle with type

(3

In short, the difference of two traffic costs between

"without" the Project and "with" the Project ends up with

the benefit; under the two different evaluations of

benefit by two type of traffic, or "normal traffic" and

"developed & induced traffic". The benefit from developed

& induced traffic is to be reduced to one~half of the

ordinary level according to the theory of transportation

economics,

. Amounts of»benefit’estiméted'are listed in Table
12.10.(1), (2).
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Table 12.10,(1) Amounts of Annual Benefit

(In the case of all the sections of the Project

Road are completed)

(Unit: Million NRs. in 1987 price)

Year

Composition
of Benefit

1995 2000
‘Traffic Type Traffic Type

Normal Developed Total HNormal Developed Total
& Induced & Induced

Vehicle Operating

136.7 50.5 187.2 199.6 80.9 280.5

Cost Saving (1)

Time Cost Saving (2) 10.3 b 1407 1647 8.7 25.4

Benefit Total

((3)=(1)+(2))  (3) 147.0 54.9 201.9  216.3 89.6 305.9
Table 12.10.(2)  Amounts of Annual Benefit

(In the case of only section I and Section II-1

of the Project Road are completed)

Year

Composition
of Benefit :

- (Unit: Million NRs. in 1987 price)

Vehicle Operating
Cost Saving (D)

Time Cost .Saving (2)

Benefit Total

((3)=(1)+(2)) (3)

1995 o o0 2000
Traffic Type Traffic Type . -
Normal Developed Total Normal Developed Total
. & Induced 7o e & Induced ‘
39.3 10,2 49.5  57.0 144 714
3.2 1.1 43 4.6 1.6 6.2
42.5 11.3 53.8  61.6 16,0 . 77.6
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