





CHAPTER 6 ENVIRONMENTAL CONSIDERATION

6.1 GENERAL

The environmental problems caused by the Project during and after its construction are
discussed in this chapter. Since these environmental problems are intricately involved with
the natural, social and economical environmental conditions their assessment and judge-
mént are somewhat difficult. However, taking due consideration of the regional character-

istics of the project, studies are made here nnainly on the problems largely affected by
the Project.

63 INDICATORS OF ENVIRONMENTAL CONSIDERATION

‘_ \'a[idu"s ‘faclors such as the physié-al, social and economical factors can be considered
as the indicators in ‘the environmental assessment. The faclors which are considered deep-
. lyrelated to the Project are listed below.

~6:2.1  Physical Indicators of Assessment

a) Topography and geology

b)* Hydrology (drainage, floods)

¢) Metéorology (climate and weather)

d) Traffic nuisances (noise, air pollution, vibration and ether nuisances)
€) Trafficaceidents

) Construction nuisances.

6.22 Social and _‘Ec’b.noniic:il Indicators of Assessment.
g) Transpoil mobilily and accessibilily
h) Land use potentiality
i) Population dislribulion
)} Teurism
k) Regional spectacte
1) - Communily cohesion
m) ‘Resident displacement
n) Industrial and agricultural produsction
0) Land price
) Pricesof commodilies
" The above indicators of assessment are fusther studied for the following 2 stages:

o During the period of construction = A
o After the project is opened fos service & B
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63 ENVIRONMENTAL CONSIDERATION & PROTECTIONAL MEASURES

Next, the above assessment indicators are examined in combination, Further, each of
these combinalions is represented by the alphabelic notations used for each of the above

ifems.

6.3.1 FEnvironmental Consideration During Construction and Protectional Measures

(1) Aa:

(2) A-b:

(3) A<

4) A-d:

(5) A-e:

As a result of the culiing of borrow pits and hillocks along the rouwte, the
general topography will be altered, and especially the wates s;epir’ig through
cuatl surfaces during the rainy season ¢an [ow into paddy fields éic., and
remain there for sometime leaving sandy deposits. Therefore, it is necessary to
take precautional measures against drainage failure of slopes etc.

Further, since the project road suns through soft masshy ground in some
areas, adequate measures should also be taken to prevent nuisances caused
to the sursounding arcas by the replacement, hauling ¢tc., of peat and muddy
soils,

Specially dusing the rainy season, since houses elc., may be expecied (o
undergo submergence due to blockage of walerways and changes in the
drainage and isrigation facilities elc., caused by earthworks, adequate meas-
ures will be necessary to confirm the drainage and irrigation systems in the
arca and to provide temporary watesways appropriately,

Since the construction difficulties and the impacl on the surrounding region
differ with the metéomlogical cdnditions, it is desirable to prevent nujsances
to the people of the region by proper planning aad supervision of consteuc-
tion, for example, by concentrating the construction works dusing the dry
season when the condilions are much favourable. '

When the construction vehicles use the feeder roads, traffic of ordinary
vehicles will be hindered. Moreover, due o passage of heavy vehicles suchas
the dump trucks, vibration of houses, hindrance to traffic by the spilling of
the loaded soil and mud, damage to road surface and shoulders and so on
can alo be expecled. Therefore adequate measutes should be taken to avoid

such prsoblems and also to sepair and rehabilitate the existing roads thus
affected.

Since there are possibilities (or the occuirence of teaffic accidents where the
construclion vehicles,r spectally the large vehicles enter the existing roads or
pass through near schools ¢lc., it is necessary to secuse safety of traffic by
appointing teaffic guides and by other suitable measures,
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(6) A-f:

(M Ae:

(8} Al

ince varic i isance ici

Snc‘ ious construction auisances could be anticipated, for example,
vibration and noise due to pile driving, obsiruclion {o (raffic by sending
large constmuction machinery and vehicles, suitable measures afe necessary to
prevent such problems by the proper selection of construction machinery and

construciion methods and by moving the large vehicles during the ofi-peak
houss.

It may be somelimes necessary to close {emporarily or to detour the traffic
on exisling feeder roads crossed by the Project Roads during the constructien
of inlerchanges, on-off ramps or other facilifics. Therefore construction
planning and supervision aimed al rapid completion of construction works

at these intersections so as to avoid obstiuclions to regional trallic is extreme-
Iy important.

Since the steuclures for passenger and vebhicle crossing are not ready during
the construction of the project roads, it will be inevitable for the people of
the region to take detouss, causing a temporary barrier to communication
due to regional parlition by the project roads. Therefore it is necessary to
take measures in construction planning and supenvision to complete these
crossing struciures as early as possible.

6.3.2 Environmenia! Considesation After the Project is Opened for Senvice and Protec-
fional Measures

(1) B-a:

() B-b:

(3) B-c:

By the construction of the project roads, the topography in the cul section
will be altered leaving exposed slopes. Sufficient attention should be given
to the protection of these stopes o avoid damages (o neighbouring dwellings
elc., due to slope failures specially during the rziny season.

As the project roads run through maishes and sofl ground, sand piles ete. will
be employed to improve the soft and weak ground. However, even after this
lreatmént, selilements can still be anticipated after construciion, i 15 neces-
sary to take sufficient atteation on the maintenance.

Althdugh drainage and flood reliefl structures are provided with the project
roads to protect the surrounding areas from inundation, it is important to
grepair and maintain the other relevant channels and watenways so that the
function of these structures are fully utitized.

Since high speed driving on the Expressway during the rainy season could be
disastrous causing serious (raffic accidents, adequate measures should be
faken on the safety of traffic.
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(4) B-d:

(5) Be:

(6) B-g:

(7) B-h:

Aflter the construction of this Project a portion of the ordinary traffic from
Negombo Road will be diverted to the Expressway thereby relieving specially
the arcas along Negombo Road to some extent from noise, ais pollistion and
other nuisances due to molor tsaffic and créating a much quict li\'ing environ-
ment than otherwise experienced withoul the Expressway. In other words the
pollution of environment by motor traffi¢ can be generally dispeised.

Thereflore, characteristic of Negombo Road as a Community Road could be
ascertained which is desirable from the stand of road policy,

As it is believed that the drivers are nét accustomed to high sﬁeéd dsiving on
the expressways, the occurrence of a lasger number of ftraffic accidents is
feared. Therefore, besides the obvious traffic safely messures taken by the
expressway managementd, it is necessary to fake efforts to educate the road
users on safety driving, and miaintenance of vehicles.

Since the major feeder roads are connecled 10 the expressway through the
interchanges or on-off ramps, the accessibility fo the expressway is considered
good. However, it is extremely impoilant to develop and improve the feeder
roads adequately in order to upgsade the mobjlil’y-and acteisibiliiy of the
project road and to gromote segional development. -

Fusther, by using pait of the Expressway and the feeder roads, it will be pos-
sible to cover the shortcomings of radial road network. For example, traffic
from Colombo International Airport in K.andy direclion, which once had to
come (o Colombo Cily and then té move fiom Colombo City in Kandy
direction, will now be able to use part of the Expressway and the feeder roads
thereby to reduce travel time and distance.

Further, the traffic which <o far had to use the winding feeder roads to enter
Negombo Road on {ravelling to Colombo will now be able to save teavel cost
and travel time and to travel with comfort by directly using the Expressway.

With the construction of the Port Access Road (Seclitm P-1), a road that
contributes Lo relieve congestion of traffic within Colombo City by prevent-

ing containers and heavy lorries from mixing with the ordinary tsafiic will be
realized.

Fusiher, in order 10 help the public to use the Expressway safely and con-
veniently, it is necessary to adequately provide with suitable road signs,
safety signs, illumination ard fences o prevent entry.

it is considesed that the land use potentiality of this Project will rise specially
in the areas surcounding the interchanges and on-off ramps. With the develop-
ment of feeder roads, such trend of land use potentiality limited to a specific
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@) B:

(9) Bij:

(10) BX:

(11) B-1:

(12) Bm:

arca will change and land use potentiatity will be promoted over a wider area.
Therefore, improvement and development of feeder roads is indispensable

-~ in promoting the land use and development potentialities.

With the increased convenience in travelling brought in by this Project, ac-
companied by the high land prices within Colombo City, it is expecied that
distribution of popufation due 1o urban expansion will begin to take place.

Therefore, it is important to facilitate an Expressway Bus Service in the future
as a mass-transporlation system elfectively using the Expressway and to con-
nect this service smoothly with the railway and the ordinary Bus Services.

With _lhe. gealization of the Expressway, the tourists will be able to travel
comforiably between the Colombo iaternational Airpost and Colombo City
and this will impiove the image of Colombo as a tourist resort. Further, this
project ;Oad conlributes to the smoothening of business and administration of
the GCEC Area of Authorily and the neighbouring regions.

Since the scenery of the area will be damaged by the exposed earth cut sur-

faces, measureés to improve the soad scenery, for example, by vegetation to
cover the exposed surfaces, or by slope proteciion works, will be necessary.

Although structures are provided where necessary, 1o cross the project roads
the community will still be separated to some extent. Therefore it is necessary
to make efforts 1o eliminate the inconveniences owing to such regional
separaﬁon: by fulute improvement of feeder roads, specially those in the
north-south diréclion, and o avoid future regional separation, as far as pos-
sible, by planning the future land use and distribution of facilities systemali-
cally and appropriately in the regions where dwellings are no! distributed
densely at present.

The area surcounding the project road consists mainly of paddy fields,
marshes and hillocks and since this area is not densely distributed with houses,

_there is no major problem although a few houses have to be telocated.

Howeves, in the case of Port Access Road (Section P-1), since there are many

- shanlics concentrated atong the railway hne, it is necessary lo welocate these

shantly dwellers after making arrangements to receive them elsewhere suift-
ciently taking inlo consideration of the social problems.
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(13) Bn:

{14) B-o:

(15) B-p:

KI1PZ and other facilities which so far depended solely o the Negonbo Road

will have fast and comforiable access (o Colombo Porl, Colombo Cily and

Colombo International Airport when the Expiessway is matesialized. There- .
fore, having one of the fundamental requiremenls of the mdustnes in the

GCEC Area of Aulhonly and the neighbouring areas sahsf’ed the develop-

ment of industries is expected to be accelerated.

Further, with the possibility to use the E)tpr'essway for the smooth tsansporls-
tion of agricultural products, to the Colonibo City, the market for fresh agri-
cultural products will increase thereby promoting development of agriculture
in the interior areas. . '

On the other hand a smooth distribulion of goods can be expected from
Colombo Port with the realization of Project B, and in this way, it {s possible
to contribule to the promotion of industrial developmenl and economic
growlh even from the point of view of national economy. :

The Expressway passas mainly through paddy fields, marshes and hills. Al
though there is a difference according to tand use, at present, the land prices
along the project road are about 1f3 — 1/15 tinmes thé prices along Negombo
Road. The land values in the areas surrounding the Project Roads will increase
wilh the realization of the Project.

Reduction in fransporlation cost will be expected with the smoothening of

traffic flow and this is expected to be reflected as some reduction also in the
price of goods.

-164-



_.‘_m_l.“,.,
i







CHAPTER 7 ESTIMATION OF THE PROJECT COST

1.1 GENERAL
T.I..l Pracedure for Cost Esﬁmation

 The proje_ci cost is estimated using the data collected on costs in the Phases I and 11 of
the Study and reexamined and updated with the information on basic cost presented by
GCEC and the other relevant government agencies.

The cost estimalion process is summarized in Fig. 7-1.

tait Cost Aralysis

gase fost -

Cverkedd 3 Peofit
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: ' Supervision Cost 1
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e Seatton . [y [eonttosery 4 e
Length/lres Yainterance sRate
) Cost ger
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Fig. 7-1 Procedure for Cost Estimation

~ 7.1.2 Components of the Project Cost

The basic componentsof the project cost include:
~ Construction cost
: _'Land aquisition cost
‘Compeasalion
Detailed Fngineering & Supervision costs
Overheads
Takes and the conlingencies,
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Some of the above are composed of the Foreign Currency, Local Currency Components
and the Tax. The basic policy of cost estimation is as follows:

1) The project cost is based on the prices in the month of May 1983.

2) The exchange rate of cureency is :

1 US Doltar = 225 Yen = Sri Lanka Rs.23.00.

3) The conditions for the proportioning of foreign and tocal componénts are con-
sidered as follows:

4)

5)

6)

7)

a)

b)
<)
d4)
e}
)]

£)

h)

1)

ftem
Ali equipment, plant and material
for construction directly imported by
the contractor.
Cemenl, Asphalt and Fuel
Prestressing tendons for P.C. Beams
Mild steel bars
Labour
Raw materials such as sand, sfones and
ceushed stones which are locally available

Item
Major materials for pavement-
produced in plants
Secondary conceele producis such as
pipes, piles, U shaped ditches etc.
Timber materials for farmwork

Foreign

100
100
100

70

Foreign

100

0
0

Locat

=R =

30
100

100

Local
0 .

100
160

Land acquisition and compensation cosls are calculated with the unit cost presented
by GCEC.

Overheads of each unit cost are appropriated with 30% to both floreign and local
component,

Contingencies of project costs are assumed at 15% of the construction, la nd'acquisi-
tion cost. {This includes cost and compensation construclion changes and for a rise
in prices).

The cost of delail engineering and supeivision is assunied at 10% of the construction
cosi.
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7.2 UNIT COST ANALYSIS
7.2.1 Components of Unit Cost

The unit cost itself is divided into three parts, as foreign currency, local cusrency and
tax. The forcign cusrency and local currency includes two components, namely base cost
and overheads (including profit of contraclor).

Table 7-1: Percenlage of Cost Component

Hem Ratio
a. Basz Cost (Construction cost) 10
b. Overhead & Profig 03

of Conlractor
(When base cost is 1)

7.2.2 Labour Cost

Based on the data colected, the unit labour cos! is sel up as shown in Table 7-2.

Table 7-2: Labour Cost

{in Rs. at 1983 prices)

Item Unit Cost per Day
1. Unskilled Labour 58.4
2. Skilled Labour 89.7
© 3. Truck Driver £9.7
4. Operator 115.2
5. Foreman 1100

7.2.3 Cost of Consiruction Maferial

The cost of major materials for construction is defived aftes discussions with GCEC and
other telated government agencies and corpofations. A list of the cost of major matesials is
shown in Appx. Table 21,

7.2.4 Cost of Fuel

The cost of fuels used in vehicle operaling cost in the cconomic analysis is used also for
1he analysis of construction equipment as showa in Table 7-3.
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Table 7-3: Cost List of Fuel

(Rs.fLitse at 1983 price)

Item Market Cost
1. Gasoline - ) 12.03
2. Diesel Oil 6.75
3. Engine Qil for Petrol Vehicles 17.00
{Normail) _
4. Engine Oil for Petrol Vehicles 27.00
(Multi) |
5. Engine Oil for Diesel Vehicles 21.00

2.2.5 Construction Equipment

CIF coslts are the basic dala for calculating equipment expeaditure and they are shown
in Appx. Table 22, 23. Breakdown of major equipment operation cost is shown in Appx.

Table 24. Hiring charges of equipment per service day are calculated using the following
constants.

a) depiecialion rate

b) regular repairing rate ;

¢) repairing rate at the construclion site
d) managing charges

e) segvice period

f) standard annual service days

Results of hiring charge rate is in the tange from 0.093% to 0.052%. l{iling chasges of
equipment are appropriated as 100% foreign currency.

7.2.6 Result of Unit Cost Analysis

The results of unil cost analysis is shown in Appx. Table 25 ~ 27. This unit cost consists
of base cost and overheads (including profit of contractor).
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73 CONSTRUCTION QUANTITIES ESTIMATE
"}.'3'.1 General

On the basns of preiirnihaiy design on the Photo Contour Map of scale of 1:10,000 the
construction ‘quantities were estimated by each alternative section. The sections of the
road are shown in Fig. 2 (Summary).

73.2 Conslruction Quantities
Construclion quantities of each section of the roads are shown in Table 7-4.

Construction quantilies of each alternatives aré shown in Appx. Table 28, 29.

2.4 CONSTRUCTION COST
7.4.1 General

The construction cost is estimated by using the conslruction gquanlities of each section
and unit ¢ost :or each wosk. Fach unit cost is divided into three components namely,

foreign curfency, local currency and tax. The construction cosl in this seclion is the total
of these fac!ors '

‘Fable 7-5 shows the construction cost of each main work (earth work, paviag work,
miscelleneous work & bridges) in each section. The project cost consists of construction
cosi, land 'acquisilion confingency and enginesning service etc.

The project cost per km ‘of road is estimated at Rs.36 million for Project A and Rs.53

million for Pro;ect B. The praject cost of each altesnative used for comparison is shown in
Appx. Table 30.

7.4.2 Road Conslruction Cost

In the case of applying the unit cost in the calculation of rdad consiruction cost, the
items considered are as follows:

1). The respecme unit costs 2ccording to the hauling distance were used in the caleula-
fion of culling and filling cosl in order o improve the accuracy. For this reason the
carth volume of each hauling distance is caleulated by the mass cueve and the meihod
of cutling, havl and filling. Then cutting and filling cost is calculated by using unit cost
and earth volume of each hauling distance. The mass cusve of each section is shown in
Appx. Fig. 22. -

For cutling and filling temporary roads are to be used and for borrow filling the use of
exisling roads are considered.
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2) The unit cost of sand for sand mat, which shall be sea or river sand to be supplied
by the local contractor, differ in Project A and Project B according to the average haul-
ing distance.

3) Sand for sand drain and sand compaclion piles shall be'_,well-g;raided with a high
permeability. For this season, unit cost of river sand supplied by dredger pump is ap-
plied in the estimate.

4) Crushed stones and soil cement afe used for sub-base COUfSe'Soil cement is applied
to Seclions (k-2) and (K-3) du¢ to inavailability of tock in lhns area and hence the
crushed stones which is to be produced in 2 crusher plant.

The cosi difference of these {wo items is small with R§.33:Sfm’ for crushed stone and
Rs.340/m* for soil cement.

S) Agegregates which can be supplied locally are akunied :to, be of granite ;)r gneiss in
origin and are considered not to have sufficient bonding with 'asp_l'{all. Therefote, cement
is considezred as the fifler on the estimate 6f the paving work.

7.4.3 Structure Consfruclion Cost

As for the major stractures, the cosfs are esttmated one by on¢ usmg quantities of major
materials, items of work and their unit costs,

Whereas the cost of minor struclures ate estimated by seading a graph prepared for
major malerials of standatd design and their unit costs, _accofding to the sile t_opogr;iphy
and other conditions. The unil consltruction cost per M? of the PC super-strucluses is
shown in Fig. 7-2. :

The consiruction costs of major struclures are given in Table 7-6.

The construction costs of gepresentative standard design staucturés are given in Tablk
7-1. '
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Construction Cost
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Fig. 7-2: Unit Costs of PC Beam Superstructure
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Table 7-6: Construction Cosis of Major Struclures

(Unit = 1000 Rs.)

Breakdown Cost
[tem : = ———
Foreign Local Tax Total
1. Port Entrance Box _ _
Culvert  ( P1-Scction ) 3384 2136 518 6038
2. Demolition of
Peliyagoda Structures : . _
{ P3-Section ) 9590 1,278 136 2,366
3. Horape Railway _ ; _
Flyover ( K1-Seclion) 5556 5154 740 114590
4. Ja-Ela Canal Bridge } .
(K2 -Section ) 27142 3212 294 6250
5. Dandugam Oya Bridge . :
( K3-Section ) 7,962 5106 702 13770
Table 7-7: Censtruction Costs of Standard Designed Structures
(Unit = 10600 Rs.)
Breakdown Cost
Item . :
Foreiga Local Tax Total
. Pretensioned beam | L=10m 282 224 46 552
Superstructure »=13m 418 260 72 750
L=16m 506 4104 90
. Post tention beam L=19m 980 402 56 1,438
Superstructure L=28m 1,748 714 y8 2560
L=35m 2354 Y60 132 3446
. Box Culvert V=5mx5Sm 589 517 112 1,218
V=6mx6m 752 619 140 1,511
V=TmXTm Y38 735 172 1,845
V=8mx8m | 1,140 862 207 2209
4. Pipe Culvert D= ¢09m -9 16 2 217
(10m ) D=¢12m 18 26 3 47
D=¢15m 26 41 5 72
D=¢18m 39 57 7 103
. Abutment H=4m 13¢ 100 22 252
(4 Lanes) H=6m 248 184 44 476
H=8m 398 292 72 762
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7.5 LAND ACQUISITION COST AND COMPENSATION
1.5.1 Land Acquisition Cost

Unit costs of land acquisition is estimated in Rsfm? wusing the data piesented by GCEC.
These unit costs are classified into those of the nine area (Colombo, Peliyagoda, Ragama,
Kiribalhgoda, Kandana, Ja-Els, Ja-Ela Suburbs, Gampaha and Katunayake) and into 3 land
catlegories (such as, residential coconut lands, paddy fields and marsh).

The unit cosls range between 70 and 1200 Rsfm?, for residential lands between 8 and

320 Rsfm? for paddy field, between 6 — 280 Rsfm? for marsh. Details are shown in
Tablke 7-8.

Land acquisition costs of each section are calculated by multiplying land areas to be
reseived for the fead in each s¢ction by their unit costs.

Land acquisition cosls and compensation costs in section 7.5.2 are based on the data
_obtained from the relevant A.G.A. Divisiens. As these dala vary widely the costs used
in this estimate are the average values,

Table 7-8: Unit Cost of Land Acquisition

: ¢in Rs.fM? at 1983)
Name of Arca Residential & Paddy Marsh
Coconut Lands Field

¢ Colombo 1,190 317 278
e Peliyagoda Nz 158 119
¢ Ragama 119 14 8
¢ Kiribathgoda 198 14 8
¢ Kandana 159 12 10
¢ J3-Ela 198 10 16
¢ Ja-Ela Suburbs 13 8 3
¢ Gampaha 159 12 6
¢ Katurayake 238 10 8

Source : Valuation Depariment

7.5.2 Compensalion

Compencatmn cosls are estimated into two categories namely, densely populated areas
and less densely populated areas, with refesence lo aefial photo maps and field survey.

And theis costs are estimated using unit cost per kmi for the proposed route given in Table
19.
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Table 7-9: Unit Cost of Comypensation

' (1000Rs)
liem Unit Cost
Vﬁensely Populated Areas 1 km 4,980
Less Densely Populated Areas km ' 885_

The basic unil costs are the same as those for land acquisition, (Table 7-10)

Table 7-10: Baisc Unit Cost of Compensation

- {in Rsfm?)
Classification of House Cost
Fine House (mote than 103 m?) _ 700
Common House (50 — 100 m?) |1 1800
Small House (less than 50 m?) 1,500
Shanty ) - 150

The compensation costs are included in the land acquisition cost. {See Table 7-5).

7.6 MAINTENANCE COST

This project road is the first Expressway Project to be p'lanned in Sri Lanka. Thesefore,
the available dala for the estimation of maintenance cost limited to ordinary highway and
are nol sufficient for this study.

As theze is no direct co-relation beiween maintenance cost of existing road and that of
this project road due to the difference in pavement system el Therefore, the data from

South-East Asia and Japan were referred to in sefting up the policy of maintenance cost
estimation.

Maintenance cost consists of the following items. The policies of cost estimation be-
tween Project (A) and Project (B) differs.

(1) Resurfacing Cost

(2) Sweeping Cost

(3) Electricity Cost

(4) Miscellaneous (= (1) + (2) + 3} x 0.1)

Maintenance cost por km ate calculated based on the above costs and summarized in
Table 7-11.
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Table 7-1%: Annual Maintenance Cost

Unit: RsfKm year
Items ' Project (A) Project (B)
Resurfacing Cost 71820 89120
‘Sweeping Cost 62225 24335
Electricily Cost 17125 19685
Miscellaneous 15120 13310
To1at 166290 146450

Table 7-12: Periodical Maintenance Cost

{Rs{Km)
~ Period Project (A) Project (B)
After 5 years 2257700 3226700
After 15 years 1613400 2257100

The above cosis .consist' of {ax. Annual maintenance costs of both Project (A) and
Project (B) are divided with 76% for foreign, 19% for locsl and 5% for tax. Periodical

maintenance costs are divided with 86% for foreign, 6% for local and 8% for tax respec-
tively.
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CHAPTER 8 PROJECT EVALUATION

3§ GENERAL
8.1.1 Procedure

The procedure for the evaluation of the Project Road is summarized in Fig. 8-1. The
imporfant parts of the evaluation are strongly connected with the traffic forecasting ang
especially with the tiaffic assignment. The economic benefits reatizable from the imple-
mzntation of the project are the savings in the fraffic cost which were quantified through
effectiveness of traffic movement on the road network including the proposed road. The
(;a{ﬁc:cosl was eslimaled by applying the vehicle operating cost per Km and the passenger
time vahie per minute to the trafiic on roads through a computer simulation.

' ]nve"_s{menl cost and maintenance cost of the Project Road were shown by economic
cosi: Transl_‘e'r elements in the (‘oﬂ such as taxes and dulies were deleted. Invesiment cost
and m;aintenanc'e cost of the Project Road were divided into foreign and local components.
Shadow exchange rate and shadow wage rate were applied by each component to arsive

~ al economic cost.
8.1.2 Indicators for Economic Evaluation
Three lyges of economic indicators were used in this economic evaluation.

(1) Internal Rate of Return (LR.R)

The LR.R. shows the discount rate which gives the break even point between the
“present value of benefit and that of cost as given by the following formuta:—-

B(R) —-C(R) =0

Bt
B(R) = (1 + R)
=1
n-1
C1
C® L Ry
=0

{(R): Inteinal Rate of Return
By : Benefitin the year {t)
Ct : Costintheyear (1)

n - Project tifein years
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Preparation of Alternative
Plans of the Project Roads

{

Economic Cost Estimate
of the Projecl

1

Traffic Assignment on the
Road Network with Project
and without Project

Unit Traffic Cost Analysis:
Préparation of Vehicle Opera-

ting Cost, Travel Time Value
- - _ - . - I
1 Traflic C‘osl_ Calculation
Benefit Estimate
-Calculation of Evalua-
tion Indicators
1. LR.R.
2.NPV.
3.BjC
X I _ Qualita_ti\'elAnal)'sis i
Choice of the Best of the Project Road:
Plan Socio-Economic
: Impaci
b
Sensitivily Analysis
= _J

Project Evaluation

Fig. 8-1: Procedure for Project Evaluation
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In order that the project be economically feasible, the I.R.R. should be more than
the opporlunity cosl of capital in Sri Lanka.
(2) Net Present Vatue (N.P.V.)

~The N.P.V. will indicate the difference between the discounted benefit and cost
using the rate of opportunily cost of capital. A positive N.P.V. means the project
is economically feasible.
(3) Benefit Cost Ratio (B/C Ratio)
The BfC ratio is the ratio obtained by dividing the preseat value of benefit by that
of cost:—

Benefit Cost Ratio = B/C

where
. B1
B = ~ Q)
n-1
L &
C =

E (l ¥ i)l

Bt : Benefit in the year (1)
Ct - Costin the year (1)

i : Discount rate

1 : Project life in years

8.2 ALTERNATIVES

Preparation of alternatives is imporiant as the fisst step in the project analysis. In
general, economic evaluation is one of the decision making tools to select the best answer
among the appropriate alfernatives.

Many alternatives were discussed from the engineering and some other points of view
with respect to the following items (refer to Chapter § Section 6 and 7).
Roule
Cross-S¢ction |
Access to the Expressway (including number of inlerchangesframps)
Stage consfruclion

And finally, the alternatives for economic evaluation were decided upon § cases as
shown in Table 8-} for the purpose of this Study.
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33 ECONOMIC COST ESTIMATES
83.1 Construction Sche’du!e for Economic Cost Estimaies

Constn'léjidn so:heduifz is one of the factoss that influence the results of the project
evaluation. But the detail construction schedule is to be established in Implementation
Plogféﬂ" The Pfflimiﬂary <onstruclion schedule for the evaluation is assumed as shown in
Fig. 8-2. Accordmgly, the project road is assumed to be opened to traffic in the year 1990.
Tt is necessary to app!y the same constsuction schedule (o each of the cases, although the

scale of investment is different from each other, in order to exclude the influence of
different schedules in the evalualion,

$a the construction schedule of case No. 4, the same schedule pattern as for the first
stage is applied (o the second stage. These construction schedules are only tentative ones.
In real situations, other coaditions such as firancial and political aspects should be taken
into :zicc()unl in _lhe'p:epafalion of the Implementation Program.

1985 1986 1987 1988 1989 1990

Engme-:rmg Sen ice £

Land Acquisition

Road Construction

Fig. 8-2: Peeliminary Construction Schedule

8.3.2 FEconomic Cosi

The estimation of thé Project costs was already described in detail in Chapter 7. The
Project costs consist of land acquisition and compensation cost and construclion cost
(inctuding struciure). Conlingencies and Enginecring Fees were estimated as well.

- For the ‘economie e\'aluation. of the Project, the costs (and benefits) should be shown by
economic values. Therefore, the following modifications were made to estimate the

economic cost:
1} Transfer elements in the coslt such as faxes and dulies were deleted.

2) Shadow Evcchange Rate (SER) was applied to the foreizn currency component and
Shadow Wage Rate (SWR) was applied to the local curreney component making
© allowan¢e for the matkel distortions.
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In this study, the conversion factors to madify the foreign ‘component and Iééai ¢om-
ponent were estimated to be 1.08 and 0.98 respectively by considering SER and SWR
(The concepts and calcualtion process of SER and SWR are explained in Appendix 4),

The resulis of the economic cost estimates of each alternatives ate shown in Table 82.

The marsh areas and other unused areas through \i'h_idi t!ie_Ptojécl 'Rqa'd'w'ill ﬁass will
remain in that state even in the future if the Project Road is'nol constructed, therefore,
opportunity cost of fand is negligible. ' '

Table 8-2: Economic Costs by Cases

© (1 Rs. 1000, 1983 geices)

Local Cermency
Foeeiga 1an5 Cocstroction _ : Tt | Eiondoic Cost
Case N, | Quaendy | Acquisition !lll SubTol Tk {Firancal | 108 x{1}s(2)
u) ) ' ' Costy 10481
i 61310 38630 21850 - 65150 5950 335745 138378 __.‘
2 115750 35630 13010 151650 | 15450 | 300910 - 30
3 12240 | 163500 191550 361350 47150 93340 | 91N
4 ¢ | s 38530 ° 13020 TBE1859 | 13430 W0 0032
s | 512249 165300 193850 353350 -1 41750 923340 1212
1er | oesson | 2030 267870 415000 | 63130 | s226730 PRI
5 638920 7130 261370 475509 83230 § 3216180 | ¢ wnazvos
Note - lm:hzc!irgczﬁxer‘r;l’éc 1 ecatingemy.
® oz Fast Stage
19 Sevced Strpe
ase = TQ‘-’]

8.3.3 Steeam of Economic Costs

As explained in Fig 8-2, the implementation peried of the Piojec{ Road will take about
5 years. Allocation paltern of investment cost during that period was assumed as shown
in Table 8-3.

Table 8-3: Stream of Economic Cosis

N w9as | 196 | d9sr | 1988 | “resse

Engircening Service 60z 40% - — -
Land Acquisition - 160% - - -
Read Constrction - - 0% 50% “30%

In case of the second stage of case No. 4, the same altocation p.aitlemE described above
was applied.

-184-



8.3.4 Maintenance Cost -

The maintenance cost which is described in chapier 7 was used for the economic evalua-
tion.

: VUn:it oosi f(l_iﬁll(m)l of annual and periodic maintenance costs are shown in Table 84
and Table 8-5.
Table 8-4: Annual Maintenance Cost of Project Road

(Per km in Rs 1000 1983 Prices)

_— o (i) {1 Economic Mainle-
Pegject Foreign Local | Tax Total } nance Cost
Qurrersy Currency 108 x(1)+¢2)
" Projéct A - N
(Expressway) 1234 1 5 1.9 166 4 1634
Project B = :
(New Post Access) 1089 199 1.1 1465 1475

“Table 8-5: Periodic Maintenance Cost of Project Road

{Pes kin in Rs 1000 1983 Prices)
. n (¥1] Economic

Froject Fotelgn Local Tax Total Cost ‘

Quminsy Cutsency 168211 (2)

Poject A. | 1 | 19464 t414 | 1699 | 22577 22428
(Expressway) {11 | 13909 1013 | 1214 | 16134 16033
- PQ’J"*‘I‘.,BH 1| 21319 | 2003 | 2028 | 32268 3206.6
e e |1 [ 19%64 1414 | 1699 | 2372 22435

Note 1 : Ovedlay cost S years after opening
1 : Overlay cost 15 yearsafler op<ning
Conversion factof is 2pplied to the Foreign componeat orly
because Ihe weight of the Lol component 21¢ small.

84 TRAFFIC COST ESTIMATES
84.1 General .

The traffic cost on the road nelwork can be composed of two components: vehicle
operaling ¢osl and teavel time cost. The first step for estimating traffic cost is to decide
the unit trafiic cost: Rs]l{m and Rs/minute. In the second step, these unit cosis are applied
to trafiic asignment.-'merefo:e, the teaflic cost estimate is closely associated with the
computer simulation process of traffic assignment (refes to Chapter 4).
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Every zone pair trip in the OD matrix was sliced into portions (0.2, 0.?,_, 0.2, 0.2 and
0.2). The zone pair trips in a sliced group could find a minimum time path on a given net.
work under given conditions. ' ’

When the paths for all zone pairs were delermined, these trips were assigned lo the road
tinks of the paths. On each link of the path, the trips were summed up to a volume which
was associated with the daily capacitly and a quantily — velocity formula which indicates
varying travelling speed corresponding to various levels of traffic volume.

When the assignment and summation were 0\'ér, the travel speed for the link was esti-
nated. This speed was a condition with which the second sliced gioup of the zone pair
trips would find the minimum time path. In this way the repetition of minimum time path,
assignment, summation, and the travel speed defermination was condicled by five times
on a given network condition, -

The traffic cost was estimated by using the lra\"elling: speed on each tink at each repeti-
tion, and the summation of five repetitions brought in the traffic cost per day.

8.4.2 VYehicle Operaling Cost
(1) Vehicle operating cost

Vehicle operating costs (VOC) are composed of {uel consumplion, lubricating oil
consumption, tyre consumption, depreciation, maintenance (patis and labour), capital

and interest cosl, crew cosl, registration fee, insurance fee and overhead cost (standing
cosl).

Vehicle operating cost of the representative vehicle types is estimated as in Appan-
dix. 5. The summary is shown as the basic VOC in Table 8-6. Caused by frequent
spced changes in congested traffic, the YOC increases in response to the increasing

traffic congestion. VOCs in different speed levels were also estimated and slaled in
Appendix S,

{2} Vehicle types and vehicle operating cost
VOCs were originally estimated based on the following vehicle types:
1) Motoreycle )
2) Tiicycle
3) Passengercar
4) Taxi
$) Van, Wagon, Pickup
6) Bus (SLCTB)
7) Medium & Micro bus (Private line)
8} Medium lony
9) Heavy lorry & Conlainer trailer
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And then, these costs were pul together info two categories: i.e. cars {including
privale passenger car, taxi, buses, but excluding motorcycle and tricycle) and lorries
(including van, wagon, pickup, medium & heavy lony and conlainér {raiter). The pu-
pose of this classification was to fit the kind of vehicle with those dealt with in the
forecasting of traffic demand. -

When VOC for cass delermined as in Appendix 5 was applied l‘p_f the traffic assign-
ment, the weighted VOCs at 68.1% for private passenger cars, taxis, 12.2% for CTB
buses and 19.7% for medium & micio buses (private lihe) were used. For the VOC of
lorries the weighted mean of 46.5% for vans, wagons, pickups, 11.6% for medium lorry
and 41.9% for heavy lorries, conlainer frailers was laken into account. These percent
shares were determined by reviewing the traffic composition of_ the traffic survey in
February 1983. The values of these weighted VOC by e‘ach'Speed level are shown in
Table 8-7.

Table 8-7: VOC (Applied to Traffic Assignment) |

(Rs/ 1000 km)
_ Speed ‘ - ; : - o

m Sty | 10} 15 ) 20 | 25 | 301 35 | 4o
Cars 7166 | 4942 | 4007 | 3453 | 3095 | 2838 | 2654 | 2521
Lorries 9155 6325 | 5181 4386 | 3937 | 3602 | 3338 | 318}
Speed } ysammmy| so { ss | 60 | 6s | 0] 75 | s0

Vehicle .
Cass 2415 | 2337 | 2279 2235 | 2217 | 2224 | 2234 | 2266
Losries 3028 | 2938 | 2870| 2836 | 2812 | 2817 | 2840 | 2894

84.3 Time Cost

Savings in time ¢ost of passenges movement should be measured in terms of money
and quantified in economic evaluation. In (his study, the time was associated with income
tevel and assessed in terms of economic cost. The two types of unit time cost (Rupeesf
minule) were prepared: —

1} Unit time cost for car-owning group

2) Unit lime cost for non-car owning group

According to a previous survey conducled by the Central Bank of Cej.'!on, high¢r income
groups {end to spend a greater share of their income on teansport (seé Fig. 5‘3). And itis
also pointed out that there is a marked inceeasé in mean expéﬂndilu;e (per spending unit)
among those in Rs.1500 — Rs.2000 monthly income category (se¢ Fig. 8-4). This income
group probably constitules the threshiold for the possession of motorised vehicles!.
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By using this information, avesage monthly income per spending unit was calcwdated in
Table 88 which represented that the average income of non-car owning group and of
cas-owning group were Rs.651 and Rs.3035 respectively. If we consider the average in.
come of 1983, the above figures should be raised by the annual rate of 20% (the average
annual rate of increase of per capita GNP shown in Table 8-9) resulting Rs.1367 and
Rs.6374 respectively. These are the figures per spending unit and per month. Therefore,
average number of income receivers per spending unit, average number of working days
per month and average working hours per day are applied to oblain the income per pérson

pes hour as—
Car owrning group
Rs.6374 = (Average No. of income receivers: 1.64)

(Wosking days per month: 23 days)
(Wosking hours per day: 8 hours)
Rs.21.12{hour

Non car owning group

Rs.1367 + 147 + 23 + 8 = Rs.5.05/hovur.
Furthermore, it is reasonable lo assume lh.at the pas.seﬁger’_s travel time value is dif-

ferent depending on the trip purpose. The lime vatue factors shown in Table 8-10 were
applied in this study.

Table 8:8: Income Distribution of Spending Unils

Spending Units Cne Month
Income Group of No. of Average No. Income Average
Spending Unit Spending of Income (il n; Income
(Rs. for I month}) Units Receivers $- (Rs.)
(Non-car owning gioup) : )
0 — 1500 2,432 1.47 4,835,846 | 651
(Car owning group) . N . _
o0 952 1.64 2,889,626 3,035

Original Sourse: Central Bank of Ceylon, ibid.

Note }): Central Bank of Ceylon, ‘Report on Consumer Finances and Socio-
Economic Survey 19781979 Ssi Lanka® March 1983,
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Table 8-9: GNP Per Capita

{Rs. Million}

GNP per Capita

1978 { 1979 | 1980* | 1981+ | 1982+
(a) Cusrent prices 2936 | 3424 { 4194 |S179 ] 5904
* (b) Constant prices 1221 | 1274 | 1320 | 1352 {1399

(1970)

R

Average Annual
Rate of Increase

(1979 — 1982)
20%
3%

Sougce : Central Bank of Ceylon “Annual Report 1982°

Note : *Provisional

- Table 8-10: Time Value Faclor by Trip Purpose

Trip Putpose

Time Value Factor

To and from work
Work and Business
" Others

50% of housiy incoms

100% of houtly income

No value

Time cost of each type of vehicle is calculated by the following formula:—

P
L]
0

2112 x Np x 2AT; - R)
]

Cg = 505 x Ng x 2T, - R)

N, : Average occupancy of passengef caf

RI . Time value factor of Liip purpose 'V

Cyg : Time cost of bus, laxi {Rs/hour, per vehicle)

Ng :  Average occupancy of bus, taxi

p 1t Timecost of passenger car (Rsfhous, per vehicle)

T, : Composition ralio of teip purpose i* for passenger car.

T; 1 Compaosition ralio of trip purpose ' {or bus, faxi.
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Calculation and data are shown in Table 8-13%.

Table 8-11: Calculation of Travel Tinte Value

—_
Type of Bus
¢chicle Private Taxi — : —
Passenger Car ’ SLCTB - Privale Line
{temns _ : :
X X )] Without 1) | i N E -3)
Avetage Occupancy 3.30 Dsiver 191 384 150
Housdly Income Rs2b.12/he Rs.5.05/hr Rs.5.05/h1 Re.5.05/h
Composition Ratio ‘ ' Ci
of Trip Purpose 1) - 1) 4) 4)
To and from work 45.2% 17.4% 400% - | 40.0%
Business - Be% 360% 1502 | 1som
Cthers 309% 46.6% 45.0% 450%
Total 100.0% 100.0% 1000% | . 10002
| Time Valve Faclor 7
1 Toand fiom work 0%
Business 100
Others _ 0%
Travel Time Valve .
per Hous per Yehicle Rs.32.41/hr Rs.4 33/ hy Rs.67.8?flu Ras.26.51 fhr
Composition Ratio of .
Traffic Volume 1) 0614 0067 0.122 | 0.197

Note: 1) Feom traffic sumvéy in Fcbnlary 1983,
2) Statistics Deparlment of Centsal Bank of Ceylon
‘Economic & Sovisl Statistics of Sti Lanka® Vol. 11,
No. 2, 1980.
3) ‘Transport Requirements of the GCEC area® Interim
= Report, Octoder 1980,

4) Composition raties of Irip pu;pose ol’ bus users were
nol available. Therelore, satio of bus traflie flow
during corunaling hodss (6.00 ~ 900 AM, 400 ~
7.00 PM) obtained from the result of the traffic count-
ing survey was substiluted for the 5stio of ‘To and
from work. And the ratio of ‘Business® purpose was
assumed 10 be less than that of Passeniger car.
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Furiher, it is ’_"39'5-55333’710 note that the saved time is not always used in other produc-
tive aclivities. Considering the Sri Lanka economy, in which resources and labour are stifl
to be fully employed although the economy has developed steadily, the preliminary time
cost of Table 8-11 are to be halved as follows:

Private passcager car Rs.16.2 1/hour per vehicle.

Taxi Rs. 2.16fhour per vehicle.
SLCTB bus Rs.33.94/hour per vehicle.
Private line bus Rs.13.26/hous per vehicle.

Namely, ‘oppor{unily cost of time® was assumed o be a half of the carning rates.

Applying the composition ratios of traffic volume which are shown in Table 8-11,
weighted economic travel cost of Cars was decided at Re16.85/hour per vehicle
 Rs.0.281/minute). '

8.5 BENEFIT ESTIMATES
8.5.1 Benefits Accounted

Many kinds of benelits {or economic eflect) will be generaled from the construction of
new roads, In this study the beaefits listed below were estimated quantitatively.

¢ Vehicle operaiing cosl saving

¢ Passenger travel time cost saving

Namely, the benefit is estimated as the difference of the traffic costs between “without™
and “with' project.

8.5.2 Benefit Calculation Method

As explained in previous section, traffic cost estimates are associaled with the traflic
assignment to road network. Formulas described below were applied to traflic assignment
PIOCess: ’

- NY ST VORLORL
= Ea-z Z : o |
(Ic) P rRoL @
Here, (TC) : Total linte cost.
%o Ur‘z'i_l time cost of vehicle {i)
RQ'; : Assigned teaffic volume of vehicle (i) on link (L) at the (R)th ¢xcution
" ofassignment(R=1....5)

IR L + Travel minutes of link (L) at the (R)th excution.
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Therefore, time cost saving is shown as follows:—
(B) = (TCW0 . (10)¥

Here, (TB) : Time benefit
(TC)\"Y0 : Total time ¢ost in without case.

(TC)“’ :  Total time cost in with case.

Simitarly, for vehicle operaling cost:
y R L L RLS
(10) = E%z,}q SR

Here, (TO} : Total vehicle operating cost

bY : Distance of Jink (L)

$ : Unit cost (Rs/Km) of vehicle (i) related to the speed (8) of link (L)

8, at the (R)th excution.

And,
(RB) = (TOVO _ (r0)¥
Here, (RB) : Running cost saving

(TOYWO . Total running cost in without case

(TO)W : Total running cost in with case

8.5.3 Benefils Calculations

Using the network assignment model and above mentioned calculation method, taaffic
cost and benefit of each caswe were calculated as shown in Table 8-12 and 8-13,

In the process of calculation of vehicle operating cost (VOC) shown in Table 8-12, the
shadow exchange rate (refer to section 8.3 and Appendix 4) was applied fo the foreign
component in VOC (such as imporl CIF price of vehicle, fuel, oil, lyte) So, *economic”
vehicle operating costs are expressed in the table,
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Table 8-12: Estimated Traffic Cost 1990, 2000

{Economic Cost per day, Rs.1000 in 1983 Prices)

Case. Vehicte Operating Cost Passenger Time Cost

| Ne. 1990 2000 | 1990 2000

(Without case) | 8030 18466 601 1432

1 1852 18192 573 1389

2 11761 18050 531 1334

3 7941 17390 549 1303

4 1761 16769 s3t | 1118

5 7692 16769 436 1118

2(H) 7750 18064 | 530 1342

Table 8-13: Benefit Calculation

"(Rs.$000 Per Year, in 1983 Prices)

Case: Veg;.:;: ga 13_?:;!;“3 Time Cost Savings Total Benafit
No. 1990 | 2000 | 1990 | 2000 | 1990 | 2000
i 64970 | 100010 | 11315 15695 76285 | 115705
2 98185 | 151840 | 26645 | 35770 | 124830 | 187610
3 32485 | 392140 | 20075 47085 52560 | 439825
4 98185 | 619405 | 26645 | 114610 | 124830 | 734015
5 123370 | 619405 | 43070 | 114610 | 166440 | 734015
201) 102200 | 146730 | 27010 | 32850 | 129210 | 179580

Note :

Case No. 2(11) is the case when the High Embankment Type
is adopted to Section P-3.
1t is temporarily added for the reference.
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8.5.4 Development Effect

(1) General

As widely known, the construction of road and its openiag to traffic give the sOCisty
multiple effects {including not only positive but also the negative ones). The positive
effects estimated in previous section are only parl of them, named “direcl effects”,
There are many other “indireel effecis”, but their quantifative evaluation is ek!remely
difficult, and need a sophisticated analysis because of thelr complicated feature. There-

fore, in this section, qualitative approach will be held from some aspecls to analyse
them.

{2) Forward Linkage Effecls

The effects generated before the completion of the project road ase called “Forward
linkage effect”. A sepresentative one is multiplier effect of the investmenl. The total
investmenl cosl of Project Road (including Project A and B) are eslimated as aboul
1200 million Rupess (in 1983 prices financial cost). When postions of these amounts
are invested every year during the consteuction period, that investment will stimulate
the rest of the economy and‘ induce another investment or consumption. This effect
is not merely a localized one but a nation-wide one. In addition to this effect, Project,
in itself, requires about 460,000 man days of workers to be directly involved in ils
implemenlation, with compared to-the figure of 857168, the number of unemployed
persons in the whole island as surveyed in the Census in 19806/81. Therefore, the Project
will provide the people farge opposlunities of employment.

(3) Backward Linkage Effect

The elfects generated after completion of the project are called “*Backward linkage
effects”. So called “Development effects” are included in this category. Three aspects
are adapted to approach them: frafiic aspect, economic aspect and sociat aspect.

1)} Traffic aspect

In genesal, a mixed teaffic inlerrupt the effective uﬁe of road nelwork. Therefore,
through traffic or heavy vehicles (such as container {failers) should be excluded
from the communily roads. The Post Access Road and the Expressway will
share in that imporiant rofe.

2) Economic aspect

a. The measure of sirategy
There ate three main cores in the project area: Colombo Port, Investment
Promotion Zone and Colombo Airport. The project road will connaci these
cores directly. Namely, the project road will be uiilized as a tool or measure

of regional development slirategy and the produclivity of these cores will
2rowW up.
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Othes main  development projects (Bloemendhal Development Project,
Peliyagoda Integrated Development Project, Third 1PZ, and so on) are planned
along the Poit Access Road and the Expressway. These projects can also be
implemented efficiently by the construction of the Project Road.

b. lacesntives for new industrial location

In addition to above mentioned projects, development of new location for

private factories will be accelerated and the preductivity of existing factories
wili also rise,

These new localions could be anlicipated specially around the interchanges
Of ramps.

¢. Expansion of (he market size
The construction of new roads, particularly the Expressway, will develop the
dbnnanl supply or demand places because of the reduction of trafiic costs. For
example, a supplier of agriculiural or industrial products who has been provid-
ing Negonibo with his products, will be able to supply also Colombe with his
part of producis by using Expressway.

3) Social aﬁpect

a. Uhhzauon for commuling
After constouction of Project Road, Commuters can arrive their pla(‘es of work
in a shorter time by using their own cars or Expressway buses. For example,
according to the result of the survey in 1980,1 27% of workerss of Katunayake

IPZ were commuling fromfto Colomnbo, Wattala and Ja-Ela. They can use
K1PZ interchange directly.

b. Deceniralization effect of urban population
The constrction of the Expressway will reduce the commuting time, as men-
tioncd above, and this makes it possible (o proniote emigeation of a part of
urban population to sub-urban areas.

‘When the deceniratization of urban population advances with the decentrali-
zalion of industries, the urbanization effect could be promoted inside and out-
side of cores such as Peliyagoda project, KIPZ, third IPZ and so on.

However, it should be pointed out that the development effects cannot be realized

only by the conslrucuon of the Psoject Road, but also the investments on the other
~ infrasiructures, such as water supply, electricity and private sector’s investments will be
needed.,

Note: 1) “Transpoit Requirements of the GCEC area”™ Interim Repoit, Octo-
ber 1980.
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8.6 ECONOMIC ANALYSIS

In this section, the ‘economical justification of the Project Road is smeshgated by com-
paring the economic ¢ost with economic benefit,

8.6.1 Premises

1) Construction schedule:
Preliminasy schedule and stream of economic cost during the consfruction period
are assumed already in Fig. 8-2 and 8-3.

2) Project life: 25 years.

3) Opening year for traffic: the year 1990 (as shown in Fig. 8-2).

4) Opporlunity cost of capifal: 12% _

5) Annual benefit streams between the year 1990 and year 2000 were estimated by

interpolation. And the annual benefits after the year 2000 were assumed to be the
same benefits as in the year 2000 by making allowance for the limit of forecasting,

8.6.2 Evaluation

The results of the economic evaluation (NPV, B/C, IRR) are shown i in Table 8 |4 and
the cost benefit stecams are shown in Table 8-15. .

The economic indicators raised in Table 8-14 prove that the project is economicatly
feasible with an internal rate of refum of 14.4% ~ 30.2% and a benefit cost ratio of
1.32 ~ 3,97 al a discount rate of 124,

Additional analysis on the structure of P-3 section (Lowbank or Iiighbankj ¢an be done
by comparing the indicators of case No. 2 with No. 2(}{) in the sanie table. The results

show that the Low Embankment Type is more feasible than High Fmbankment Type as
the cost of the tatter is higher than the former.

8.7 SENSITIVITY ANALYSIS

The purpose of the sensitivily analysis is o test the robustness of the priornities of
feasibitity of the cases by changing some faclors that affect the results, In this study,
the sensilivily lest was cenducted in such a way as shown below:

TEST (1) Benefit T —20%
Cost T H10%
TEST (11} Project tife 1 20 years
TEST  (III) Discount rate (Oppoflunily cost of capitalx 15%

The resulls of the tests are also given in Table 8-14. In all the tests, combination of
Projects A & B is feasible.
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g8 PROJECT EVALUATION

in deri?vingg suitable implementation program for this Project, it is necessary to evalvate
the Project nol merely from the economical aspects based on the results of econornical
analysis, but comprehensively also from the technical, social, environmental and political
aspects.

Compre_hensi_ve evaluation of the five cases selected for the economic evaluation can be
summarized as follows:

Case 1. fﬁipiem’entalion ‘of only Section P-1 and Section P-2 of Project B. (with
opening year at 1990).

a. Internal rate of réfurn is high with 30.2% and a benefitfcost ratio of 3.97.

b. The above high indicators of feasibility is due to the fact that large benefits
" ‘can be achieved by the systematization of traffic Mow from Colombo Port,
~ and by the diversion of heavy vehicle traffic from urban roads relieving traf-
fic congestion especially in the business centre, Colombo Central and
Coloimbo North areas.
¢. However, Imiptementation of Sections P-1 {and P-2, je. improvement of road
‘only up to New Kelani Bridge), will not necessarily solve the traffic problems
" in the area north of Cotombo City.

‘d. FEffect on the traffic on A-3 Road is small and the traffic problems there will
remain almost the same.

e. Asa fgsull, effect on the development of GCEC Area, especially the 1PZs will
be negligible,
f. Therefore, although this case is very favourable only considering the traffic

problems in the City and smoothening of Posl affairs, it does nol bring any
" practical direct benefit to the promation of the developmeat of GCEC Area.

g. [t can therefore be concluded that this Case is not a solution considering the
objectives of this Project. "

Case 2. -lmp]ementali{)n of entire Project B (Colombo Pori-Dalugama on A-1 Read)
a. 1RRis26.3% and the B/C ratio is 2.99
b. Assameasb)inCase L.

¢. Since Section P-3 provides a By Pass to A1 Road in the seclion between
Datugama and New Kelani Bridge, traffic on Kandy Road will be benefitted
specially by avoiding the Railway Level Crossing at Kelaniya.
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B

‘There is no suitable conné¢cling road 1o Negombo Road for (raffic on thay
road to be benefilted. Conditions with respect to traffic on Negombo Road
will remain atmost the same,

Assamease)inCase |,

In addition to £} in Case 1, this Case provides only a partial solution to traffic
congestion on Negombo Road and Kandy Road.

As same as gy in Case | above.

Case 3. Implementatlion of only the Expressway (with Opening Year at 1_9_90).

a.

b.

IRR is 14.4 and the Benefitfcost ratio is 1.32.

As far as the Road Sections K-1 (0 K-3 are (o be constructed as an Bxpress-
way, high standards of design, construction and mainlenance are fiecessary
to maintain safeiy and functions of Fxptess“ay ¥ Therefore in spite o!’ the
low volume of (eaffic lhal will use this Expresmay in the early years, invest-
rient will be high.

(*As an ¢xpressway, a minimum of four fanas mtl be requnred for technical
123sons.)

Even if the Expressway is constructed, it will serve only belweeh Katunayake
and Dalugama, and the urban roads south of 'l)alu'gama should be ir’\e'vilably
used to reach the City or Port of Colombo. Specnally with the Rallway Level
crossing and congesied roads any tfavel time savings gained from the Fxpre-.,s-
way would be wasted.

Construction of the Bxpfessway wiil induce and p:omdle developnient in
the GCEC Area and above all, improve the overall image of thé 1PZs and
Industrial Zones thereby promoting investrment.

it can be concluded that, for the Expressway o be effeclive, it is necessary
to improve the integrated road network and especially, since the majos
activitics of the GCEC Area is related to the City and thé Port of Colombo,
Project B is inseparable. In other words, Projects A ‘and B should be treated
as a SINGLE PROJECT.

Case 4. Project Bis opened by 1990 and the Expiessway by 1995.!

3.

The IRR is 24.6 and the B/C Ratio is 2.65.

b. Until 1995, the conditions will remain the same as in Case 2.

C.

Cost escalation due to inflation ete.; will be adversely reflected on the Ex-
pressway.

-202-



d. lmpacl of the Project on the GCEC Area will be realized only after year 1995

and thls would be too late from the point of view of the uvigency for the

" provision of the essential and vita! infrastructure in facilitating atiraction of
industries and promoling development of the region.

e T hergfore, it is concluded that the implementation of both Piojects Aand B

sll'oﬁlcj be executled simultancously in order to achicve the best effects of the
ENTIRE PROJECT.

Case 3. Simultanedug implementalion of Psoject A and Project B (with opening year at
1990).
a. l?mject is satisfactory for investment with as IRR of 18.5% and & B/C ratio
of 1.96.
b. Objectives of the Project are fully met with.

(‘ase 5, namely, the simultaneous implementation of Project A and l’ro;ecl B meets the
objnt;\es of the Pioject and is economically feasible. However, in the tmpleraentalion,
careful consideration should be given to the planning of annual investment requirements,
taking into account of technical problems and priorities within the Project. Urgency of
S:clion P-1 as a solution 1o a grave national problem, land acquisition, soft ground (reat-
ment by preloading method ete., to save costs are some of the priorities that need
attention.
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CHAPTER 9 IMPLEMENTATION PROGRAM

9.1 GENERAL

The pioject is Tea'sible, and moreover judging from the development elfects and the
- multiplier effects generated by the simulfaneous implementation of Project A and Project
_ B,itis chmmeng!ed to implement Projects A & B together.

9.2 IMPLEMENTATION SCHEDULE

The ini'p}enaejrit'alicn schedule presented in Fig. 9-1 aftes careful study is the most
recommendable, -

The total consteuction period is estimated taken inlo consideration of the following
basic data:

1) Number of workable days (excluding rainy days 2nd holidays)

2) Scale of construction

3) Numberof majos equipment avaitable.

9.3 INVESTMENT REQUIREMENTS

Based on the recommended implementation schedule, the investment requirements for
each year is'prﬁsen{ed with their breakdown into the cost of final engincering seevices,
land :iequisilion_ cost, and construction cost, and further divided into the foreign and

local _mmpoﬁen{s.: The prices are that of 1983. The investment requirements are shown
by each item in Table 9-1.
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CHAPTER 10 STUDY ON THE VIABILITY OF THE PROJECT (A)
AS A TOLL EXPRESSWAY

— FINANCIAL ANALYSIS —

10.1 INTRODUCTION

Financial analysis is usually carried out on projects which are accompanied with reve-
nue. Thesefore, in the case where Project A (the Expressway) is to be a toll road, a study
must: be 4?"6 not only from an economic viewpoint but also from a financial viewpoint
as well. The main objective of a financial analysis is to make clear whether or not the

evenue ﬁom the Pro e-.l 1lself is enough to carry oul implementation, maintenance and
operation, 'ch contents considered are the items below —

1) Investment costs (Consteuction cost)
2) Annual financial expenditure
& Maintenance cost
o Operation cosl
¢ Other financial costs
3) Revenue calculation |
4) Financial evalvalion indicatoss
. Re\‘enue]cOsl tatio
e Financial Internal Rate of Return (F.LR.R)
¢ Iavestment limit
¢ Repayment pesiod
S) Sensitivity analysis
6) Management system of toll road

10.2 \m’mob FOR ANALYSIS

~The melhod for financial analysis is summarized in Fig. 10-1. At first, the financial
costs conssst of construction cost, annual maintenance cost, annual operation cost and
other annual financial costs. Fach cost item includes transfer elenients such as taxes and
dulies.

Shadow prices which were applied to economic analysis were taken away in Ninancial
ana!)szs consequently, they are expressed in market price. Fusthemmore, the effect of
inflation on the consiruction cost is laken into account as well. Second, fosecast of future
teaffic demand after introducing tolf fee was carried oul and the toll sate that brought
about maximum revenue was studied. The procedure for estimation of future tralfic
demand is as follows: Every zone pair trip in future OD matrix was divided into § equal
pottions. First 20% of each zone paif teip was assigned to minimum trip cost path.
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Af:e[ assignment of firsi portion by each zone pair, these trips were summed up on each
link of the path, and associated with Q-V formulas which indicate the relationship between
traf ﬁc volu me’ Qnd travel speed. When the assignment 2nd summation were oves, the travel
speed for ﬂhe link was re-estimated. This speed was a condition with which the second
20% of each zone pair (rips would find minimum tip cost path. Traffic demand estima-
tion was carried oul by five repelitions of above-mentioned process. In order fo find out
the maxintuni sevenue paid, some tolt rate levels were prepared, and this maximum revenue
was adopied in the financial analysis.

By using financial project costs and toll revenue, four financial indicatoss listed below
were calculated:

(1) Revenue/Cost Ratio (RfC ratio)
The RJC ratio is obtained by dividing the present value of revenue by that of cost:

Revenue cost ralio = RfC

Rt
R = E Qa1 ')t
1=1
n—1 Ce
C= X ariy
=0
Here, Rt : Revenuein the year (t)

C¢ : Cosl in the year (t)
i : Rateofinferest
n : Repayment calcutation period in years

H R/C ratio is more than unity, the project is financially viable.

(2) Financial Interpat Rate of Retuin (F.LLR.R)

The F.LR.R shows the rate of interest which gives the break even point between the
present vatue of revenue and that of cost as given by the following formula:

R(r})-C(s) = 0

Rt
R(r) = ), a0
1=1
n-1
3
cw) = E (11 nt
: =0
Hete, r : Financial Internal Rate of Return

Rt : Revenue in the year (1)
Ct : Cost in the year (1)
n : Repayment calculation period in years
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If F.LR.R is more than the normal rate of inferest, the project is financially viable,
Namely, F.L.R.R means the maximum rafe of inferest that the project could pay while
repaying the project costs.

(33 Investment Limit

Investment fimit means the maximum investment cost that can be covered by the
annual revenue of the project and is shown by the following formula:

’ Rt Kt
G L T aeae

Here, G Investment limit
Rt : Revenuein the year (t)
Kt : Expenditure in the year (), such as raintenance ¢osl
and so on.
i : Rateof interest
n : Repayment calculation period

If the Investment limit is moze than the financial project cost (including the interest
cost during the construction period), the project is also financially viable. Fusther-
more, the above formula shows that the annual revenue ¢an cover the annual expendi-
ture such as maintenance cost, operation cost and o0 on as far as the Investment limit is
positive, even if the construction cost can not be covered.

(4) Repayment Period

In the above formula, when G is given a value and a is an unknown variable, the
value of n arrived through astriclion calculations is the repayment period (or Pay Back
Period). Repayment period means the minimum period needed to pay back the amount

of principal investment and interest. Therefore, the shorler the period, the better is the
financial condition.

Next, sensitivity analysis was cairied out by changing the factors as shown below and
the variances in financial indicators wete investigated.

1} Toll scheme {flat rale system, distance pro'porﬁonal system)

2) Composition ratio of foreiga portion and loca) portion.
3) Cost escalation

And finally, some suggestions on the foll road management system were provided in
order that the Project-A (Expressway) could function as a {oll road effectively.
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§0.3 INVESTMENT COST (CONSTRUCTION COST)

The fimancial construction cost of the Expressivay is estimated as Rs.923.5 miltion (in
1983 price) and according 1o the implementation program recommended in the economic
analysis, the cosl atlocation during the construction period is shown in Table 10-1.

Table 10-1: Construction Cost

(Million Rupees)

Year
1985 1986 | 1987 |} 1988 | 1989 Total

®1983 | , -
‘conslant price 864 | 2467 { 243.0 | 2430 | 1044 | 9235

®?§"ﬂ§_‘°“ e | 953 | 2856 | 2954 | 3100 | 1399 | 11263 | @/O

(3) Escalation rate: - ) Y0
10% pa. 104.5 | 3284 | 3558 [ 3914 | 1850 [ 13650 | DI

(@) Escalation rate:

, , @1
15% pa. 114.3 375.2 | 4250 | 488.8 | 2415 | 1,6448 1.8

When the annual cost escalation duning construction is assumed to be 5%, 10%, 15%,
{he escalatlion rate to the 1983 constant price is 1.2, 1.5, 1.8 times respectively.

10.4 MAINTENANCE COST

The annual maintenance costs and oveslay costs of the periodic maintenance costs 5
and 15 years after opening to traffic weee oblained as shown in Table 10-2 by applying
the financial unit cost (Rs.fkm per year).

Table 10-2: Maintenance Cost

(in 1983 price)

Items Unit Cost . o (‘osﬁl
| . B I (Rs. 1,000/km) (Rs. 1,000)
Annwval maintenance cost 166.4 4,232
Syears 22571 $7.425
| Periodic after oEemng T
matntenance cost 1S years L6134 45037
after opening ’
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10.5 OPERATION COSTS (INCLUDING TOLL COLLECTION COST)

Operation costs are the costs involved in the staff and facifitics necessary (o supervise
a tol} road. The amounlt differs depending on the size of the opérating organization, mod;
of toll collection, ete., and for this study, 1% ~ 2.5% of annual revenue were accounted
as cosi,

10.6 OTHER FINANCIAL COSTS
10.6.1 The Cosi for Contingency

In order Lo seflle unfofeseenable expenses, parl of the annual revenue should be ac-
counted as a cost. But in the case of a single independent tol road, such ¢ost may not be
accounted. In this study, 2% of the annual revenue was prepared for several cases and for
the rest of the cases none were prepased. '

10.6.2 Interest Cosls

Of the construelion cost, the interest of the foréign loan portion was presumed at
3% p.a, and on the other hand, for the local loan portion, the rate of the Ceniral Bank
of Ceylon 16% was applied with reference 1o the long teim capital foans in Sri Lanka
(see Table 10-3).

The composition ratio of foreign and local portion for Project A are shown below,

Foreign portion 55%
Local portion : 45%

Therefore, the weighted a‘-erage sate of intesest is aboul 9% ‘p.a.'AIthough the above
shares differ from year to year, the average sate of interest 9% was used for éach ye:r.

Table 10-3: Interest Rales for Long Ténm Capital Loans in Sri Lanka

Sources of Loans Raltes of Intefest

Undeée Cenlral Bank tefinance scheme 154 ~ 16%

Under priority csiteria approved by
Development Finance Corporation of 17% ~ 18%
Ceylon {(DFCC) and National Develop-

ment Bank (SDB)

Through Commercial Bank on satislying
tending criteria (market rate)

20% ~ 25%

15 June, 1933

Source : Bank Supesvision Depariment of Centeal Bank of Ceylon.
Note : Rate is decided on the basis of duration as well.
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