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Summary

1. Objeectives of the Study

The state of Sarawék is the largest among 13 states in Malaysia with a territory of
about 120,000 km? located in the northern part of Borneo Island.

- For its vast area, Sarawak has an extremely'undeveloped road network, with only the
First Trunk Road COhhecting the major towns along the coast. The First Trunk Road was
completed with a gravel surface in September 1982, and Sarawak seems to require the
construction of the Second Trunk Road connecting the coast with the inland areas as the

next step.

The subject of the Study is the Tatau-Kapit Trunk Road connecting the Tatau-Bintulu
area in the Fourth Division with the Kapit area in the Seventh Division by the Second
Trunk Road.

Located along the coast, the Tatau-Bintulu area is already connected with major

towns in Sarawak by the First Trunk Road.

Along with the development of LNG resources on the coast, Bintulu has rapidly
proceeded with port development and industrial development on the basis of the Bintulu

Development Project. This area has a future role as the industrial center of Sarawak.

Loeated in the inland upstréam area of Batang Rajang Basin, the Seventh Division has
a population of about 38,000 but remains less developed. The administrative and
commercial center of the Seventh Division is Kapit town, with a population of about 3,000
faéing the Batang Rajang. No roads conneet Kapit with other Divisioﬁs.

Given these circumstances, the Sarawak State Government attaches importance to
the conétruction of the Tatau-Kapit Trunk Road connecting the Fourth Division with the
Seventh Division by the shortest pbssible route, expecting development benefits from the
Project Road construction, namely the development of inland agricuiture and forestry,
ete. In addition, the Project Road passes by both the Hydroeleetrie Dam Project site at
Pelagus and the coal deposits area, with good potential to contribute to these projects.

The objectives of the Study is to complete an economic and technical feasibility
study on the construction of a part of the Second Trunk Road. This report consists of

three volumes as follows:

1. Main Text 2. Bummary 3. Drawings
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2.1

EMetmdology of the Study

Progress of Study

This study was exeecuted separately for Phase I and Phase II, in accordance with the

"Scope of Works" which was set up in February, 1982 by the joint work of the JICA
"Prehmmary Survey ‘Mission and the Malaysmn Government as follows:

(1

(2)

Phase I Study (from July, 1982 to December, 1982).

Several alferna’tive routes are studied according to the topographical map at a scale
of 1:50,000 owned by the Government of Sarawak State. The actual situation
reg_arding the topography, the. traffic and the socio-economy was investigated.
Using the results of the situation survey, the best route was selected, and the
d'rawing'extension of the topographical map with a scale of 1:10,000 was

‘determined. The details of the Phase I Study are stipulated in the Interim Report

submitted to the Government of Malaysia in December, 1982.

Phase II Study (from May, 1984 to August, 1985).

The refined best route was selected by using a new map ‘of the 1 kin wide area along
the best route. The map was of a scale of 1/10,000 and based on aerial photographs.
SUppIementél'tfaffic and socio-economiec studies ete, were conducted. Finally, a

‘comprehensive évalﬂation, including an economie evaluation, was earried out for the
‘project and the Draft Final Report was submitted to the Malaysian Government in -

February, 1985. The Final Rep'ort is to be submitted in August, 1985, incorporating
_reviSions based on the comments and the observations of the Malaysian Government

 given in May 1985,

2.2

Metﬁédology

- The work carried out Qby the Study Team may be divided into the following:

' 2 1 Phasel Study

' (1'). Traffic studies including an actual trafflc situation survey at Tatau and K&plt

ete.

B! Soeio-economic studies

(3) Alternative route studies by using a map with a scale of 1:50,000

"~ (4) Engineering studies on road construetion

(5) Best route selection and determination of the drawing’ extension of the

~ topographical map with a seale of 1:10,000 used in the Phase 1I Study.



2.2.2 Phase I Study

oy

@
(3)
(4)
(5)

Suppleme'ntal socio-economie study, including a supplemental traffic survey at
Tatéu and Kapit, ete.* '

Enginéér_‘ing studies ineluding sotl and geology

Refinement of the best route using a map with a scale of 1:10,000

Transport cost and construction cost studies

Eeonomic evaluation and comprehensive evaluation

The traffiec survey conduected in the Phase II Study is a supplementary survey
to account for the following situation change in the Study Area during the

interruption of the study ,

1. In Tatau, & new generation of car traffic has evolved, with subsequent
traffic pattern changes. )
2. In Kapit, traffic pattern changes are due to the approximately 50 percent

inerease in express launch services.

Table 1 shows the conducted Traffie Surveys in the Phase I and Phase II.

Table-1 Condueted Traffic Surveys

River Traffic Survey Road Traffie Survey

Survey '
Place Phase Vessel EX%I‘;SSSSGII;;g:ch Car
Traffic Traffio Traffic
I Conduected Conducted -
Tatau
i Condiieted Conducted Condueted
! Conducted Conducted -
Kapit
o I - Conducted -
Interview Interview Road-Sid_e
Survey Survey of Survey of Interview
Method Vessel Express Launch Survey of
Operators Passengers Drivers
Note:

(1) ‘Phase I éufvey'conducted in 1982
(2) Phase II survey condueted in 1984
(3) Vessel denotes speed boat, long boat and eargo ship

3



3.
(1)

(2)

(3)

Study Area
Geogrdphy outline of the Study Area

The Study Area has an area of appfoximately 27,000 km? in the central part of the
State of Sarawak, and encompasses a part of the Tatau District of the Fourth
Division and the Kapit District of the Seventh Division.

The Tatau District, the starting point of the Project Road, is located in the coastal
area along the South China Sea. The First Trunk Road was opened in September,
1982,

The major town in this distriet is Tatau. Urban development in Tatau started with
the opening of the First Trunk Road.

In the Kapit distriet, the terminal point of the Project Road is located in the less
déveloped area upstream of the Batang Rajang. The major town, Kapit, has a
completed urban development to some extent as the administrative center of the
Seventh Division.

The Project Area is divided into two parts, northern and southern, by the watershed
dividing the Batang Tatau Basin and Batang Rajang Basin in the area between Tatau
and Kapit.

Topographically,. however, the two parts are characterized by similar undulated
juhgle traversed by many ftributaries of the two rivers. .The population density is
rather low in this area, and transport relies only upon the river waterways.

Population Distribution
The Study Area represents 21 percent of the land area of the State, and its

population of 79,000 represented 6 percent of the State population in 1980,

The population density is 3.5 persons/km2, which is extremely low in comparison

with Sarawak’s average of 10.4 persons/km?.

Communities

. Most of the communities in the Study Area are eomposed of towns and Kampongs or

Long Houses. Fig_ll shows the distribution of Kampongs and Long Houses by 1-500,
501-1,000, and more than 1,000 population-size in the Study Area. Most of the
eommunities are scattered along the rivers in the Study Area.



Fig. 1. POPULATION DISTRIBUTION AND ZONING
MAP FOR TRAFFIC ANALYSIS
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(4) Industries

Forestry 'ahd agbiculture are -the major industries in ‘the Study Area, although
manufacturing is develbped in Bintulu. Agricultural activities largely depend on
shifting cultivation. Major agrieultural produets are paddy, rubber and pepper with
low activity.

The forestry industry has been very active in the upstream areas of the Sunga_i Anap,
a tributary of the Batang Tatau, and upstream of the Batahg Rajang and the Batang
Balléh._ Forestry production was 2,300,008 tons in 1981 in the Study Avea, and is an
impor{ant' export item, not only for the Study Area but also for thé State of
Sarawak. Forestry production provides inland people with cne of their major sources

of income.

4, Develo;_).mcnt Potential in the Study Area

(1) Hydr_oele’ctrié Project

Since Sarawak has abundant watér resources, hydroeleectrical power development is
expected to be the energy supply source for economie development.

In the Batang Rajang Basin, the largest river.in Sarawak where the Study Ares is
located, large secale hydroélectrical power projects have been proposed to supply
electrieity for energy consumption not only within Sarawak, but also for consump-
tion in Sabah and Peninsula Malaysia, ete. '

According to the Sarawak Electric Supply Corporation (SESCO), the hydroelectric
development program in the Study Area will proceed as outlined in Table-2. All the
proposed dam éon_struction sites are located in remote and sparsely populated areas,
éreating_ many problems for construction materials transportation. The Projeet
Road will contribute to the construetion of the hydroelectric dam at Pelagus, which

is to be completed in 2005.

Table 2 Hydroelectric development program in the Study Area

Name of Project

Generating Power

Year of Completion

Bakun 2,400 MW 1995
Murum 1,000 MW 2000 -
Pelagus 770 MW 2005
Balleh 1,000 MW 2010

Note: Loeation of Pelagﬂé dam is shown in Fig. 2.

6
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(3)

Mining Resource Development

At preseh_t, there are no mining activities in the Study Area. However, coal deposits
are spread upstream of the Sung‘ai Pelagus and upstream of the confluence with the
Sungai Pelagus of the Batang Rajang as shown in Fig. 2.

The estimated amount of coal deposits in this area amounts to 200 million tons. The

coal is lignite with comparative good quality.

A feésibility study of the development of these coal deposits is being carried out at
present. Regarding coal transportation, large ships eannot navigate upstream of the
Batang Rajang and the Sungai Pelagus

Therefore, coal mus:t'_be transpori;ed from the coal deposit area to the loading spot
by land if it is to be shipped to Sibu. Since the Projeet Road passes through the coal
deposit area, the route could be utilized as a part of the land transport route.

Potential Agricultural Land

The poteﬁtiali_ty of agricultural land in the Study Area, especially the land along the
Project Rdad, is. eurrently under study by the Department of Agriculture of the
Sarawak State Government. The following three suitable land areas for agriculture
are seleeted based on the criteria of steepness and soil quality (including fertility) as

shown in Fig-2.
1) the middle part of the Tatau Subdistrict around Sangan;
2) ihe southern part of the Tatau Subdistrict; and ‘

3) the banks of the Batang R'aj'ang, upstream beyond the planned Pelagus Hydro-
electric Power site.
However, it is believed that the third choice above totalling approximately
7,200 hectares, would be inundated as a result of the rise in the water level
caused by the construction of the planned Pelagus Dam. Aside from the three
major potential sec{ions mentioned above, very little arable land is available in
~ the Kapit Distriet.

- The completion of the Project Road will allow acecess to approximately 60,000

hectares of potentially arable land.
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(4} Bintulu Regional Development Plan _

To promote furthé.r‘ industrializ.ation in Sarawak, a Bintulu Development Master Plan
was set up and construetion is progressing in the areas concerned, According to the
'Bintuiu Development Authority .(BDA') Plan, the Project Area covers 4,352 km?2 and
wﬁl _éicpand further during the Fourth Malaysian Plan 1981 ~ 1985. BDA est'ima_tes
the plan will géne_rate new employm_ent' opportunities for 18,000 workers up to the
year 1995. In 1980, about 40,000 persons were living in the Bintulu area, including
suburban residents'; the population of the area will thus expand 1.45 times by 1995 as
a r_esulf of the plan. '

Additional future projects are the construction of a regional hospital, an agricultural
college and thousands of houses. An international airport has also been proposed.

The completion of the Projeet Road will faeilitate access to and from the Seventh
Division.
(5) Tourism

Tourism as an industry does not play an important role in the economy of Sarawak.
For example in 1980, the economic activities of restaurants and hotels represented
only a negligible share, less than 1%, of Sarawak's domestie produet.

If developed, however, tourism could emerge as an important economic seector by
cresiting opportunities for business expansion and employment, and by generating
higher personal income., Further, tourism could assist in minimizing the current

reliance on forestry and agricultural produetion.

Potential tourist sites are shown in Fig. 2. The Project Road will contribute to

tourism development in the Study Area.

5. ‘Transport Network and the Project Road
{1) An Outline of Transport in the Study Area

The trz_msport network in the Study Area consists of roads, rivers, and air and
eoastal éhipping, as shown in Fig. 3. Road services are very much limited in the
Study Area and certain parts of -the area are entirely dependent on water transport.
The major rivers in the area are the Batang Rajang, the Batang Tatau and the
Batang Kemena and their tributaries, Kapit, Tatau and Bintulu towns are the major
transpof't terminals or transfer points in these river basins.
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There are two airports in the Study Area, in Bintulu and in Kapit. Bintulu airport
caters to regular air service by Malaysian Airline Systems (MAS) from major towns
in Sarawak. There are no regular flights' at Kapit airport. -

Coastai shipping is an important transport means for carrying cargo between the
Study Area and other parts of Malaysia and foreign countries, The two existing

ports for coastal shipping are in Bintulu and Tatau.

1)

- 2)

Roads

The road network in the Study Area is quite limited. The principal road in the
grea is the First Trunk Road, which conneets with Sibu, Bintulu and Miri and
forms a part of the Trans-Sarawak Trunk Road, There are also & few road

networks only in the Bintulu and Kapit town areas.

Fig-4 shows the Trunk Road System in Sarawak. Sarawak State Government
completed construetion of The First Trunk Road with gravel surface.
Therefore, Construction of the Second Trunk Road system has been planned.

Rivers

‘a)

{h)

The Batang Tatau and its tributaries

The Batang Tatau is relatively wide and deep between Kuala Tatau (the
mouth of the river) and Tatau, and provides a reliable water transport
channel for small coastal ships and barges, Above Tatau, although the
river'becomes narrower an'd'heavily meandering, motor launches and barges
can come up the river as far as Sahgan, 48 km upsiream on the Sungai Anap
from Tatéu or 50 km on the Sungai Kakus. Above Sangan only small vessels

such as long boats and speed boats can navigate,

Tatau town at 30 km from the river mouth is the major commercial centre
of the river basin, with a small bazaar and some government offices.
Above Tatau, Sangan is the secondary eentre which also has government
branch offices. Below Tatau, Kuala Tatau also has a small bazaar and is &

collecting point for'logs and timber.
The Batang Rajang and its-Tributaries

The Batang Rajang is the longest river in Sarawak. Ifs main stream has a
length of about 450 km from its mouth to Belaga and has a basin of over
50,000 km?2 that is about 40% of the land area of Sarawak.

11
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The Batang Rajang has abund:ant water and a stable water level throughout
fhe‘ year and forms a reliéble water transport channel between its mouth
and 291 km ﬁpst’re_am, where the Batang Balleh meets. Above there, a
stable water level is not available for navigation. Particularly well-known
is Pelagus Rapids which has been the 'majoi‘ obstacle to river navigation. -

Only recently has it been possible to provide regular transport service to
the people living above the rapids by express launch, But express services
are often interrupted because of low water levels in the dry season.

Three major ports are in the lower part of Batang Rajang: Sarikei,

Bintangor and Sibu.

(2) Roles of the Project Road

The Project Road will play the following roles in traffic, socio-economics ete. in the
Study Area:

(i

The Project Road is a part of The Second Trunk Road System, which di'rectly

" connects Tatau along the coast with inland Kapit.

(i)

(iii)

(iv)

The Project Road will conneet Kapit with the major cities in Sarawak through
the First Trunk Road. '

The transport network has not been well developed in Sarawak, and economic

influence areas are centered in the river basins.

Economic relations between Bintulu loeated in the Batang Kemensa Basin and

Kapit loeated in the Batang Rajang basin are rather weak.

‘When the Project Road combining Bintulu and Kapit is ecompleted, economic
“exchanges between the two towns will increase.

The Project Road -will ‘contribute to the development of hydroeleectricity,
agriculture, mining and tourism in the Study Area, bringing economie benefits
and inereased social welfare to the inhabitants,

Finally, with the Project Road, the efficient regional administration of the
Sarawak State Government will be able to penetrate deeply into the isolated

interior areas in Sarawak.

13



6.
8.1

(1)

(2}

3)

(4)

(5)

(6

(7

(8)

Engineering Study

Engineering Survey
The following engineering surveys have been carried out:
Soil Survey

Various laboratory tests of soil samples along the route have found the soil is good
for the subgrade of the rosd.

Drilling Test

| Drilling tests at the Batang' Rajang bridge construction sites have found that a

bearing layer is 2 - 3 meters on the left side and 10 meters on the right side of the
river. The pile foundation is judged appropriate to deal with these soil conditions.

Mackintosh Probe Test

'Mackintosh probe tests at 20 points at 10 bridge sites indicate that a bearing layer is
6 meters deep on average. The pile foundation is judged reasonable to deal with this

_soi'l condition.
Aggregate Investigation

Sufficient aggregate can be obtained locally to construct the Projeet Road from the
Batang Rajang, Pelagus Rapids, the Sungai Pelagus, Bukit Kana and Bukit Arib.

Cost Studies

To estimate cost, labour, materials, equipment, and construction costs inclusive of

taxes and duties were surveyed.
Geometrie Design Criteria

The $Sarawak State Government has adopted the geometrie design criteria normally
used in Peninsula Malaysia as shown in Fig. 5 and Table 3.

Pavemeht Design Standard
Road Note 31 is adopted.

Bridge Design Standard

" The British Standard (BS) is used.

14



Fig. 5 TYPICAL CROSS SECTIONS

1. Trunk Road (Group 04 of the Criteria)
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6.2
{1)

(2

(3)

Best Route
Alternative Route Studies

The propoSed Patau-Kapit Trunk Road.is about 140 km (90 miles) long from its
starting point on the First Trunk 'Road, close to Tatau. The terminal point of the
road is located on the Lepong Balleh Road about 2 km to the East from Kapit, the

administration ecentre of the Seventh Division.

Regarding alternative routes, 2 major alternatives at one particular point and also
10 minor alter_nétives at {he other points are considered in the course of the Study
using a topographical map with a scale of 1:50,000. The best alternative route was
sele_étéd mainly from a technical point of view, as shown in Fig. 6, since the

alternatives have similar socio-economic characteristies.

The topography along the proposed Tatau-Kapit Trunk Road route is chiefly
characterized by long but narrow saw-toothed, hilly terrain, whieh restriets the

number of alternative routes.

‘Best Route Alignm'ent

The best route was selected taking into aecount the reduction of earth work volume
and good alignment using an approximately 1,000 meter wide topographical map
with a scale of 1:10,000, as shown in the "Drawings."

River Crossing Method for the Batang Rajang

The P.C. Box Girder type bridge is selected as the best river crossing method

through the following comparison study regarding (i) and (ii):

(i) As a result of an investigation taking into account local conditions (the steep
mountainous terrain and the remarkable water level variation of the river
‘around the crossing point), the Quay plan was selected as the best alternative
for the ferry boat plan and the P.C. Box Girder type bridge was selected as the
_best alternative for the bridge plan.

(ii) According to a comparative study between the said two best alternatives, the
bridge plan is judged supefior' to the ferry boat plan from the viewpoints of
maintenance, operation cost and ferry boat service cancellation estimated at

. approximately one third (1/3) of each year.

-Vertical clearance to the bridge of about twenty meters will allow large ships
to navigate underneath the bridge with a six meter allowance at the high water

level.
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There are no obstacles to construeting a high level P.C. Box Girder type bridge
due to a new construction method which has been developed recently (refer to
Table 4). '

Table 4 Cost Comparison of Two Alternatives for Crossing the Batang Rejang

Unit: M$
Alternative Item . Cost N | Twer%tyt ‘_iiears
_ Construetion Maintenance toia
1. Ferry a. Quay construction 5,883,000 0 5,883,000
cost at both sides :
b. Ferry boat construc- 1,000,000 0 1,000,000
tion cost _
e. Operation expense 0 10,000,000 10,000,000

(incl. maintenance)
M$500,000 x 20 yrs,

d. Engine replacement 0 350,000 350,000
(estimated) after
10 years usage

. Total 6,883,000 10,350,000 17,233,000

2. Bridge  P.C. Box Girder Bridge 6,888,000 10,200 6,898,200
(430 meters length)

Balance 5,000 410,339,800 +10,334,800

(4) Rural Roads

Two rural roads branched from the Trunk Road are planned as feeder roads as

follows:

(a) about 1 km long to Sangan
(b) about 1 km long to Muput

Sangan and Muput are secondary administrative and commercial centers in the

Project Area.
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7. Construetion Sehedule and Cost
7.1 Constfuctfon Schedule

‘The PE’O]ect Road was divided into 8 construction sectlons as shown in Fig. 7 Flve
construction schedules are proposed as shown in Figs. 8 and 9.

The pmomty order by construction section for the stage construction plan was
determined comprehensively based on future traffic volume and construetion difficulties.

7.2 Construetion Cost

The following assumptions were taken into account for the estimation of construc-

tion cost:

(1) Construction cost with profit and exeeution by general contractors
(2) Unit cost prevailing in October, 1984

Estimated construction cost by construction section is shown in Tébl.e 5, which
indicates Road Section 3 (construction sections 3, 4 and 5) are by far the most expensive,

| _Cbnstruction cost by item is shown in Table 6, which indicates that earth work

characteristically aceounts for a quite large portion of construction costs.

20



Fig. 7 CONSTRUCTION SECTIONS
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Fig, 8  CONSTRUCTION ORDER BY ALTERNATIVE
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Fig. 9 - CONSTRUCTION SCHEDULE
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Table 5

CONSTRUCTION COST BY CONSTRUCTION SECTION

Section Gonstruction | Coustructiéon Cost Ratio Distance Cost/Km
Section (M3 000) 1) (% {Km) (M5'000) 2)
1 1 36,185 1.4 | 11.4 21.00 Km 1,407
2 2 38,307 12.1 | 12,1 ] 19.50 1,605
3 24,018 7.6 12,50 1,567
-3 4 104,647 32.9 | 49.4 35.55 2,404
: 5 28,183 8.9 | 15.65 1,470
4 6 69,064 L2177 | 21,7 3240 1,739
5 7 15,563 4,9 5.4 2,20 5,776 4)
- 8 1.630 0.5 : 5.00 -
Total. o 317,600 100.0 143,80 1,868 )
Notes: 1) Value inclﬁded-Supervision, Detailed Design, Contingency and Compensation

2) Value excluded Supervision, Detailed Design, Contingency and Compensation
3} Value excluded Construction Section 8

%) Value included Batang Rajang Congtruction Cost

Table 6  CONSTRUCTION COST BY ITEM
Unit: M$'000
Item FC LC TAX TOTAL Ratio (%)

{1) Tree Cut 1,189 1,878 24 3,091 1.5 1.0

(2) Clearing and Grubbing 4,941 | 3,587 61 8,589 4.1 2.7

{3}) Earthwork 76,290 44,559 2,110 122,959 .59.3 38.7

(4) Pavement 25,845 | 10,805 3,210 | 19,860 19.2 12.6

{5) Bridge 10,671 7,020 1,349 19,040 9.2 6.0

(6) Drainage 5,779 2,467 691 8,937 4.3 2.8

{7) Miscellaneous 2,569 2,393 0 4,962 2.4 1.5

'(8) Sub-Total (Direct Cost) 127,284 | 72,709 7,465 | 207,438 | 100.0 | 65.3

(9) Construction Cost with
. and Profit: . . .

(8)x1.25 ] 159,105 90,886 9,306 259,297 8l.6

(10) Supervision (9)x0.05 | 7,955 4,544 465 | 12,964 4.1

(11) Contingency [(9)+(10)}x0.10] 16,706 9,543 977 | 27,226 8.6

(12) Total . . 153,766. 104,973 10,748 299,487 94.3
(13) Detailed Engineering with | .

Contingency (%)x0.066 10,501 5,998 614 17,113 5.4

(14) Compensation 0 1,000 0 1,000 G.3

Grand Total 194,267 | 111,971 | 11,362 | 317,600 100.0

Cost per Km: 4$259,297/138.8 Km = 1,868
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8. Estimation of Future Traffic Demands

8.1

Method for traffic demand forecast

The future generated traffic volume in the urban transport study usually is

estimated based on home base data such as occupation, income level, car ownership ete.,

which are obtained from the Home Interview Survey.

Future traffic volume in this study, however, is forecasted based upon river traffic

survey data ete,, instead of home base data for the followin'g reasons:

8.2

(1)

(i) It is practically impossible to conduet home interview surveys because the

" population is broadly seattered in the interior region.

(i) A household income survey has not been conducted with the inhabitants who
live in the interior region. Even if the survey were conducted, it would not be
easy to gather data on household income and expenditures.

(iii) Since there are no roads to connect with other regions in most of the Study
Area, it is difficult to forecast the generated traffic volume after the
completion of the Project Road based upon present home attributes.

Typés of future traffic demand
Traffic demands have been forecasted into the following types:
Diverted traffic

Diverted traffie is defined as the traffic which diverts from river to road due to
transport cost reductions after the completion of the Project Road.

. Diverted traffic will be generated at the traffic zones:

Tétau—Anap and Kapit-Pelagus
1) Passenger diverted transport

The unit cost of passenger transport indicates road transport is cheapter than

river transport.

Unit costs for bus services are less than express launch unit costs and likewise,
travel by passenger car is cheapter than by long boat. After completion of the
road, total transport costs suggest road transport will be more advantageous
than river transp:ort, because road transport distance is substantially shorter
than river trensport distance,
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Therefore, almost all river passenger traffiec will divert to road traffie in the

area a'long the Project Road.

However, a 70% diversion rate from river to road is assumed in the zones
Kakus, Pelagus and Leppong Balleh which will be less affected by the Project
Road. -

2) Goods diverted transport

The unit cost of good's transport indicates that river transport is cheaper than
" road transport. However, the total cost on the competitive transport routes
shows road tfansport to be more profitable than river transport in the case of
carrying general cargo, because road transport routes are mueh shorter than
river transpoi‘f routes. Therefore, most river goods transport will also be

divered to road trans'port.

In the case of log traﬁsport, the total river transport costs will be still cheapfer
than road transport costs. The diversion to road transport will not oceur for log

transport.

{2) Development traffic

(3)

Passenger and goods traffic will be generated by the implementation of various
dévelopmen_t projeets which will become possible upon the completion of the Project

Road. Development traffic was projected based on the passenger and goods volume

generated from agriculture and tourism development projects.

The traf_'ficl generated from Pelagus Hydroelectric Project has not been counted as

_develop’men:t traffic beeause such traffic will only be generated in the short term.

Induced traffic . :

Induced traffic is defined as the traffic which is newly generated due to the
reduction in transport cost resulting from the completion of the Project Road.

In this project, indueced traffie will oeccur in almost all traffic zones with substantial

cost reductions.

However, ‘it is difficult to estifnate induced traffic apart from the other types of
traffie. In this study induced traffie is estimated from the balance between overall
traffic demand and other types of forecast traffic.
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Overall passenger traffic demand is estlmated based on the relations between
traffic volume and transport cost mcludmg the future growth factor.*

Overall goods traffic is calculated based upon the present traffic eomposition by
vehicle type on the Trunk Road after the econversion from passenger base to_vehiqle
base. '

8.3 Forecasted traffic vdiﬁrﬁe :
(1) Forecasted Traffic Volume
A summary. of forecasted traffic volume on the Project Road is shown in Table 7 and
Fig. 10, The average annual growth rates of the forecasted traffie will amount to
about 6 ~ 7% in the years 1995 - 2000 and 3 - 5% in the years 2000 - 2010.
Table 7 SUMMARY OF FORECAST TRAFFIC VOLUME
ON THE PROJECT ROAD SECTION
{AVERAGE DAILY TRAFFIC)
Average Annual
o Growth Rate (%)
Road Section 1993 1995 2000 2005 2010
1995- 2000- 2005~
2000 2005 2010
Ulu Mukah/ |
Bintulu Rd. - Sangan 356 628 840 1,014 1,237 6.0 3.8 4.1
Sangan - Muput 510 575 %70 983 1,151 6.1 4,7 3.4
Muput - Pelagus 267 302 409 518 647 6.3 4.8 4.5

Pelagus - Lepong Balleh 315 361 513 810 736 7.3 3.5 3.8

‘Lepong Balleh - Kapit 424 479 663 756 885 6.7 2.7 3.2

*)

The method used is an application of simple price theory. In traffic engineering, Mr,
Gerald Kraft used this method to forecast inter-eity traffic volume in his "Demand
for Intereity Passenger Travel in the Washington-Boston Corridor (1963)". His
methodology is usually referred to as the Kraft Model.

The Kraft Model is considered suitable for forecasting traffic patterns in “this
projeet, accounting for many more traffic purposes other than commuting traffic.
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(2) Relationship between traffic forecast and ear ownership

Future traffic volume is not forecasted .based'upon car ownership as stated in 8.1.
For the sake of caution, approximate unit passenger car ownership is estimated -
hased upon the traffie forecast in 1993 in Table 8.

Table 8. PASSENGER CAR OWNERSHIP

: : - . Population/
Area | Population Passenger Cars Passenger Car
First Division 453,000 (1980) 44,054 (1983) 10
Fourth Division 199,000 (1980) 20,014 (1983) 10
Present g _ ' '
Seventh Division 63,000 (1980) 110 (1983) 573
Study Area 52,500 (1980)  ** 200 1983) 263"
Future  Study Area - 65,500 (1990)  *1,400 (1993) 47

Note: * 35 percent of person trips use passenger cars (three passengers)
** Based upon an estimate by the Study Team.
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9, Economie Evalustion

9.1 Elements of benefit

The benefits of this road construction project may be distinguished as the following:

(1) Quantified Bénefif_s

1) Benefits to existing traffic

a)

b)

Benefits to normal traffic

The benefits to normal traffic arise from the difference between vehicle
operating costs on-the existing road and costs on the road after improve-
ment. Por the Project Road, normal traffic has not been projected, because
there are no exis.ting. public roads, execept the section between Kapit and
Lepong Balleh which has just recently been completed.

Benefits to diverted traffie

After the completion of the Project Road, benefits to diverted traffie will
arise from the savings between vessel operating costs on the river and
vehicle operating costs on the road. Therefore, the savings in transport
operating costs are obtained by multiplying diverted traffic by the cost
diffe:ence between river transport and road transport.

2} Benefits to generated traffic

a)

b}

Benefits to development traffic

Some traffie, aside from diverted traffie, is expeeted to be generated due to
agricultural and tourism developments in the Project Area. The benefit to

“this type of traffic has been estimated as benefit to development traffic, at

one-half of the lfenefi_t to diverted traffic.
Benefit to induced traffic

The benefit to _ihduced traffie is caleulated at one-fourth rather than one-
half of the benefit to diverted traffic, the latter being the most widely

accepted measure,

Induced traffic benefit is normally one-half of the benefit to diverted
traffie, and this has been adopted in the case of development projects using
the same transport means that existed beforehand. But this measure is not

necessarily - appropriate for the evaluation of road projects, such as the
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Trunk Road Proj'édt, Which' divert transport means through an area with no
roads. Since divérted traffic benefit, defined as operating cost savings
caused by the diversion of trénsport means, will be great because of the
remarkable difference in distance beiween'river_ and road transport, it is
fe'a.re._d that induced traffie benefits will be evaluated excessively if the
val_ué of one-half is used, Therefore, to evaluate benefits consewativély,
induced _traffic_benefi'ts are adopted at one-fourth of operating cost savings

resulting_frofn the diversion of transport means.

(2) Benefit not involved in the economic evaluation

1) Benefits to traffie

a)

b)

Time saving benefits

Time saving benefits are important for the transport project. The evalua-
tion of time savings is extremely difficult between the different modes of
transport such as river transport and road transport. In addition to this, it is

difficult to evaluate the time savings value in terms of money in the Project

Area. Therefore, time saving benefits have not been considered to avoid the
uncertainty of estimating the benefits,

Benefits from accident savings

Some river transport routes have danagerous rapids. Therefore, the Project
Road construction is expected to reduce accidents. However, no data for

accident savings were available,

2) Benefits brought about by development projects

a)

Benefit to Pelagus Hydroelectrical Dam construetion project

The Pelagus Hydroelectrie project is the largest associated with the Project
Road.

Benefits brought about by the Hydroelectrical Dam project are excluded

because reduction of electric chai‘ge costs ete. should be included in the

Hydroelectrical Dam projeect itself.
The study team assumed the following two benefits:

i) Benefit to cost savings of building a road exelusively for use for the
Hydroeleetrie project
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it} Benefit as a transport road for construction materials.

The benefit to'co_s.t savings'of building a road exclusively for use for the
Hydrdelectrical Dam construction project are excluded because the Hydro-
electrieal Dam construction project involves large indefinite factors {delay

of eonstruction schedule ete.).

The benefits as a transport road for construction materials for the Hydro-
" electrical Dam project are excluded because construction materials will be
transported only f or a limited short period.

" b) Benefits to coal mining resources development

A part of the Project Road will certainly be utilized for coal .mi.ning
developm'ent, when it is realized,

However, these benefits are excluded because the feasibility of coal mining
development, considering the demand in the coal market, is not yet certain,

3) Other intangible benefits

As for the other following miscellaneous benefits resulting from the projéct
implementation, no means are available to compute the amount of benefit in
terms of money. However, these benefits are considered in the eemprehensive

evaluation of the Project Road.

o Increased accessibility to hospitals and schools
o Increased opportunities for agricblt_ural and industrial development
o Improvement of administrative efficiency, ete.

9,2 Eeoncniie Evaluation

~ The economie evaluation has been carried out in terms of the Benefit/Cost Ratio
(B/C), the Net Present Value (NPV) and the Internal Rate of Return (IRR) on the
alternative construction plans shown in Table 9. '

The results of the ecoﬁo_mie evaluation are shown in Table 10. Using a disecount rate
of 10%, all alternative plans are not feasible from an economie standpoint.
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Table 9

ALTERNATIVE CONSTRUCTION PLANS FOR PROJEGT ROAD

Construction Stage .

Initial Type

of Road Surface

Case

One Stage

'Whole section
will be open for

| traffie in 1993

Asphalt Paved

Gravel

Whole section
will be open in
1992

Gravel

A-3

Two Stage

- 1st Stage (1993)
Ulu. Mukah/Bintulu

Road to Sg. Muput
Kapit to Pelagus

2nd Stage (1997)
Sg. vuput to Pelagus

Asphalt Paved

Three Stage

Ist Stage (1993)
Ulu. Mukah/Bintulu
Road to Sg. Muput

‘2nd Stage (1997)
Kapit to Pelgus
Sg. Muput to R.
Sangkap '

3¢d Stage (2001)
R. Sangkap to
Pelagus

Asphalt Paved

Table I0 PRESENT VALUE OF COST/ BENEFIT FOR ALTERNATIVE PLANS
{DISCOUNT RATE OF 10%) :
| o (M$ 000)
Alternative Benefit Cost | .B/C NPV IRR
Case Diverted | 2%VeI%P" | 1nauced | Total Ratio | (B-C) (%) _
o ment _
A-1 94,659 2,717 | 21,701 {119,076 | 226,880 | 0.53 [-107,803 | 4.20
A-2 - 86,994 2,377 | 21,701 [111,023 | 223,331 0.50 |-112,308| 3.90
A-3 92,748 2,377 | 22,240 |117,385 | 223,331 0.53 [-105,996 [ 4.15
B - 94,659 2,419 16,772 |113,921 | 188,082 | 0.61 | -74,161[ 4.95
C 86,419 2,119 | 11,993 {100,530 | 144,693] 0.70 | -44,163] 5.89

Note : B/C - Benefit Cost Ratio

NPV~ Net Present Value
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10, CONCLUSIONS AND RECOMMENDATIONS

10.1 Comprehensive Evai_uation

The following shows the results of an economic evaluation, taking into account the

benefis with high reliability.

- In'ternal Rate of Return (I_RR): 5.89
~ Benefit/Cost Ratio (B/C Discount Rate at 10%): 0.70
- Net Present Value (NPV) : -44,163 million M$

) Purely from an economieal viewpoint, the above values are too low to justify the
feasibility of the TatatFKapit Trunk Road. However, the economic feasibility of the
Trunk' Road Project improves by taking the following benefits into consideration, aside
from the behefits involved in the economie evaluation.

"a) - Contribution to Pelagus Hydro-eleetriec Dam Construction Project

If the Project Road is not realized, SESCO will build a transportation road for
construction materials at its own expense for the dam, which is seheduled to be

completed in 2005.

Therefore, the Project Road will save construction costs of the transport road and

will glso help to transport construction materials, Since these benefits involve -
- large indefinite factors (delay of contstruction schedule, ete.), they have been

excluded in the economic evaluation, If they are considered, the IRR value will be
7.92, and the B/C will be 0.85 in Case C, However, value of benefit is still lower

~ than that of cost.” -
b)  Contribution to Coal Mining Development

Coal deposits spread along the project road near the border of the Fourth Division
and the Seventh Division, on which the feasibility study has been carried out. The
Project Road will be used as a part of the coal transportation road.

The benefits are exeluded in the economie evaluation as the development program

is not formulated yet,
e¢) Tourism Promotion

Minimum tourism development is involved in the economic evaluation. The Project
Road will provide ready access to the Seventh Division and thereby contribute to
the development of tourism along the Project Road much more than expeeted.
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d)

e)

f)

2

10.2

Contribution to the Development of the Lumber Industry

The lumber indstry has been developed acti've'ly in the Project Area, particularly
upstream from Sangkhp along thé Sungai Anap. However, lumbering will be.
restricted to preserve forest resources in abouf ten years. Nevertheless, logging
will continue at & constant volume. Sapling plantation, ete. using sppropriate
means will be devised for preservation of the harvested forest, Traffic will use the
Project Rbad, and 'therefore, the Project Road will benefit the lumber industry. '

Promotion of Employment Opportunities

The construetion of the Project Road will promote agricultural development, coal
mine development, ete.,, leading to the promotion of new employment
opportunities. '
Contribution to the Sarawak State Government for the Efficient Regional Adminis-~
tration of Isolated Areas

It is very difficult for the Sarawak Government, under the current conditions of a
viver-dependent economy,. to promote any efficient regional administration
development.

For example, no traffic routes connect Kapit, which is the administration center of
the Seventh Divisioﬁ, with other Divisions, except for the water way through the '
Batang Rajang.

In addition, during high water 1évels, it often becomes difficult to maintain river
traffie. Under the circumstances, the construction of the Second Trunk Road
connecting to the First Trunk Road will assume a good degree of importance as the

most reliable traffic route.
Other Benefits

Other benefits include inereased accessibility to the hospital, and the schools, and

industial development opportunities.

Conclusio_n and Recommendatiqns

(1) Conelusion

a) The Prdject Road seems to offer little in the way of economic feasibility.
However, taking into consideration a number of benefits disregarded in
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the economic evaluation, namely, the contribution to the hydroelleétric

“dam at Pelagus, coal'mining, and forestry development, regional adminis-

tration development, ete., it may be said that the earliest possible

_construetion of the Project Road is preferable.

(2) Recommendations

1)

2)

3)

4).

The Sarawak State Government should make efforts to improve road
benefits by promoting the agricultural development projects and tourism
development projects along the Project Road.

Project Road should be constructed on the basis of a three-stage

construction plan, viz.:

1st Stage: ‘Tatau/Mutput Area in the Fourth Division
_ where traffic volume is large

2nd Stage: Kapit Pelagus area in the Seventh Division

3rd Stage: Remaining sections

The. Project Road should preferably be fully paved by the time it is open
to publie traffic.

It took four years to cbmplete the feasibility study of the Project Road
because of the two-years required for aerial photography. During the
period, project circumstances have changed slightly. The Study Team was
informed of the new hydroelectric dam construction project "close to

Sangkap along the Sungai Anap in Februay 1985.

It is, however, very difficult to involve, in the Final Report, the results of
the alternative aiignment study, caused by the new dam project, taking
into account the -study flow and little information on the dam project.
Therefore, aside from the Formal Final Réport, a Study Report is to be
submitted regarding the preliminary ralternative alignment resulting from

the new dam construction project.

It i5 strongly re_éornmended that the alternative alighment caused by the

new ‘dam project be studied when the Project Road is realized,
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