8.1.3 Investigation of Engineering Alternatives

W

Batang Rajang River Crossing

There are two ways to cross the river: by bridge or by ferry. An economic

evaluation is condueted among 3 bridge alternatives so the most economical bridge

plan 'may be selected and then compared with the ferry alternative. The best

bridge plan was finally selected in lieu of the ferry.

1

2)

Comparison between Bridge Alternatives

For the bridge comparison, the bridge engineer of Sarawak J.K.R. joined in the

discussions on the following three alternatives:

1.

2.

3.

‘Prestressed Concrete Box Girder Bridge (P.C. Box Girder Bridge)

Prestressed Conerete Rahmen Bridge - Type T (P.C.T Rahmen Bridge)

Prestressed Conerete Tension Cable Bridge (P.C. Tension Cable Bridge)

"The sbove comparison among the 3 types of bridges has led to the econclusion

that the P.C. Box Girder Bridge is the best alternative because of its minimum

cost, as shown in Table 8-2.

Ferry Boat Alternative

The proposé.d Bét.ang ‘Rajang Bridge site is characterized by very steep

topography on both sides of the river as shown in Fig. 8-1.

The Batang Rajang features remarkable water level variations as shown in

a)

b)

~ Appendix 4-4, and also has a high veloeity river current during flood season.

Estimated f erry boat opération days

Twin engine fervies normally cruise at a peak speed of 8§ sea-miles per

'hour, and sometimes with 4 engines at a peak speed of 10 sea-miles per

hour. Assuming the highest allowable river current veloeity for ferry
opération is 8 sea-miles pe'r‘ hour, the ferry might be operated 225 days on
an annual average, judging from pést water level records over more than
10 years time, when the water level of the Bantang Rajang was at 7.9 m
or lower,

Facilities for ferry boat operation

Since the water level varies remarkably, _there are two alternatives for

ferry facility: by quay and slip-way.

Table 8-3 shows a comparison of the two alternatives, The quay plan is more

8—5
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: Fig. 8~1 - TOPOGRAPHY AROUND THE CROSSING POINT OF THE BATANG RAJANG
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3)

advantageous than the slipway plan because of steep topographieal conditions.

The design conditions for special quay facilities at both sides are as follows:

' .al) %“erry f.e_tc‘_i.lity (quay) height: One end +3.00 m, other end +20.00 m

b) Cradient of quay: 8.5 %
¢} - Quay length: 200 m
d  Access road to quay: 300 m

Determin{ation of Crbssing Method of the Batang Rajang

As Table"8—4'ihdicate$, the bridge plan is judged superior to the ferry boat plan
from the view _poihts-of maintenance and operation cost, although the amount
of initial investment is almost the same between the two plans. In addition,

_’t‘n_e bridge plan offers the great édvantage that river can be erossed regardless

of the water level variations. On ‘the other hand, ferry service will be
cancelled” for é'b'out_ one third of each year because of the water level
vai-ié’tidn's. C.ori'sequently, the bridge '.plan (P.C. Box @Girder bridge) was
adopted for crossing the Batang Rajang.

Table 8-4 COST COMPARISON OF TWO ALTERNATIVES
FOR CROSSING THE BATANG RAJANG

Unit: M$
Alternative ' item . Cost Twenty Years
: Construetion  Maintenance “Total
1. Ferry 8. Quay eonstruction cost
at both sides 5,883,000 0 5,883,000
b. Ferry boat construeti
y construction 4 ‘a0, 000 0 1,000,000

ecost

¢. Operation expense
{inel. maintenance) 0 10,000,000 10,000,000
M$500,000 x 20 yrs,

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

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

2. Bridge  P.C. Box Girder Bridgs

(430 m length) 6,888,000 10,200 6,989,200

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




8.2 Construction Costs

8.2.1 Construt,tmn Schedule

D1v1d1ng the PrOJect Road into 8 seetlons, 5 altematlve constructlon sehedules are
proposed as shown in F1gs. 8-2, 8-3 and 8- 4

Fig, 8-2 CON%TRUCTION ORDER BY ALTERNATIVE )
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Note : @ Stage Seage - .. Stage
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- Fig. 8-3  CONSTRUGTIOR SECTIONS
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Fig. 8-4

- CONSTRUGTION SCHEDULE

L. One stage construction plan with bituminous surface (A-1) with gravel surface (A-2)
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8.2.2 Construction Costs

o U_!_l_it'qo'st_s_o_f construction items have been determined for materials, labour and
machinery, These_.cost:s were calculated at Sarawak's market prices prevailing in
" October, 1984, These cost factors were obtained from the Sarawak P.W.D. through its

" loeal offices and loeal consultants, as well as from Japanese suppliers.

~ For the machinery and materials concerned, the unit cost was calculated from the
costs of imported machinery_ and materials, as well as from the costs of domestic
machinery and Iﬁaterials, provided that imports were only allowed if the corresponding
machinery or materials were not available locally. The domestic and foreign currency
components _o'f unit construetion. costs were calculated according to the following
classification:
(1) Classification by Currency Components

The Foreign C'urr'ency Component is composed of the following costs:

~ Imported machinery (depreciation cost), supplies and raw materials
- Materials imported and processed in Sarawak ' .
- Wages and salaries for foreign residents, and overhead costs and profits

for foreign corporations
The domestic eurrency component is composed of the following costs:

- Domestic machinery and materials, and raw materials originating in

Sarawak
- Wages of domestic residents
- Overhead costs and profits for domestic corporations, custom daties and

“taxes

The following Foreign Exchange Rate of the Malaysian Dollar in October, 1984 was
adopted:

M$2.376 = US$1.00 = Yen 240.00
(2) Construction Quantities

The quantities for all construction items estimated for eost purposes in this project

were caleulated on the basis of the original designs and deawings,

8—13
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RO

Unit Price Analysis

For the purpose of evaluatmg eonstructlon costs, each payment 1tem was calculat-
ed using the basie cost factors determmed from the avaxlable data.

Unit eonstructlon costs are gwen m T&ble 8 5.__ Hout‘ly costs of machmery and

facilities expeoted to be used in construct;on are g‘wen m ‘Table 8 -6, and wages for

loeal labour dre shown in Table 8—? Costs of the mam materlals and Supplies

expected to be used in the pro;leot are shown in ’I‘able 8-8.
Constructlon Costs o |

The costs for the best route are shown'in Table. 89,
Appendlx 6-4 indicates the breakdown of the oonstructlon cost
Appendlx 6-5 shows the acqmeutlon costs of oonstructlon equ1pment.

"~ Appendix 6-6 shows the durablllty and repalr eoefflclent of meohamcal equlpment

‘Appendix 6-7 gwes an example of hourly cost analy51s

Appendix 6~8 presents the quantities of materlals to be procured and Appendix 6~9
shows the quantity of equ;pment used for canstruction, : '

8— 14



Table 8-5 (1)

UNIT COST QF CONSTRUCTION ITEMS

(Unit: M%)

. profit..

8—15

LTEM UNIT { FOREIGN | -LOCAL TAX TOTAL |
.

General Work ‘

: 1;_Tree Cutting ' N Piece| 21,42 33,82 | 0.43 | 55.67
2._Clearing and- Grubbing w? 0:890 { 0.646 | 0.011 1,547
3. Common Excavation w? 1.691 1.125 | 0,013 2.829

- (Short Dist 9 : _ :

4, Common Excavation w? 2.575 1.426 | 0,017 4.018

- (Fedium DlSt )y o _

‘5. Common Excavation m? 3.269 | 2,093 | 0.027]  5.389
S (Long Disti) - o S . :

6. Bmbankuent (Low) : 0,719 0.458 | 0.006 1.183

57..Embankment.(High) 3 0.829 0.540 | 0.007] 1.376

Pawement Work -_ : :

- 8. Subgrade Regularlzatlon m? 0.082 0.061 0,143
9. Subbase Course t = 15cm m? 3.68 2,06 0.50 6.24

10. Well Graded Aggregate m? 7.25 3.92 1.06 12.23
_ Base Course = 20cm _ -

11. Prime Coat w | 1.328 | 0.182 | 0.157| . 1.687

12. Tack Coat m? 0.590 |  o0.051| 0.068]  ©.709

13. Bituminous Surface n? 3.061 0.780 | 0.366 4,207

- Dressing - t = 3cm :

14. Bituminous Surface Course m® 9.15 3.40 0.97 13.52

© . (Hot mix) = Scm

'Biidge

15. R.C. Beam Brldge =9, lm v | 132,860 | 157,215 [22,190| 312,265

16. Prestressed Beam Bridge 1 v |136,943 | 152,596 |22,480| 312,019

o _ L= 16.4m _

17.'p C. T Glrder Brldge U |281,808 | 201,140 |38,979| 521,927

SR = 24, 4m - : '

18. P.C.T.'Girder Bridge U |258,568 | 193,409 |35,876] 487,853

T L = 27.4m '

19, P.C.T. Girder Bridge v 195,613 | 129,889 25,731 351,233

20. ?.C.T. Gilrder Bridge ' u l423,207 | 293,345 56,8300 773,382

Ty o L= 2 x27.4m o ' '
21. P.C.T. Girder Bridge =~ = | u | 367,875 | 240,215 148,009} 656,099
I . L =2 x 30,4m _ o

22, P.C.T. Girder Bridge U . |540,137 | 350,533 {70,286| 960,956

o L= 3x30.4m '

Note:“:PriCes given are for divect costs with no overhead fringe and
Prices were calculated in October 1984,



Table 8-5 (2)  UNIT COST OF CONSTRUCTION ITEMS

(Unit: M$)

TTEM UNIT | FORELGN | LOCAL. | TAX | TOTAL
Drainage RIS P EE I FUS S
23, Box Culvert  L.SM x L.5M | m 448,44 345.06 | 51.27| 844,77
24, Box Culvert 2,0M x 2,0M | m 726,92} 537,18 734;14 1,346.24
95, Box Culvert  2.5M x 2.5M | m 956.35 | 714.320113.67] 1,786.34
26. Box Culvert 3.0 x 3.0M | m  |1,291.36| 979.15)154.82] 2,425.33
27. Box Culvert ~2-2.5M x 2.5M m |1,865.38 1;358.17 226.93 ‘3,450;48
28. Box Culvert 2-3.0M x 2.5 | m 2,263,21 1,573.17|281.92. 4;118.30f-
29, Box Culvart 2-3.0M x 3.08 | m [2,513.30 ] 1,866.52|308.28 4,688.10'
10. Corrugated Pipe  61,066mm | m | 248.60|  38.64] 29.50| 316.74
31, Corrugated Pipe $L,524mm | m 414,72 59.54] 49.27] '523;533
Miscellaneous | _ o o S
32. Side Ditch (Manpower) o o 6,336]: 0 . 6.336
33, Slope Protection m? 1.60 0.40 _O 2,00
General (Foundamentalé) . . _
1. Loadiné of Materials 3 0.514 0.365{ 0 . 1 0.879
2. Solid Rock Excavation 3 13,30 7.68 | 1.04) 22,02
3. Soft' Rock Excavation m? 4632 2,532 0.027 7.191
4. Plain Concrete m3 76,76 . 74.32 .14.52 165;60.
(g = 400 kg/cm®) ' - -
5. Plain Concrete w? 68.98 | 65.95 | 12.42 | 147.35
(0 = 210 kg/em®) ’ ' :
6. Plain Concrete m® | 67.07. | 62.66 | 11.86| 141,59
(o = 180 kgfem®) | | N S
7. Formwork w2 | 12,96 | s5.80 | 1.78| 20.54
8. Fabricated Reinforcing Steel | kg 0.594| 1;102 10.130] 771.826;
9. Cement Mortar m® 77.43 | '137.23 | 15.75 | 230.41
Legend FOREIGN : Foreign component expreSséd‘in MéiaYsian Dbliafs
LOCAL Local_compbhent expfessed,in_Malaysign Dollars
Kg: Kilogram, m?: Square meter, m®: Cubic meter,

m: Meter, U: Total umit

8—16




Table 8-6 HOURLY EQUIPMENT COSTS

(ﬁnit: M$)

Crushing Plant 40 T/H

 EQUIPMENT FOREIGN | LOCAL TOTAL
" Bulldozer D8L with Ripper 110.26 | 27.57 | 137.83
Bulldozer D7G - 59.92 | 14.98 | 74.90
Motor Scrapper WS-16 116.83 | 29.21 | 146.04
Compactor WF-22 74.61 18,65 | 93.26
Motor Grader GD6OSA 39,46 9.86 49,32
~ Tractor Shovel D508 26.27 6.57 32.84
Wheel Loader 515 30.63 7,66 38.29
Triuck Crane NK200 55.61 | 13.90 | 69.51
Crawler Crane, Clamshell KH75 60.23 15.06 75.29
Pile Hammer IDH3S 29,46 7.36 36.82
Tired Roller TS290 20T 27.54 6.89 34.43
Macadam Roller KD120 10T 17.68 4,42 22,10
Crawler Drill PCRLO 21.87 | 5.47 | 27.34
Motor Gemerator EGS0 - 6.25 1.56 7.81
Motor Generator EG200 19.64 4.91 24.55
Air Compressor ECLO5V 13.62 | 3.41 17.03
Asphalt Plant TSAPOOQFAV 122 .46 30.62 153,08
Asphalt Finisher ~MF36W 39.77 9.94 | 49.71
Aspbalt Distributor 11,62 | 2.91 14.53
Concrete Mixer 0.75 M3 8.75 2.19 10. 94
Chip Spreader 13.28 3,32 16.60
Grout Pump 2,97 0.74 3,71
Dump Truck 15T 41.71 | 10.43 52,14
Flatbed Truck 7T 11.20 2,80 14.00
Water Tanker 5,000 Lit. 11.97 3.00 14.97
‘Trailer Truck 25T 22.37 | 5.5 | 27.9
| 50,74 | 12.69 63.43

Note: See Légend under Table 8-1.
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Table 8-7  DALLY WAGES

(Unit: MS)

LABbURER IN-SARAWAK-; .

_ WAGES/DAY - TAX - INCOME- |
Foreman | 50 1,50 'iaais -
Operatoxr : 38 BT .“38ﬁ
Driver . 35 - -35
Carpenter 35 : - .35
Mechanic _ ' : 35 : - '_ 3;  
Iron Worker 35 - B 35
Mason 35 - .35
Raker - 35 .:“ : - 35,
Skilled Labour 25 - 25
Unskilled Labour 18 - | s
Guardman | | o 40 - 40.

Source: From BINTULU P.W.D.

Rate per 9 hours work including allovance.

818 .



Table 8-8 COST OF MAIN MATERIALS

(Unit: M$)

© DESCRIPTION UNIT | FOREIGN | LOCAL | TAX TOTAL

Portland Cement | T | 92.00] 138.00 | (i0%) 230,00
Reinforcing Steel SO | Kg [ 0.48] 0.72 | (10%) 1.20

_ ._Re'iﬁfoirc'ing" Steel SR | Kg 0. 36 0.56 (10%) 0.90
Steel Pipe Pile T }1,110.00]  67.00 | 130,00 | 1,307.00

i _P C. Bar Kg | 3.60 0.21 0.42 4,23
P.C. Cable - © | ke 3,10 0.18 0.36 3.64"
_'Bitumen 80-100 | T 680.00| 120.00 { (10%) 800.00
Bitumen cutback RC-70 | °T 935,00 165.00 | (10%) | 1,100.00 .

MC-70 : . .
Diesél“ - { Lit. 0.19| 0.44 | (0.0073){  0.63
Kexoséne Lit. 0.23] 0.52 | (0.385) |  0.75
Motor Oil | o uie] 1,48 3,47 | (0.23) | 4.95
Grease ke | 2a0] 4.0 | 020 7.00
Plank-Lumber w | 100,00 150.00 | (10%) 250.00
'Agg:égate | ' M# 19.50 | 15.50 (10%) 35.00
Sand | M3 14,00} 11,00 | (10%) 25.00
Corrugated Pipe 7 160.00| 8.00 | 19.00 187.00
- $1,066mm
berﬁgated Pipe 1T 280.00 15,00 | 33.00 328.00
$1,524mm |

Mlneral Filler . | T 12.00 18.00 (10%) 30.00
Explosive | 1 Kg 6.00] 14.00 (10%) 20.00
Nail Kg 0.92] 1.38 | (10%) 2.30
Steel Wire Kg 0.92] 1,38 | (0% 2.30
See/Grass M2 0 4.00 0 4.00
Paint - Lit. 0 8,00 (10%) 8.00

: .Source: BINTU.LU P.W.D. and Japan supplier
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Table 8~9(1)  TATAU-KAPIT TRUNK ROAD PROJECT CONSTRUCTION COSTS

‘(Unitiﬂh$5090){

(1) Tree Cutting 1,189 1,878 24 3,091
(2) Clearing and Grubbing 4,941 3,587' ' ,_61_.;. 8,589
(3) Earthwork 76,290 44,559 2,110 122,959 -
(4) Pavement | 25,845 10,805 3,210 39,860
(5) Bridge 10,671 7,020 1,349 19,040
(6) Drainage. 5,779 2,467 . 691 - 8,937
(7) Miscellaneous 2,569 2,393 0 4,962 -
(8) Sub-Total (Direct Cost) 127,284 72,709 7,445 207,438 -
(9) Construction Cost with N G

Overhead and Profit _ - T _ N
(8)x1l.25 . 159,105 90,886 9,306 259,297

(10) Supervision (9)x0.05 7,955 4,544 - 465 12,964
(11) Contingency [(9)+(10)]x0.10 16,706 9,543 ~ - 977 27,226
(12) Total - 183,766 104,973 10,748 299,487
(13).Detailed Engineering with _ R A . ff B
" Contingency (9)x0.066 10,501 5,998 614 7 - 17,113
(14) Compensation 0 1,000 0 1,000
Grand Total 194,267 111,971 - 11,362 317,600

Cost per KM . _ : (Q) i"lgﬂséj

820



Téblé:S—Q(Z)

TATAU~KAPLT TRUNK ROAD PROJECT
CONSTRUCTION COSTS BY SECTION

tnit; #H$'000 .

. S Gravel Bi tuminous Surfacing
Section - - I‘term . e gy Taw TOTAL fc- ic TR TTTIoTAL
Tatau . - - - . ‘ T
" General 927 827 13 1.767 927 827 13 1.767
Ear thwork : 7.596 4 .460 188 12.244 7.596 4,660 188 12.244
Pavement . 1.730 951 243 2.924 3.888 1.625 481, 5.994
i Bridge. . . . l.022 890 149 2.061 1.022 890 149 2,061
(0~31.0 kpy Drelnaze. . 568 195 67 830 568 195 67 830
Hiscellaneous - 38% 361 [ Wy 386 361 .0 747
- Sub-Total (Djrect Gost)12.229 7.684 660 20.573 14.387 8.338 898 -~ 23.643
Others E _ 6.435 &.044 346 10.825 7.571 4.399 472 12,442
Compensation S 100 0 100 0 100 ‘o 100
Total Project Awount  18.664 11.828 1.006 31.498 21,958 12,857 1.370 36.185
. o . ‘ : Cost per Km 1,407
Sangan — -
ikmrﬂ' PR 861 768 12 1.641 861 768 12 1,641
_Earthwork B 8.951 5,201 275 14,427 B.951 5.201 275 14.427
Pavement . . 1.609 884 226 2.719 3.613 E.511 . 447 5.571
) Bridge - 95 % 131 1.802 915 156 131 1,802
(21,0540, 5l Prai?age. N 565 264 68 897 565 264 68 897
Miscellaneous 360 336 0 . B9 360 336 - o] 696
Sub-Total(Direct Cost}13.261 8.209 12 22.182 15.265 £.836 933 25.634
Others _ 6.979 4.319 374 11.672 8.033 4.650 490 i3.173
Cotipéhsation - T 100 o 100 0 100 T o 100
Total Project Amount 20.240  12.628 1086  37.954 23.298  13.386 1,423 38.307
' Cost per Km  1,60%
Muput -
General . 552 492 8 1.052 552 492 3 1.052
_ Earthwork 5.725 3.308 194 9.227 5.725 3.308 194 9.227
- Pavement A 1.010 533 143 1.708 2.286 394 28% 3.524
Bridge 515 358 61 834 415 358 61 834
3 0 pratnage. . 359 186 42 587 159 186 42 587
(40.5 %53.0km) yigcol taneous 231 216 0 447 231 216 0 47
Sub-Total(Direct Cost) 8.292 5.115 - 448 13.855 9.568 5.514 589 15.671
Others 4,363 2.692 236 7.291 5.035 2.902 310 8.247
Compensation _ )] 100 0 100 0 100 0 100
Total Project Amount | g55 7.907 584 21.246 14.603 8.516 899 24,018
S : : Cost per 1.567
Sangkap e :
General . 1.570 1.399 22 2.991 1.570 1.399 22 2.951
" Earthwork o 29,601 17.257 846 47.704 29.601  17.257 846 47 . 104
Pavement 2,873 1.577 07 4.857 6.503 2.713 807 10.023
3ridge . 1,843 1.442 259 1.544 1.843 1.442 259 3.544
4 pratnage C1.867 735 222 2.82% 1.867 735 222 2.824
3.0 V88550 Miscellaneous 668 615 0 1.283 668 815 0 1.283
- Sub-Total{Bitect Cost}38.422  23.025 1.756 63.203 62.502 24,161 2.156 68.369
others - 20,220 12.116 924 133,260 22,120 12.714  1.135 35.975
Compensation = . -0 300 0 300 0 300 0 300
Tofal Projéct Amount 58.662  35.441 2.680 96.763 64.181 37,175 3.291 104.647F
Lo R - . Cost per Km 21.40%
S.Ulu Anap.




Table 8~9 (3.)

"TATAU-KAPIT TRUNK ROAD PROJECT

CONSTRUCTION COSTS BY SECTION Units MS'000
Gravei Rituninovs Surfaciﬁg
Seetton e ¥ LC TAX TaTaL L TAX  TOTAL
§, Ulu Anap — : e
General 691 626 10 1.317 691 616 10 . 1.317
Earthwork 6,347 3.724 158 10.229 6,347  3.724 - 158 10.229
Pavément 1,265 694 179 2:138 2.862  1.195 385 4412
5 Bridge 524 508 80 1.112 524 508 80 1.112
(88.550 NlOd.ZODDrainage 477 264 58 779 457 244 " 58 779
xm) Miscellaneous 283 268 0 551 283 268 : 0 551
Sub-Total(Direct cost) 9,587  6.054 485 16.126 (11,184 6.555 661 18.400
Others 5,045 3,185 255 3.485 5.886  3.450 W 9,683
Compensation 0 100 ] 100 0 100 0 100
Total Project Amount 14,632 9,339 740 24.711 17.070 10°105 1.008  28.183
Pelagus . Cost per Km L.a70
General 1.431 1.275 20 2.726 1.431 1.275 - 20 2,726
‘Earthwoerk 16.478 9.675 408 26.561 16.478 . 9.675 . 408 26.561
Pavement 2,618 1.437 371 4,426 5.926  2.473 7% 9.1%
Bridge 1.217 1,167 " 186 2.570 1.217 - 1.167 186  2.570
6 Drainage 1.887 B34 226 2.947 1.887 87 226 2.947
(mt"2-0{""1321;?00“1“.311“@“ 591 557 0 '1.148 TR 0 1.148
Sub-Total({Direct cost)24.222  -14.945 1,211 40.378 27,530 15.981 1.576  45.087
Others 12.746 7.865 638 21.249 14.488  8.410 o829 23,727
Compansation : 0 250 0 250 0 250 0 . 250
Total Project Amount 36.968  23.060  1.849 61.877 42,018 24,641 2.405  69.064
Right aiﬁe.pf the ' . Cost‘per Km 1.739
Batang Rajang - -
General S e7 87 1 185 97 87 1 185
Earthwork 1.593 333 41 2.567 1.593 933 & 2,567
Pavement 178 97 25 300 " 403 168 50 621
, Bridge 4,476 1.706 445 6.627 4.476 1.706 445  6.621
(136.600 ~, 138'800Drainage 57 9 7 73 57 4 - : 7 73
km) Miscellaneous 51 a1 a 92 _ 51 41 0 92
Sub-Tatal (Pirect Cost) 6.452 2.873 519 9,844 6.677  2.944 544 10.165
Others 1.395 1.512 273 5,180 3.512° 1,550 286 © 5,348
Compensation 0 50 0 50 0 50 o i} 50
Total Project Amount  9.847 4.435 792 15.074 10.189 - 4.544 8307 15,563
Lepong . Cost per ¥m 5.776
Balleh Road ;
Pavement 257 139 37 433 363 167 . 50 580
. Bridge 259 193 36 488 259 193 36 adb
Sub~Total (Direct Cost) 516 332 73 921 622 360 86 1,068
(Repong BaMER o tners 272 175 38 485 127 190 45 562
L= 5.0 km Total Project Amount 788 507 111 1.406 949 550 131 1.630
General 6.130 5.465 © . 85 11.680 6.130  5.465 . 85 .11.680
EaTthwork 76,290 44.559  2.110 122.959 76.290 44.559 2,110 122,959
Pavement 11.540 6.334  1.630 - 19.504 - 25.845 10,805 .. 3.210  39.860
Bridge 10.671 7.020  1.349  19.040 10,671 7.020 .. 1.349 19:040
TOTAL brainage 5.779 2.467 691 8.937 5.779 © 2.467 . _' 691 8.9¥
Miscellansaus . 2.569 2.393 0 4.962 2,569 2.393. . 0 4.9R2
Sub-Total (Direct 112.979  68.238  5.865 187.082 127.286 72.709 7.445 .207.438
Others Cost) gy 456 35.909  3.087 98.452 66.983 38,262 3,817 "109.162
Compensation )y 1.000 0 1.000 0. 1.000 - S0 1,000
Total Project Cost 172.435 105.147 8.952 286.534 194.267 111.971 11,362 - 3171600
Cost per Km 1,468
Hote FC : Foreign component LG 3

Local .component
“ - ,

822



8.2.3 Mﬂintenamae and Répair Costs

The Maintenance wor!c‘xieceésary to keep the roads in good condition is classified
into two types, routine maintenance and periodiec maintenance.

Routine Maintenance:

Patehing repair of furrows and potholes

Clearing of stormwater sewers and culverts, and vegetation control

Removal of wash-out debris
Other. traffic services

Periodic Main'ten'ance:
- Partial'repléeem eni of the surface dressing
- Overlaying of pavement
- Others

Table 8-10 shows the maintenance cost in a year per km. Those details abe shown
in Appendix 6-10. '

Table 8-30  ROAD MAINTENANCE COST M$/km

~ Routine Maintenance Periodic Maintenance

ADT 2,000 6,000 29,450
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CHAPTER 9. ESTIMATION OF FUTURE TRAFFIC DEMAND
9.1 Methcdology

a.1.1 Traffic Forecast Method

Trafflc is usually classified into the following types according to the traffice
demand forecast for the Pro}ect Road:

1) No_rmal tr_aff_lc_ _
2)  Diverted traffice
3) Induced traffic
4). - Development traffic
and these traff'ic types are defined' as foilow- :

1) Ncrmal trafflc oceurs on the existing road netwerk regardless of the comple-

Q‘tmn cf the Pro;ect Road, There is no normal traffic at present since no
: effectwe road network exlsts in the Study Arvea.

2) .V-Dlverted trafflc occurs upen the completion of the Progect Road by diversion

-_from the existing methods of transport. River traffic will divert to road
trafflc.cn the Project Road in the Study Area,

3) Induced traffic is newly generated traf_fic due to improved accessibility and

-' convenience reéulting'f rom the completion of the Project Road.

4)" 'Development traffic is generated due to the various develpoment activities

- resultmg from completion of the Project Road.

An outline of the traffic forecast method is summarized in the flow chart in Fig.
9t | |

9.1.2 Traffic Zone
For the analyms of trafflc, the Study Area and relevant adjacent areas including

the. Tmrd Dwxsnon and Belaga have been divided into 14 zones.

The - zones have been ‘divided taking into conmderatlcn the boundaries of the

subdxstmct the Pro;ect Road the rivers and thelr basgins as traffie routes.

_ The mclusnon of Bmtulu Zone actually mcludes parts of the Fourth and Fifth
' D1v151on located outmde the Study Area as a traffic. zone since traffic outside the Study

Area is Ixmlted_and all of it passes through Bintulu town.

| 9'_*:'1
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The results of zc_ﬁing are shown in Table 9-1 and graphically shown in Fig. 9-2.

ZONE FOR TRAFFIC ANALYSIS

Table 9-1
Zone No. Name of Zone Center of Zone River Basin/Road
1 Bintulu - Bintulu Tatau/Bintulu Road
2 Kuala Tatau Ruala Bazaar Bg. Tatau '
-3 Tatau Tatau Bazaar  Bg. Tatau
4 Kakus Gabond Trading Sg. Kakus
L/c
5 Anap Sangan Muput Sg. Anap
’ B Mupit Sg. Takan
6 Pelagus Merit  Bg. Rajang
Kapit Kapit Bazzar Bg. Rajang
8 Lepong Ng. Kebiau Bg. Balleh
Balleh Sg. Suut
9 Song Song Bg. Rajang
10 Gaat Ng. Puru Bg. Balleh
11 Mujong Ng. Tiau ~ Sp. Mujong
12 Ulu Balleh Ng. Entwau Bg. Balleh
13 Belaga Belaga Bazzar = Bg. Rajang
and Vieinity -
14 Third Div. ~~  Sibu Bg.

Rajang

é,z Traffic Demand iﬁ the 'Study Area
9.2.1 General | |

The"fﬁtufe tra;ffic demand forecast will be made based on the socio-economic
f_olr-ecas't date descplbed in Chapte'r 4 and also on field investigation findings and traffie
data e_ﬁ;p_.la.in‘e_d in_'CHapter '_5. | |
| | Fﬁtﬁfeﬁ tf‘aféc déﬁand in Vthe sfudy of urban transport is nobmally forecasted based

upon home -interview surveys to ascertain the relationship between generated traffic
volume and home attributes, which are oceupation, income level, car ownership ete.



rig. 9-2 ZONING MAP FOR TRAFFIC ANALYS]S
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Future traffic demand in this study, however, is forecasted based upon interview
surveys of river traffic characteristics and traffic volume surveys instead of the said
method due to 'the following reasons:

H 1 is practically impossible to conduct home interview surveys because the
population is broadly scattered in the interior region.

(it) A household income survey has not been econducted with the inhabitants who live in
the interior reglon Even if the survey were conducted by the Study Team, 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 difficl_xlt to_ forecast the future traffic demand ater the completion of the

Project Road based upon present home attributes.

’I‘h'eréfmfe, future traffic demand is estimated based only upon present traffie data
‘and the zonal pop{xlation, which are considered to be the most reliable economie
indicators. The- zonal population has been estimated based ﬁpon the future subdistrict
populatlon forcasted in. Chapter 9 and the Kampong Master List for Malaria control in
1981, The future pOpulatlon of Bintulu Subdistrict has been separately estimated with
reference to the Bintulu Master Plan Study. Table 9-2 shows the results of estimated
future pOpulétilon by traffic zone.

The present t'raff'ic demand level of each traffic zone in terms of number of trip-
~ ends per 1,000 population, is shown in Table 9-3. The annual growth rate of trip-ends per
1,000 population from 1982 to 1984 amounted to 15.0% in the Tatau area and 4.4% in the

Kapit area according to the traffic surveys.

The growth rate has been large in the Tatau area since the Trunk Road has been

open, The growth of trip-ends per population by zone is shown in Table 9-4.

9.2.2 River passenger {raffic demand in the Study Area
(1) Tatau River basins
In the Tatalt area the existing river passenger inter zonal traffic demand, in terms
of the number of trip-ends per 1,000 population, is much higher in Sungail Kakus
than in Sungai Anap as shown in Table 9-3. The main reason for low traffic demand
in Sungai Anap is the existence of Sangan which acts as a secondary distribution

center in the Sungal Anap basin.
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Table 9-3  LEVEL OF INTERZONAL PASSENGER TRAFFIC DEMAND

A
1. Bintulu 35,912 - -
2. Kuala Tatau 3,270 387 118.3
3. Tatau 5,435 1,998 367.6
4. Kakus 1,865 277 148.5
5. Auap 4,657 436 93.6
6. Pglagus' 7,841 569 72.6
7. Kapit 14,651 2,922 199.4
8. Lepong Balleh 3,538 ?58 214,32
é. Song. 18,279 (166) -
10. Gaat 5,237 230 43.9
11; Mujong 7,378 426 57.7
12, Ulu Balléh 3,422 204 59.6
13, Beiagé 12,237 66 5.0°
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The ‘express launch utilization level, providing the only reliable base for estimating
future rlver passenger traffic demand, shows a fairly high growth rate of 50% in

: the last 2 years. Th15 high’ growth is largely attributed to the activation of timber
pr_‘o_(iuct_1qn -in the “Tatau-aréa. The increase in inland inhabitant employment

' ‘oppOrtuni'ties dhe to titﬁber' production has produced large traffic demand.
However, the htgh growth rate is untikely to be continued sinee timber production
in thls ares is estlmated to decrease in the future.

(2) Ra]ang River basins

In the Kapit_ar’ea, the eXié_t'ing river passengér traffic demand level is still low in
' _t_hé upstream river basin except in Lepong Balleh which is situated close to Kapit
town. Since fhe'rapids:a'nd shallows are obstacles in the upper parts of the rivers,
" end Long Houses are scattered in the wide river basin area, it is unlikely that river
traffic demand w_ili 'Sharp'iy' increase. However, river traffic demand will surely
increase alo'ng with population increases and commodity market éxpansion.
The iner ease of traffic demand between Kapit and Sibu depends upon the growth of
Kaplt town Kaplt is expected to develop along with timber production and as an
administrative center for the development project in Seventh Division,

(3) The growth rate of r'_ive'.rf traffie
" The growth rate shown in Table 9-5 is estimated in this area, based on the growth
of 'Ltt"ip-érids ‘between 1982 and 1984, and also based on the assumption that
' passenger trafflc Wlll grow in proport:on to the inerease in income and economic

aetwmes m the area. Per’ capzta GDP, which is estimated to grow at a 5% rate in
the I*ourth Malaysm Plan, has been taken into consideration to determine the

passenger traffic growth rate.

-Usmg the gbove growth rates, future river passenger traffic demand and distribu-
“tion in the_Tatau and Kapit areas have been estlm_ated in Table 9-6 and presentfed
in'Fig.' 9-3.

9.2. 3 Cargo transportatmn demand

The ex1stmg cargo demand in the Study Area basically consists of shipping
agmcul’cural products and logs. and of the inward dehvery demand for consumer goods,
eonst:uctlon_materl_als, fertilizer, animal feed, fuel and so forth. The estimates of these

cargo transportation demands are summarized in Table 9-7.



Table 9~5 ASSUMED GROWTH RATE OF RIVER PASSENGER TRAFFIC

.'Avérage Annual Growth Raté(z)f.-._

1984~1990 1990-1995 1995-2000 2000-2005. 2005-2010

; . Long beat 8 8 6 N T 4
Tatau Speed boat
Subdistrict °F ' o
Express 10 10 8 8 6
Launch '
. Upper 6 6 8 8: B
Kapit s A
District KaPlF Aléa- _ —
Kapit-Sibu 8 8 10 10 8
(Express ' ' ' o
Launch)
Table 9~6 DISTRIBUTION OF FORECASTED RIVER PASSENGER TRAFFIC
No, of Passengefs/day .
1984 1985 1990 1995 - 2000 2005 2010
Tatau-Kuala Tatau 387 419 623 929 1,263 1,717 2,128
~Kakus 277 301 453 686 946 1,310 1,652
~Anap 436 473 706 1,056 1,441 1,970 2,452
Tatau Total 1,100 1,193 1,782 2,671 3,650 4.997 6,232
Kapit-Pelagus 569 603 807 1,080 1,587 2,332 3,121
-Belaga 66 70 94 . 125 ~ -184 - 270 . 36l
~Lepong Balleh 758 803 1,075 1,439 2,114 3,107 4,157
-Mujong 426 452 604 809 1,189 1,747 . 2,338
~Gaat 230 243 326 437 642 943 1,262
-Ulu Balleh 204 216 289 387 - 569 836 - 1,119
Sub-Total 2,253 2,387 3,195 4,277 - 6,285 9,235 12,358
Sibu-Kapit 400 432 635 933 1,503 2,420 3,556
Kapit-Total 2,653 2,819 3,830 5,210 7,788 11,655 15,914

9 — 10



Fig. 9~3 DISTRIBUTION OF FORECAST RIVER
PASSENGER TRAFFIC 1990 {2005)
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'Fiqure's in parenthesis indicate the passenger '
traffic volume in 2005,
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Table 9-7  SUMMARY OF GOODS TRANSPORT DEMAND

‘(Unit: 1,000 tons)

lo84 1985 1990 . 1995 2000 2005 2010

Tatau Sub-district

Incoming Total 8.8 10.3 2.7 16,0 19.8  24.6  31.0
Rice 0.6 0.6 0.7 0.9 1.0 1.2 1.4
Fuel 3.2 3.4 4.3 5.6 7.1 9.1 11.7
Cement, Iron 1.2 1.3 1.8 2.4 3.2 4.3 . 5.7
Fertilizer, Feed - l.l-. 1.1 1.2 -1.3 1.3 1.5
Other 3.8 3.9 4.8 5.9 7.2 8.7 10.7

Outgoing Total 1,675.0 1,661.7 1,415.8 1,070.0 1,034.1 789.2
Agricul tural 1.6 1.7 1.8 2.0 2.1 2.2 2.3
Products : _ e
Timber 1,675.0 1,660.0 1,41&.0' 1,068.0 1,032.0 787.0_“5"

Kapit District

Incoming Total 23.5 33.2 41.1 50;9' .:63,4_ *f%9;5 99.9
Rice 0.7 0.8 1.8 2.8 40 s 6
Fuel 8.9 0.4 123 16.0  20.8 27.2  35.4
Cement, ILron 3.4 3.6 5.0 6.8 9.3"{;12.7 17.4
Fertilizer, Feed - 8.5 8.4 8.4 8.3 _ ’$;2' 8.1
Others 10.5 10.9  13.6 16.9  21.0  26.1 32.3

Outgoing Total 689.3 1,020;3' 1,020;4 1,020.4 1,020.5 1,020.5 1;020.5
Agricultural 20.3 20.3 20.4 -+ - 20.4 20.5 . 26.5 -;20.5 |
Products .

Timber 669.0 i,coo.o 1,000,0 1,000.0 '1,090.0 l,oob,o_l,ooo.o

P12



e The:major_ outward commodities, namely rubber, pepper and logs, ave all shipped
outside the Study Area. The present and future estimated quantity of sgricultural and
forestry produets is shown in Chapter 5. This is equal to the commodity volume shipped
outside the Study Area. (Appendlx 7 1-5). As regards rice, comsumption voluine of rice is
more than total productxon in‘the Study Area as caleulated in Appendix 7-1-4. The results
indicate rice has beer_l an in-coming commodity. |

These outward agricultural commodities are sent by waterway via Tateu and Kapit
using longboats from upstream and "_motor vessels going downstream. As for logs, those
that float are rafted and those that sink are transported by barge towed by tugboat.

Inwat’d dehvery cergo consists of a large variety of commodities including food,
sugar beverages, cement steel products, fuel, fertilizer, feed and sundry goods. The
transportatlon demands have been estimated based on the per capita consumptlon ievel of
t_hese commodities, and they are shown in Appendices 7-1-1, 7-1-2,° 7_1 -3. ' As for
fertilizer and feed, the commodity volume is estimated based on their per hectare or per
head cohsurr_iption in the future. Aecerding to these estiamtions, the total of inward
commodities a’mounte'd to 32,300 tons in the Study Area in 1984, of which 8,800 tons were
in the Tatau area and 23, 500 tons were in the Kapit area, '

These commodities are transported by 50 to 150 ton motor vessels from major
ports up to Tatau or Kapit. Upnver from Tatau and Kapit, daily consumer goods are
generally carried by longboats together with passengers.

- 9.3 Transport Cost Aha}ysis

9.3.1 General

_ In this sectlon, transport cests in the Study Area are analyzed by comparing
scenarios ”wath" and nwithout" the Prolect Road. Transport cost savings, depending on
results of this ena1y51s, are one of the direct benefits of road construction and the most

1mportant quantlfiable indieator of the beneflte

In the Study Area, rwers are the only means of transport. As a results, transport
| costs are extremely hxgh and travel time is long. Therefore, transport cost savings by
road constructlon W111 be partmeularly large and will cause. substantlal changes in traffic
demand and trafflc dlstmbutmn patterns in the Study Area. Eepeelally in the Kapit ares,
the major tradmg center is expected to change from Sibu to Bintulu since the Project
'Road wﬂl connect Kapit dlreetly with the Bintulu Development Projeet Area.

¢ 13



The following appendices explain in detail the data base, assumptions and estimates

of transport costs by type of transport, namely vehicles and vesssels:

9.3.2
(1)

(2)

Estimation of Motor Vehicle Operatlon Costs H Append;x ‘??2' "

Estimation of Vessel Operating Costs : Appendix 7-3

Passenger transport costs

Fare

Publie transport in the Study Area consists only of express launches and taxicabs,
but buses and airline serwces are in relevant adjacent areas. _ .

Table 9-8 shows & compamson of their umt fares per passenger per kllometer. This
indicates the unit costs of buses and express launches are cheapest. But unit co_sts

of express launches vary according to the route.

Table 9-8 . COMPARISON OF TRANSPORT FARES

(198'4)
Mode Unit Fare (M$/km/Pass)
Bus™1 ' _ 0.12
Taxi*2 0.60
Express Launch*3 0.08 - 0.13
Air*4 0.40
*1 : Bintulu ~ Tatau M#$6.00, distance 51 km
*2 :  Authorized fare 3 -5 km distance .
*3 : Tatau - Sangan 0.13 M$/km, M$6,00, dlstance 48 km
Sibu -~ Kapit 0.08 - 0.09 M$/km, M$12 13, distance 152 km
Kapit - Belaga 0.11 M$/km, M$18,00, distance 170 km
*4 ¢+ 8ibu - Bintulu M$53.0_0, dist_ance 16§ km_

Transport costs

Table 9-9 shows the average operatmg unit cost Gf varlous means of passenger' :
transport including private transport means calculated in economlc prlces
Comparmg unit fares, the unit fare of a bus is too much h:gher than umt cost in

economic pl’lCCS
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A;’nong‘ the unit costs, the unit cost of express launches is higher than that of buses
in public transport and the unit cost of a long hoat is also higher than that of a
- passenger car in private transport. This proves that river ‘transport costs are
higher, in the Study Area. In addition, a comparison of travel speeds between
modes of transport reveals a greater disadvantage in river tranéport for passengers.

Tabie 9-9 - COMPARISON OF AVERAGE UNIT TRANSPORT
COSTS FOR PASSENGERS (ECONOMIC PRICES)

Avé. No.

Unit Cogt/Aver e
M$ of ag
Mode of
ode of Travel Veh,km Per Day -Passengers Pass/. Travel
{Capacity) km Speed
(M$)  km/hr
Passenger Cer  Gravel  0.6848 - 3 0.228 55
: (0.5284) - (4) (0.176)
Paved 0.4727 - 3 0.158 80
: (0.3633) - {4) {0.121)
Bus . Gravel 1.1768 - 25.0 0.047 40
(1.0316) - {44) (0.041) .
Paved  0.8565 . 25.0 0.034 )
{0.7412) (44) (0.030)
Express' Launch
Tatau-Gabong L/C 4.5561 628.74 40 0.114 35
. (4.2660)  (588.71) (64) (0.107)
Kapit-Sibu 4,2255 1,284.56 42 8.101 35
(4.0167) (1,221.09) (70) {0.096)
Long Boat 40 Hp  2.6830 - 10 0.268 12
: (2.0680) {12) {0.207)
25 Hp 1.7660 - 5 0.353 12
: (1.3600) (6) (0.272)
6Hp  1.1718 - 2 0.586 8
(0.9118) (3) {0.456)

Note: { ) Without Taxes

_(3) Comparative analysis by route (oassenger fransport)
A comparason of travel time and fare/cost of road and river transport between
traffic : zones is summarized in Table 9~10 and 9~11.
The travel time is calculated from transport distance divided by averasge travel
speed . of transport Regarding transport costs, a unit fare is used for publie
.transport while a unit cost in economic prices shown in Table 9-9 is used for
private transport. The analysis proves that road transport on the Project Road is
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Table 9-10  COMPARISON OF TRAVEL TIME BETWEEN ROAD AND RIVER

(Unit:

_ Hour)
. o ' - Lepong N [
Tatau |Sg.Kakus| Sg.dnap | Pelagus | Balleh [ Kapit | Belaga '
— 1.28 1 2,56 2,28 | .3.85 4,60, | .4.85 ) _8.42
intulu 1.28 2.95 4,21 - |
1,28 1.00 2,58 3.33 3.58 R
Tatau 1.67 2.93 :
o 0.73 2,76 3.51 3,76 ‘
Sg.Kak : - —
B.RAUS | o6 3 = .
. 1,58 2. S
Sg.Anap 33 , -‘2.?8
_ . pelagus | QI3 100 |
Upper : with Project Road 2,05 1.11
Below : without Project Road Lepbdg__ ;Q;gi S
: Balleh 1.13-
Rapit e
.b . .
S1ou 544 5. 44 4.3 |- 10.01

(Uni

Table 9-11 COMPARISON OF TRAVEL COST BETWEEN ROAD_AND'RIVER

t: M$/passenger)
- . Lepong | .
Tatau |Sg.Kakus | Sg.anap | Pelagus Balleh Kapit Belaga
) 6.12 11.62 1 11,92 18.48 | 22.08 23.28 | 33,55
Bintulu 1 7777 12.62 | 17.96 | N
5,50 4,80 | 12,36 | 15,96 | .1Z.16
Tatau 6.50 | 11.84 | = i
2.86 12.58 16,18 17.38
Sg.Kak ,
R N s '
: /5 11.16 .
Sg.Anap 7:56 .16 12.36 |
' Peiagus. 3,60 4.8 ]
Upper : with Project Road ;'7;89ﬂ' o 3,63i V'L- 1
- . ‘Lepoug - 1,20
Below : without Project Road Balleh'_ 2;95_ =
Kapit |
Sibu 1 35779 | 75,05 | 12.16 | 30.86
916




9.3.3
(1)

(2)

dlstmctly SUpEI‘lOI‘ to the ex1st1ng river transport both in travel time and transport

cost. In addltlon, some traffic zones can be connected only by the Project Road.

Therefore, rwei passenger traffic is expected to be diverted to the Project Road
from most of the existing river routes.

~ Caigo transport cost

Cbmparison of unit transport cost

Cargo transport costs generally vary by cargo type, distance, loading and unloading
costs and other conditions of transport. For the purpose of an inter-modal

'cohpabiéon, haiﬂing costs have been estimated in Table 9-12 assuming standard

operating conditions.

Table 9-12 shows that river transport is generally more advantageous than road

transport in terms of unit transport cost. However, the unit cost of a long boat,
which is a popular transport means upstream of rivers, is far more expensive than
the unit coat of road iransport.

Since the yesr-round operation of motor vessels over 150 tons and barges and rafts
towed by tug bdats is possibl_e only in the main streams of Batang Tatau, Batang
Rajéng ‘and Batang Balleh, transport costs in the inner area will be very large. The
cost of tf_ansporting consumer goods and agricultural products by long boat is

especially burdensome for many farmers,
Comparison of cargo transport costs on major routes -

As”.cargo traffic volumes and tariff systems in the study areas have not been
clarified, operating costs have beeﬁ_ eompared with interzonal transport costs
"With" and "Without® the Project Road. In this comparison, a time value has not

" been taken info 'dir"e'ct consideration.

A compamson of transport costs of representative commeodities on major routes is
summal 1zed below and in Table 9-13, and further in Appendix 7-4.
1) 'B_mtulu - Sangan (general cargo and logs)

After the comp:le_tion of the Project Road, the transport cost of general cargo
will be about 20% lower by 6-ton truck than by river transport, and moreover,
differences in travel time will make truek trapsport more advantageous.

The transport cost_' of logs (sinkers) by truck is about 50% higher than by barge
| towed by tug boats, but the difference may be reduced by saving travel time

on the road.
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Table 9-12

COMPARISON OF AVERAGE UNIT TRANSPoRr'COSTs FOR ‘GOODS

(Economical Price)

Cost.(M$) Avefage Unit ¢ Avéfagelveh{/
— per Dav Loading Cost/  Vessel Speed
_ Veh./km N Yo Tonnage tou~km (kn/hr.)
Truck 6 tons Gravel 0.9123 - . 6.0  0.152 43
(0.8281) : (0.138)
paved  0.6854 - 6:0°  0.114. . 55
(0.6232) ' (0.204)
10 tons Gravel  1.3673. - -10.0 0.337 -« 40
(1.2098) (0.121)
paved  0.9480 - 10.0 0.095 - 50
T (0.8385) (0.084)
20 tons Gravel = 2.5145 - 20,0 0.126 40
(T. Trailer) (2.1955) ' ' (6.110)
Paved  1.7136 ~ 20.0 0.086 50
(1.4971) | T (0.,075) -
Motor Vessel 50 tons - 455,40  40.0 0.086 11
(417.69). (0.079)
150 tons -  2,420.74 120.0  0.067 12,5
(2,174.04) . (0.060) :
Tug + Barge - 1,456.00  400.0 - 0.030 12
(480HP) (500 tons) (1,292.93) (0.027)
Tug + Log Raft - 783.18  500.0 0,016 10
(240HP) (500 tons) (705.54) (0.014)
Long Boat 40 HP  2.6830 - 1.5 1789 . 12
(2.0680) (1.378)
25 HP  1.7660 - 0.7 © ‘2.523 12
(1.3600) R C(1.942)
6P 1.7170 . -~ - 0.3 - 5.723° 8
(0.9110)

(3.036)

Note: ( ) Without Taxes
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Table 9-13

COMPARISON OF CARGO TRANSPORT COSTS
BETWEEN ROAD AND RIVER

Transport

Section Type of . . Transport
on Commodity mode Distance Cost
. | : - (M$/Ton)
‘Bintulu-Sangan | General Cargo Road 75 km "15.48
River 108 km - i8.73
n Logs {Sinkers) Road 75 km i?.ﬁ&
River 108 km .15
_ Tétau~Sangan General Cargo Road 24 km 7.67
o River 48 km 11.62
Bintulu-Kapit | General Cargo Road - 194 km 35.10
Sibu-Kapit " ‘River 152 km 25.85
Bintulu-Bawai | Logs (Sinkers)| Road 184 km 28.41
Tg. Mani-Bawal | Sawn Timber River 261 km 12.27
Bintulu-Bawal | Logs (Floated)| Road 184 km 28.41
Tg. Mani-Bawai River 261 km 11.78
Bintulu-Pelagus | Cement/Stone Road 160 km 26.56
"§ibu=Pelagus River 185 km 17.62
‘Bintulu-Pelagus | Heavy Equip- Road 160 km 25.23
| | ment for River/ 557 km 28.79

construction Coastal

Note: Cost in 1982
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2)

3)

4)

5)

6)

Tatau - Sangan (general cargo)

Road transport has an absolute advantege for the transpoi'f of general cargo
because of the much Iong‘er trip if transported by river.

Bintuly - Kapat vs. Sibu - Kapit (general cargo)

After the completion of the Project Road, the Bintulu area is llkely tobecome one -
of the major trading centers for the Kapit area instead of Sibu. Therefore, &
comparison of transport costs has been made between Bintulu-Kapit - and
Kapit-Sibu, The river transport cost of general cargo is about 30% lower than
the cost of a 6-ton truek. However, in view of the comparison’ in travel time
(about 6 hours by road, 1 or 2 days by river) truek transport appears to be more
advantag'éous.

Bintulu - Bawai vs. Tg. Mani - Bawai (logs)

The major method for shipping out logs will likely be to transfer from Tanjung
Mani located downstream of Batang Rajang to Bintulu Port after the comple-

tion of the Project Road. A comparison of transport cost has been made

between Bintulu-Bawai and Tanjung Mani-Bawai.

The river transport. cost of logs (slmkers) has an absolute advantage compar‘ed
w1th road transport. However, when logs are proceSSed in the Kapit area, the
transport of sawn timber and plywood by truck will be required for the Kapit

and Bintulu areas.
Bintulu - Pelagus vs. Sibu - Pelagus (cement/stone)

For the transport of cement and crushed stone to use in the Pelégus
Hydroelectric Project, the river transport cost from Sibu Port is lower than
the truck transport cost from Bintulu Port. The diversion of transport means
from river to road will not oceur in the case of transport for construction

material.
Bintulu - Pelagus (heavy equipment)

Bintulu has the only deep water port in Sarawak af present, When heavy
equipment for construction of the Pelagus Hydroelectric Pro;ect 1s 1mported
through the Bintulu deep water port, the transport cost of these commodltl_es
by & 20-ton truck trailer will be comptetitive with that of water transport,
Therefore, if the difference in travel. time is taken into account, large truck

transport is more advantageous.



9.4

Forecast of diverted traffic

The compl_etion of the Projeet Road will result in the diversion of river traffic to

the road in the affected area. The diverted passenger and cargo traffic from river to road

in the Study Area is estimated below.

(1) Diverted passenger traffic

@

As already seen in 9.3.2, the completion of the Project Road is expected to have a
great impact on existing river transport. The advantsges of road over river will be
established in most areas along the Project Road, in terms of travel time and

_transport cost,

- Table 9-14 ého'ws the modal split of traffic estimated based on an analysis of travel

tim‘e and 'tra'nspzort ‘cost by competitive routes. Existing river traffic for all OD
pairs 'along the Project Road is expected {o be diverted to the road. As regards
river traffic between Kapit and Pelagus and Lepong Balleh,. about 70% of it is
assumed to divert to road traffie, since inhabitants living around Kapit town will

~ continue to use riverl transport. River traffic beiween Sungai Kakus and Tatau is
likely to continue because inhabitants of Sungai Kakus will still be obliged to use the

river between Sungai Kakus and Sanga'n even after the Project Road is constructed.
Nevertheless, about 70% of the river traffic between Sungai Kakus and Tatau will be
converted to road traffic from Sungan to Tatau to take advantage of time savings.

Table'Q 15 shows the future diverted traffic calculated with the forecasted river
passengers in Table 9-6 and the above-mentioned proportion of diversion,

According to the current modal split of inter zonal passenger traffic between bus
and car, the future modal split has been estimated at 5% for bus and 35% for car.
An average number of passengers of 25 per bus and 3 per car has been assumed for

conversion of the number of passengers to the volume of motor vehicle traffic.
The forecast of passengers diverted to vehicle traffic is shown in Table 9-16.

Diverted Cargd Traffic

" The mcormng goods brought in v:a Tatau which are delivered to the Sungai Anap

basm will be entlrely shifted to transport by the Project Road after its completion,
and ‘the entire volume of outgoing agricultural produets of this area will also be
dwerted to road transport, except logs. Road transport for incoming and outgoing
cargo to/from the Sungm Kakus basin is not available directly. However, since
Sangan is a secondary delivery center for this area, 70% of the total volume in

transport is assumed to be diverted from river to road.

¢ - 21



Table 9-14 RIVER PASSENGER TRAFFIC EXPECTED

TO DIVERT INTO THE FROJEQT”ROAD

Modal Split (%)

‘River - Road.

1993 Diverted TtéffiC-'
(No. of Passengers/day

—

Kuala Tatau-Tatau 100 - 792
Tatau/Bintulu Sibu _ . :,_
- Sg. Kakus . 30 70 407
~ Sg. Anap - 100 899
Kapit-Lepong Balleh 30 70 897
70 673

- Pelagus - 30

Table 9-15 FORECAST. OF DIVERTED_PASSENGER-TRAFFIC

N6. of Passengérs/day .-

Road Section

1993 1995 2000 2005
Ulu Btg. Mukah/ : : B R
Bintulu Road - Sangan 1,306 1,536 2,103. . 2,887 3,608
Sangan ~ Muput 899 1,056 1,441 1,970 2,452
Muput - Pelagus 7 - o :
Pelagus - Lepoﬁg Balleh 673 756 _l,ill 1,632 _2,185 :
Lepong Balleh-Kapit 1,570 1,763 2,591 3,807 5,095

2010
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The volume of Cargo transport to/from Pelagus and Lepong Balleh via Kapit to be

dwerted to the voad has been est;mated at 70% of the total based on the same

'consideratmns used for passenger trafhc. Table 9- 17 shows estimated diverted

goods trafflc from mver to road, basing upon above diversion ratio and future goods

) 'demand shown m 'I‘able 9-7,

9.5

Forecast of ' Development Traffic

Development traffxc expected from the constructlon of the Progect Road consists of

the following:

| _.(1)_

) _Developm ent. trafflc demand for agrmultural cargo has been estimated based on the

' (1) "‘I‘hat wluch wall be generated as a result of agrlcultural development
(i) That Whl(!h w;ll be generated as a result of tourism development

(iii) - ‘That ‘which will be generated as a result of the deveiopment of the Pelagus
3 Hydroelectme Prmect

Agmculturej development traffic

" increase of agricultural products in the "with" road case in Chepter . it is assumed

that all the agrioulturel development products in the Sungai Anap area and 70% of
the same pto_ducts_ in the Sungai Kakus area will be carried out to Tatau by truck,

‘and the commodities necessary for agricultural development (fertilizer, animal feed,
ete) will "be brought in by return trips of the same trucks. In the Kapit ares, the

agrlcultural development area is situated only in Pelagus All the products are

o assumed to be camed out to Kap:t by truck.

_Agrloultural development in the Study Area is expected to produce paddy. Although
_ _.paddy output will be consumed in the Study Area, the rice will have to be carried

()

. out to 'I‘atau or to Kapit for processmg gt rice mills or for delivery.

Provnded the development scheme is Ieallzed it is assumed that passenger and goods

traffic will be required to support the development. Therefore, it is assumed that
the same volume of van/pick up traffic as of trucks will be generated between

'_ development areas and Teteu/Kaplt

The foreeaqted agmcultural development traf fic is preesented in Table 9-20.

"'Touumsm development traffxc

The toumsm deveIOpment traffxc hes been pro;ected based on the estimated number

of v:sitors in Chapter 4,



(3)

9.6

The Project Road completion and acuompanylng tourism development in Pelagus and
Kapit will produce sizable traffic demand But due to uncertamty in the tourism
demand forecast, tourism traffic is estlmated based on the mlmmum demand case
for the purposes of this study. The number of v1sxto_rs estimated to use the Project
Road is shown in Tablé 9-18, and the results of forecasted v'ehicle traffic are shown

in Table 9-20.
Traffic genrated from the Pelagus Hydroeleectrie Project

The proposed Pelagus Hydroelectric Dam construction will start in the year 2000
and will be completed in 2005. As it is expected that the Projeet Road will be used
for carrying materials for dam construction, the éai‘go tr'.arispor.t'deménd for this
dam constriction projeet has been estimated in Table 9-19. The dam d'evelrc')pment
project is assumed to generate about 100 traffic of 10-ton trucks in a day (in both
directions ) between the Batang Rajang Bridg.e and the Pelagus Dam during a 3 year
period (2000-2004). The results of this forecasted traffic are alsd in Table 9-20
apart from the other development traffic. The traffie genérated from the
Hydroelectric Project has not been included in the total of development traffic

because it is expected to oceur only in the short term.:

Estimate of Overall Passenger Traffic "with"” Project Road |

8.6.1 General

In this part an entirely different method from the one described before will be used

to forecast passenger traffic to be generatéd upon completion of the Project Road. The
method is applied only for passenger movement sinee this could be determined fairly
accurately during the field traffic survey, and since populatlon data is the only relatively

reliable regional economic indiesator,

9.5.2 Demand forecast

(1)

Method of estimation

The field survey of river traffic has yielded the 'data_ of passehgerf rtr_af_fric_: volume
and average transport costs per trip-end for each traffic zone. Travel cost is
usually considered to be the comprehensive factor co_htl'ollirig traffic demand in the

transport market mechanism.
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Table 9-18 ESTIMATED NO, OF VISTITORS
USING THE PROJECT ROAD

From/ To 18495 2000 2005 2010
Bintulu - Kapit 8,000 9,000 11,500 14,900
Kapit ~ Bintulu 7,800 8,900 11,400 14,500

Table 9-19 ESTIMATED COMMODITY VOLUME FOR
THE HYDRO-BLECTRIC PROJECT

Cement 575,600 tons
Steel 41,470 tons
Total 557,070 touns
No. of }

Vehicle 100/ day

t 3 . _
10" Truck SL/day % 365
Carry
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_Therefore, there is considered to be some relationship between transport cost and

traffic volume.”

The field survey of river traffic has revealed that the following'euqation describes
the relationship between the average travel cost per each trip-end and the
generation/concentr;itio'n traffic volume per population of a traffic zone (relevant
values used for déveioping the equation are shwon in Table 9-21):

Ti = & -}-ﬁ
S i | |
where, Ti = trip-end per 1,000 population of Zone-i
' Ci = average transport cost per trip-end of Zone-~i
« = 1,272.4761 '
g = 1.17386 _
R = 0.9142 (correldtion coefficient)

:'I‘his"eQuaticm has been trarisl_ated into the curve in Fig. 9-4, whieh shows that as
transportation cost decrepses, the volume of traffic increases.

' The average transporrt cost per trip-end of Zone-i is ealeulated using the following

‘equation: -
.n n
P S ST T IR I T oy
Ci = Cij - Vij/ =1 Vij
where, ':Ci = &ver_age transport cost per trip~end of Zone-i
Cij = transport cost between Zone- i and Zone -
Vij = Traffic volume between Zone-i and Zone-]
*) The method used is an application of simple price theory.

" In traffic engirieefing; Mr. Gerald Kraft used this method to forecast inter-city

iraffic volume in his "Demand for Intercity Passenger Travel in the Washington-
Boston Corridor (1963)". His methodology is usually referred to as the Kraft
MOdel. LT maatl . s . .7 . . . R .
The Kraft Model is considered suitable for forecasting traffic patterns in this

- project, accounting for many more traffic purposes other than commuting traffic,
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Table 9-21 presents the relationship between trip¥end and aVerage. tranéport cost
for each traffic zone without the Project Road in 1982 and with the Project Road
in 1993. The "with" situation also includes the growfh in traffic from 1982 to 1993.

The analysis is as follows:

(i)

(ii)

In the tyithout" ease, the number of trip-ends per 1,000 peopié in 1982
presents the present river passenger traffic demand level (refer to Tabie 9-74).
The theoretical value of average transport cost is caleulated based upon the
equation in Fig.- g-4, The actual value is estimated based upon unit fare/cost
in Table 9-11. The difference between the two values in the Anap Zone
results from that actual value that has been estlmated based upon the cost of

express service.
In the "with" situatioh, the average transport _costé in some traffic zones are
reduced using the Project Road | ' ' '

The estimated trip-end per 1,000 people is: calculated from the equation as
the traffic demand level after the completion of the Project Road in 1982.
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(ii{) As some parts of the area in the traffic zone ave believed to be practically
free from the impact of the Projeet Road, an adjustment has been made fov
70% of the estimated trip-end.

(iv) Traffic demand after completion of the Project Road has been obtained
o '_sir_nply'by multiplying the estimated trip-end per 1,000 population by the
zonal population adding in the growth factor of traffic from 1982 to 1993,
Annual growth rates of 6.4% in the Tatau area and 4.0% in the Kapit arca are
adopted to estimate traffic in the years 1993. '

This equation, which relies on the sampie OD suﬁley taken in Tatau and Kapit in
1982, reflects relatively long distance trips between the rural zones and the major
centers in the Study Area: Bint'ulu, Tatau and Kapit. Therefore, the results are
believed to correspond to future vehicle patterns in the Profect Area cven if it is

based on the river passenger traffic data.

For the equation, the future zonal populations have already been shown, in Table
9-2 and the time distance between zones was determined in Table 9-10.

Based on the obtained distl‘ibution pattern, the adjusting esalculations have been
done' using the previouly prediated trip-end for each zone using the Flator Method,
A future passenger traffic volume between zones for the "with" the Project Road
case has been obtained as presented in Table 9-22.

Table 9-21 ESTIMATED PASSENGER TRAFFIC DEMAND
(WLTH ROAD SITUATION IN 1993)

Without the Project Road With the Project Road
Average Trayel
Cost{M$/Trip-end) Ave. Est. Adjusted Trip-ends/
1982 _ Esti- Travel Trip- 1,000 popu,
- Trip-ends/ Theore~ mated  Cost ands/  Adjust-
Traffic 1,000 tical Actual (M$/ 1,000 ment Non With Growth
Zone- popu. Yalue Value Trip~end popu. Factor Growth Factor
Kakus  145.6 6.34  6.50 6.34 145.6 - 145.6  264.1
Angp 50.0 15.76 11.84 4.70 206.9 x0.70* 144.8 286.5
- Pelagug 89.4 11.92 11.54 4.63 210.5 x0.70* 147.4 226.9

Lepong 191.4 - 5.02 4.80 2.61 412.6 x0.70* 288.8 444.86
Belleh .

_ Note *: It wes assumed 30% of the area will be little affected by the Project
~ . Road. -
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9.6.3  Overall passenger traffic

(1)

(2)

(3)

Passenger traffic distribution model

The foliowmg gravity type model was used to est:mate passenger movement

between relevant traffic zones and the major centers, based on field survey

findings:

o (Pi-pj) “
Tij = K Dijﬁ

distribution traffic volume between Zones i and j

i

where, Tij

Pi = population of Zone i
. Pj = populationof Zonej -
Dij = time distance between Zones i and j
i = 15.789576
a = {L1910639
B = 0.564525
R = 0.8592 (correlation coefficient)

Vehicular traffic by road section
Future vehicle traffic volume on the Project Road by section, shown in Table 9-23,
has been obtained by distributing the value of Table 9-22, using the same method

used to calculate diverted traffie. A passenger split of 65% bus (average
passengers, 25) and 35% car (&verage passengers, 3) was used.

Relationship between traffic forecast and car ownership

Future traffic volume is not forecasted based upon car ownership as stated above.
For the sake of caution, approximate unit passenger car ownership is estimated

based upon the traffic forecast in 1993.

The number of passenger car trlps is calculated from the total number of generated

trips: 12,300 trips/day (including tI'l_pS between ’I‘etau and Bintulu) as follows:

12,300 person trips/day x 0.35 (using rate of passenger car)
+ 3 persons (average number of passengers) = 1,400 vehiele trlps/day

If it is assumed that one trip/day is generated for ‘esich passén’ger'car, the number
of passenger cars in the Study Area is estimated ‘at 1,400 an_d the rate of . ecar
ownership is about 50 persons per yehicle, . ' |

Table 9-24 shows the present status of passenger car ownersmp in Sara.wak by
Division, compared with that in the Study Area. '
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Table 9~22  ESTIMATED DISTRIBUTION OF PASSENGER
TRAFFIC IN THE STUDY AREA IN 1993
; (Unit : Passenger/day)
T Lepong . Testimated| 1/
Tatau Kakus | Anap {Pelagus| ;37 | Kopit | Total Tripends
Bintulu| = a4 148 | 580 266 80 | (1,118) =
Tatau | 506 | 1,340 - - - (1,846) | 2,923
" Kakus - - - 43 593 581
Anap - - 141 1,629 1,604
Pelagus - 1,464 2,044 | 2,132
Lepong 2 1,786 867
Balleh | 12°%0 ’ | 588
Kapit | (32588)| 3.523
Note: 1/ These trip-ends were estimated
based on the trip-ends/1,000
population from Table 9-21,
Table 9-213 ESTIMATED FUTURE PASSENGER TRAFFIC ON THE

PROJECT ROAD - 1993 (WITH STITUATION)

(Unit : Vehicle/day)
. : 1993 - 2000 2010
Road Section _ X -
o : Car Bus Total Car Bus Total Car Bus Total
Ulyu Mukah/ . -
Bintulu Rd. - Sangan 327 73 400 495 110 605 753 168 921
Sangan — Muput 287 64 351 435 97 532 665 148 813
Mupuf -~ Pelagus 130 29 159 199 44 243 315 70 385
Pelagus - Lepong Ballen 181 40 221 277 62 339 430 gq 529
Lepong Balléh - Kapif 275 61 - 336 417 93 510 638 142 780
933



PASSENGER CAR_OWNERSHLP.

9.7
(1)

Table 9-24
L ' LT -Pop’ulﬁtibn/- -
Area | Pp?qua,t,lon_ : Passenhger Car P aSsenger'Ca_P_
TFirst Division 453,000 (1980) 44,054 (1983) 10 -
Fourth Division 199,000 (1980) . 20,014 (1983) 10
Present 7 S o o
Seventh Division = 63,000 (1980) = = 110 (1983) 573 -
Study Area 52,500 (1980)  ** 200 (1983) 263
Future  Study Area 65,500 (1990) ‘_#_1,4'1_}0'('1993) ' 47
Note:  * 35 percent of person trips use passenger cars (three passengers)

** Based upon an estimate by the Study Team.

.Fereeast of Induced Traffic

Definition of induced traffic

Induced traffic can be defined as the traffic newly generated dué to the reduction of
transport costs, even if gencrating potentials ave constant, As is éhowri in Fig. 9-5,

cost reduction from Cqp to Cg results in an mcrease of traffic Ql to Qg Thus Qg -

Q1 represents the induced traffic volume.

Development traffic can be defined in the flgure as the traffic generated due to the
shift in the demand eurve because traffic generating potntials will increase due to
development. Thus Q' - Q1 represents the development traffie volume, :

As the traffic volume forecasted in Seetion 9.6 is the totel pesseﬂger 'tfaf'fie er' Q'

induced traffic can be caleulated by- deductmg Q1 (or normal and diverted trafflc

~ volume) and Q1' - Q1 (= Q7' - Q2 or development traffic from’ Qg')



Fig. 945 Demand Curve for Traffic
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(2) Estimate of induced traffic

9.8

Induced-pa'ssenger'_ trafficr volume by the Projeet Road section, therefore, was
calculated by deducting the sectional passenger traffic volume of diverted and
development traffie from that of the total.

The'traffic has so far been only passenger traffie. Truck traffic has been estimated
assuming a 60 % ra‘uo of bus and car fraffic to total traffic and a 1:5 ratio between
Van/plck-up and medlum truck. Table 9-25 shows the results of the estlmates

Summary of Forecasf Traffie

Table 9-26 summéri.zes forecasted traffic voulume on the Projeet Road sections for

'the years 1993 20{]0 2005 and 2010. Most of the sections have a volume of 400 to

600. However the Muput-Pelagus seetion which is the longest road section at 64
km, has the lowest volume among all the Project Road sections. Fig. 9-6 presents
the forecasted tI’af_flc volume on the Project Road sections in 1993 and 2010,

Table _9__-27 shows t_he-forecasted volume on the Project Road section by traffie type,
and Table 9-28 shows the forecasted volume by vehicle type.
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Fig. 9-6  SUMMARY OF FORECASTED TRAFFIC BY VEHICLE

TYPE ON THE PROJECT ROAD SECTION IN 1993 \
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CHAPTER 10 PROJECT COSTS AND DBENEFITS

101 ﬁénéfits

10 1 1 Elements ‘of Benefit

The beneflts for the road eonstl'uctmn/nnprovement project are e distinguished as

_ the followmg.

@

(i)
i) -

(iv)
{0

(1)

2)

Savings in Vehicle Operatmg Costs

* Time Savings Benefnts o
'Beneftt_s_ from Generated Traffic

Béi_iefits from Aceident Savings
Other Intarigible Benefits as:
. Increased aceesmblhty to the hospital and school

. Increased opportumt;es for agricultural and industrial development
L. Improvement of administrative efficiency, ete.

~ Savings in Vehicle Operating Costs

The savings in veh'icle operating costs are usually evaluated as benefits to normal
traffic. . The benefits generéte from the difference between vehicle operating
cost on the existing road, and operating costs on the road after improvement. On
the, Project Road, normal traffic has not been projected becuuse there are few
'emstmg road sections between Kapit and Lepong Balleh which have just recently
been completed __

However, after the completion of the Project Road, this kind of benefit will be
generatled from the savings between vessel operating costs on the river and
vehicle operating costs on the road, Therefore, the savings in transport operating
costs have been projected for the diverted traffic from river transport into road

~ transport in the Study Area.
. Time Saving Benefits

© Time savmgs benefxts are important for the transport project. The evaluation of

time savings is extremely difficult between the different modes of transport, such

a8 rwer transpout and road transport. In addition, it is difficult to estimate the

txr__ne savings value in money terms. Therefore, the Study ‘Team has not considered

time savings benefits to avoid an uncertain estimation.
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(3)

(5)

10.1.2

Benefits from Generated Traffic
Aside from diverted traffic, some additional traffic may be expected. d_Lie to

agricultural and tourism development in the Project Area. The Study Team
estimated the benefit to this type of traffic as benefit to development trafflc.

Another type of traffic is expected to be newly generated due to a large amount
of transport cost reduction. The Study Team has evaluated this as benefits {o

indueced traffic.

In general, the benefit to generated traffic is e\-r_aluated at half the bénefit to
normal or diverted traffie. In this project, however, the transport cost reduction:
between river and road will be substantial in addltlon to large mduced traffic
volume. The Study Team has therefore evaluated the benefit to induced traffic at
one-fourth rather than one-half the benefit to diverted traffie,

Benefit from Acecident Savings

It is noted thal some river transport routes have dangerous rapids. Therefore,
road eonstruction will reduce accidents.  However, the Study Team has no data
for accident savings at present. Therefore, benefits from acecident savings have

not been considered,
Other Intangible Benefits

As for the other miscellaneous benefits resulting from project implementa-
tion, the Study Team has no means to compute benefits in terms of money. But
these intangible benefits should be considered in making the final decision for or

against projeet implementation.

Pricing |

Shadow pricing for foreign exchange has not been considered because there is

almost no difference between the official foreign exchange rate and the prevailling rate.
Nor should the opportunity cost of labor be considered, due to the general shortage of

labor in Sarawak, including unskilled labor.

Therefore, price adjustments for the economie evaluation are limited to customs

tax, sales tax and other internal taxes which are included in market prices. - '

10—-2



10.1.3 Benefits to Diverted Traffic

Benefits to diverted traffic are expected as savings in transport operating costs
evaluated as. the difference between existing river transport and future road transport
for. t_}ie_"_s'dihe origin and destination of traffic. Tables 10-1 and 10-2 show the average
saviilgs _in transport cost per passenger/ton-kilometer for river and road transport by
reiatin_g_.zo_ne 'pairs to the Project Road. Data on irausport operating costs has been
prepared in Tables 9-9 and 9-12 in Chapter 8. This cost data indicates economic prices in
1984 present value, excluding taxes. Vehiele operating costs on the road have been
adjuste(_i by gradients (see Appendix 8-1, 8-2, 8-3 and 8-4),

The benefit to diverted traffie is computed from the cost saving per
passenger/ton kilometer by multiplying by the diverted traffic volume. Tables 10~2 and
10-3 show the total benefit to diverted traffic both for passengers, and goods (Appendices
8-5 and 8-6 show the benefits to passenger and goods diverted traffie, respectively).

The benefits to diverted traffic are substantial relative to the small traffic
volume, especially in the Tatsu-Anap zone pair. This is because the cost of existing river
transport {s remarkably high due to the long distance and the use of private transport

means, such as the longboat.

10.1.4 Benefits to Development Traffic

Benefit to development traffic have been summarized in Table 10-5. The unit
value of the benefit to tourism passenger traffic between Bintulu (Tatau) and Kapit has
been estimatedrbased on the assumed reduction in transport cost per passenger-kilometer
by river and road 'tr_émsport_. The benefit to tourism passenger traffic was caleulated from

this unit value and the passenger traffic which is shown in Table 9-18.

" The unit value of the benefit to agricultural cargo traffic has been assumed based
on the amount of reduction in transport cost per ton for each zone pair of diverted

traffic, (see Table 10-4)

The benefit to agricultural cargo traffic was estimated from the cargo volume of

agricultural production. (see Table 4-7 and Appendix 8-7 )

The unit benefit of van/pick-up which pertains to agricultrual development was
eonsidered only for .passengers based on the cost savings to diverted traffic. The benefit
was computed by multiplying by passenger traffic volume as shown in Appendix 8-8.

These computations are shown in Table 10-5. Appendix 8-9 gives the benefit to
development Traffic. All the unit values of development traffic were assumed to be half
of the vélues of the reduction cost to diverted traffie.

10— 8



Table 10-1  SAVINGS IN PASSENGER TRANSPORT COSTS
' BETWEEN RIVER AND ROAD TRANSPORT -

Distamce (km) | Tremsport Cost(u$/rass) | yoduction.
Aone Falx N ver V] Road 2 _rRiﬁer- ','  ,R¢éd' o of C§Sts
Tatau-Kakus | 50 22422(River)| . 14.10 | 2. 13(G) ' 6.20 B 5'7i(C)L
| 1.47(P) | 6.3y
—Anap 484(16) _go ' 13,54+§,3o 3688(61* 1. 96(G):
| N lzese ] 1860
KapitQPelagus - 33 40 9,31 | 3.72(6) S 5059(0)
. ;. | - . iZ;GQtP)" - ”6-71(P)T
CLepong |- 25 4 10 | 7.5 10.836 | 6.12(6)
Balleh - ' “lo.ese)y | 6.40(P)

Notes: 1) @ () indicates longboat tranéport only
2) : Including feeder rocad. . :
3) : Transport unit cost (M$/Passenger km)

River
fixpress Launch 0.107 x 50%
Longboat - © 0.456 x 50%

Road
Car - : 0. 187(G) 35? | Bus' : 0.048(G) X 65%
(Tatau) 0.128(P) (Tatau) Q. 034(?)
Car : 0.181(G). < 959 Bus : 0 045 X 65% -
{(Kapit) O. iZ&(P)_ _ _ (Kapit) 0 033

(G) : Gravel Road
(P) : Paved Road
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Table 10-2 SAVINGS IN CARGCO TRANSPORT COSTS

 Zone fairj .DiStéEFe(Km) | Transportation Cost(S8/ton) 2) | Reduction

L River] ' Road River Road . of Costs

Tatau-Kakus = | 30 [22422(River)]  23.45 3.52(G)+10.32 9.61(G)

' 2.64(P) 10.49(P)

~Anap . 64 | 40 30.02 6.40(6) 123.62(6)

' 4,80 (P) -] 25.22(P)

Kapit-Pelagus | 33 40 15,48 6.80(G) 8.68(6)

' 4.56(P) 10.92(P)

<Lepong | 25 10 11.73 1.52(G) 10.21(G)
Balleh

vatle 1.14(P) 10.59(P)

‘Note: 1) Ihcludiﬁg Feeder Roads

2) Unit Cost River Cargo Vessel (50t) 0.079 x 70%
{MS/ton Km) Long Boat (40Hp) .378 x 30%

—

Road 6t Truck Gravel 0.160 (Tatauw) 0.152 (Kepit)

Paves 0.120 (Tatau) 0.114 (Kapit)
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Table 10~3 = BENEFITS TO DIVERTED TRAFFIC (TOTAL)

{Gravel)

. Unit: M$'000/year

Zone Pair

1993

1995

2000

" 2005 5

2010

Tatau-Kakus
~Anap
Kapit-Pelagus

—Lepong
Balleh-

870
5,685
1,447

2,043

1,025

6,667
1,620

2,290

9,078

1,412

2,357

3,354 -

1,953
12,389 -
3,435

4,915

2,462
15,420
© 4,581

6,566

Total

10,045

11,602

16,201

122,692

29,029

(Paved)

Unit: M$'000/year

" Zone Pair

1993

1995

1-2000

2005

2010

Tatau-Kakus
—-Anap
Kapit-Pelagus

—Lepong
Balleh

370
6,088

1,741

2,135

i,142
7,139
1,949

2,394

7,835

3,507

1,574
g

2,176
13,265 - |

© 5,139

2,742

16,5100 |

5,506

6,867

Total

10,934

12,624

17,637

24,709

31,625

10~
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~Table 10-4 © THE UNIT VALUE OF BENEFITS TO DEVELOPMENT TRAFFIC

CUndE 1 M8

FRRYRTIN B ' _ Adjust- | Unit
: §122f2£'7 T ~Unlt Cost ment Value of
RN R ' . | Factor Benefit
Tourism - River Road  Distance
‘Pasgenger . o . T : _
1Traffi§ ' (0.282 - 0,097(6)) x 143 Km =  26.46(G) 1/2 13.23(G)
Arattic. o o : X .
- (0,282 -~ 0.067(2)) ¥ 143 Km = 30.74(p) | 15.37(®)
- Tatau - Kakus 9.61(®) 1 4.8L(6)
: AP DR 10.49(P) _ 5.25(P)
| Agriculture.. RN © = Anap 23‘62(3) 11.81(G)
| Cargo-. _ ' : x 1/2 |
Traffie : 25.22(P) / 12.61(F)
- Pelagus 8.68(C) 4. 34(G)
- 10.92(p) | 5.46(P)
- Balleh. - -
Tatau ~ Kakus 5.77(G) 2.89(G)
Agri¢ulture- | . 6.43(P) 3.22(?)
(Van/Pick=-up)| = L - 18.16(P) 9.08(P) .
: 1 -~ Pelagus 5.59(G) 2.,80(6)
' 5,71(P) 3.36(P)
Notes! :
{1). River

 Express 0,107 x 50%

o : ; 0,282 M$§/Passenger Km
Longboat 0,456 x 50%

Road
Car 0.187(6) x 35% 3 0.09E)
0.128(P) x 35%
Bus 0.048(6) x 65%

).05846) ; 0.067(P)
0,034 () x 65%

(Z):(G): Gravel. Road
o (P): - Paved Road
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Table 10-5  SUMMARY OF BENEFITS TO DEVELOPMENT TRAFFIC -

(Gravel) R  Unit: M$'000/year
Type of Traffic .| 1995 2000 | 2005 | 2010
Tourism Passenger 209 237 303 | . 388
Traffic o }
- S :
Agriculture Products 111 21 _ 235 264
[ . - : .
Van/Pick-up - 49 123 - 139 154
Passenger Iraffic _ )
Total 369 571 677 806
(Paved) : _ Unit: M$'060/year p .
Type of Traffic 1995 2000 2005 | 2010
Tourism Passenger 243 275 o352 - 452
Traffic '
Agriculture Products 129 237 © 265 296
Van/Pick-up 55 142 158 176
Passenger Traffic ' ' ' '
Total 418 654 775 9264 .

10—8



10.1.5 Benefits to Induced Traffic
- After the completion of the Project Road, induced traffie will be generated in all
tr'affie zone pairs within the Study Area. Because almost no means of transport exists in

some of the trafflc zone pairs, it is nearly impossible to estimate transport cost reduction
for these pairs.

Therefore the followmg method has been adopted for est;matmg the benefit to
-indueed trafficr

For passeng'er traffie, average transport distance per trip-end has been estimated |
for each traffic zone from Table 9-23. The amount of transpost cost reduction per trip-

end m both the "with" and the "without" situations in Anap, Pleagus and Lepong Balleh

‘Zzones are calculated from Table 9-22,

The %avmgs in transport cost per kilometer per tmp ~end has been calculated from
the data, as shown in Table 10-6,

Table 10-6 SAVINGS IN TRANSPORT COST PER TRIPEND

_ (M)
_ : Average Transport Average Transport Saving per
Traffic Zone Distance per Cost Reduction Kilometer
) Trip-ends per Trip-end per Trip~end
CAnep 51.47 Km 7.14 8,139
Pelagus © 69,95 Km 6.91 . 0.099
Lepong Balleh 35.91 K 2.19 0.061

The A_nép zone will have the largest savings from the Project Road, where express

launeh services are limited,

Unit benefit to passenger traffic has been estimated based on the value at

" Pelagus, which is close to the average among the three zones.

_ The savmgs by vehicle type were calculated as shown in Table 10-7. Benefit to
induced trafflc was assumed to be a quarter of the savings in transport cost.
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Table 10-7  SAVING BY VEHLCLE TYPE"

)

Unit Saviﬁgs Cost - Average No - ' : U_n_itj‘,\"al'qé;:

for Passengers of Passengers _ of Benefit
Car 0.099 3 x 1/4 = 0.074/Vehicle Km
Bus 0.099 25 x 1/4 = 0.619/Vechicle Km

Due to the lack of available data for the estimat'ign of benefits _.t@.__good_s traffic,
the benefit to induced good's traffic was estimated by dpplying the savings cost used for

diverted tréffic.

The unit value of benef it to indueed traffic is indicated in Table 10-8.

Table 10~8  SAVINGS COSTS BY VEHICLE TYPE

(M$)

L Unit Savings Average Unit Value of
Type of Vehicle Cost M$/ton Loading Volume Benefit/Vehicle Km
Truck 0.469 3t x 1/4 - 0.352
Van/Pick-up 0.099 Lman  x1/4 0025 oo,

0.469 | 0.5t  x1/4 0,058

By multiplyi_hg these unit benefit values by the_.leng‘fh of road section and traffic
volume, the benefit to induced traffic has been obtained for truck and van/pick-up for

each road section as presented in Table 10-9.
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10.1.6 Summary of Benefits for Alternative Road Construction Plans

The estxmatlon of the benefits deseribed hereto have pertamed to the benefits

arising from a one*stage eonstruction plan of asphaltwpaved or gravei road. However, the
alternative plans will result in different benefit values and a different tlmmg for benefit
generation, Table 10-10 shows the benefit stream in each alternative case. These benefit
values have been computed using basically the same method used for the one-stag‘e

construction case,

As for the benefit to induced traffie, it has been assumed -that orﬁy one-third of

the beneflt will be realized in the initial year of the road's completion, and that the
benefit w;ll gradually increase to 100% of the potentxal beneflt within the’ subsequent.

three years.

(1)

(2)

(3)

The differences of estimation under each alterhative plan are as follows:
Cases A-1, A-2 and A-3

The ecstimations of benefits in Cases A-1, A-2, and A-3 are the one stage
construction cases and follow the methods discussed in detail already. The
difference between A-1 and A-2 results from different cost sa\iings on the road

surface structure - asphalt-paved and gravel.

Case A-3 is the same as Case A-2 except for the timing of the construction. In
Case A-3, the Project Road will be open in 1892, while in Case A-2 the Road will
be open to traffic in 1993. ' -

Case B

Under this case, the Project Road plan will follow a two-stage construction, The
road section between Sungai Muput and Pelagus will not comméhee service until
1997, ‘Therefore, only 40% of induced traffic r_eigtin’g -to‘th_'é 'qoyﬁp_let_ed'section
will be generated until 1996. A large part (about 75%) of induced traffic and
tourism development traffic will not come durihg the four years from 1993 to

19986,
Case C

Under this case, the road will be constructéd in three-stages. .Until 1997 , orﬂy the
Tatau-Sungai Muput road section will commence its service. - The generation of
benefits from diverted traffie will not oceur in'thé Kapit- Pelég(xs road section

until 1997. The benefits to induced and development traffic will come to only a

small amount (about 15% of induced and 40% of development) durmg the 4 years '
from 1993 to 1996. The other part of the benefits will be generated on a five year

delay behind case B, and all benefits will oceur in 2001.
10-12 '
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10,2 Summary of Project Cost

_ B Costs of various alternative road construction plans are summarized in economic
value_s_ in. Table 1.0~11.- The costs presented in the table include design, construetion,
mai'nten'ance, administration and compensation costs covering rural roads. The durable
years of '__the road have been assumed as 20 and the residual value has been aceounted for
in the last year of the calculation period for adjusting the difference of cbnstruction
timing. Although the cost figures are actually including taxes, the Study Team used these
figures as economie values because the'p.rbpob{ion of taxes is small.

Table 10-11 SUMMARY OF PROJECT COSTS

(Unit : M$'000)

Year Case A-1 Case A-2 Case B Case C

1 1987 5713 5144 3387 1346
2 1988 12400 11290 5776 2870
3 1989 65231 74654 30241 14610
4 1990 80395 97723 © 36480 16390
5 1991 47969 97723 54669 26308
6 1992 35979 1227 28379 13768
7 1993 833 1227 35442 20852
8 1994 _ 833 1227 37967 25695
9 1995 833 1227 50271 38333
10 1996 833 1227 16881 20829
11 1997 833 1227 , 833 30539
12 1998 4087 1227 2594 33633
13 . 1999 833 1227 532 42573
14 2000 833 1227 532 13913
15 2001 833 1227 532 671
16 2002 833 1227 2026 1775
17 2003 4087 1227 278 482
18 2004 833 1227 2340 1594
19 2005 833 1227 278 1702
20 2006 833 1227 278 278
21 2007 - 833 : 1227 278 278
22 2008 20191 1227 11051 6088
23 2009 278 1227 9418 7035
24 2010 278 1227 278 7624
25 2011 ' 278 1227 278 278
26 2012 -24667 ~11657 . -38625 -73614
“Total _ 313048 299417 292417 255580
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10.3 Economic Evaluation _
In this Item the results of the project evaluation are discussed by Cdst"?/Bénefit
analysis. The results are discussed mainiy.in terms of the Internal Rate of Return (LR.R.)
because LR.R. is an easy parameter to grasp it the evaluation of alternative plans. |
10.3.1 Aiternative Road Comtmet'ioﬁ Plans
In this study, the following alternative road rco.nst.rueti_bﬁ. _ plans ‘have been
formulated. | | - R - o
(1)  Road surface type
Two cases are assumed:
(a) 'asph'alt pavement (b) gra\:rel surf_éced road
(2)  Construection Stage o '. |
Three cases are considered
(a) Fﬁl] construction in one stage
(o) Construction in two st.agés
{¢) Construction in three Stéges _

Details of alternative cases are summarized in Table 10-12.
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Table 10-12 ALT.ERNATIVE CONSTRUCTION PLANS FOR PROJECT ROAD

Initial Type

_Constrructlon Stage of Road Surface

Case

One Stage Whole section Asphalt Paved A-1-
will be open for
traffic in 1993 Gravel A-2

Whole section
will be open in Gravel A~3
1992

~ Two Stage 1st Stage (1993)
- Ulu. Mukah/Bintulu
Road to Sg. Muput
Kapit to Pelagus Asphalt Paved B
2nd Stage (1997)
Sg. Muput to Pelagus

Three Stage - st Stage (1993)
' ' "~ Ulu, Mukah/Bintulu
Road to Sg. Muput

2nd Stage (1997.)

Kapit to Pelgus Asphalt ?aved C
Sg. Muput to R.

Sangkap

3rd Stage (2001)
R. Sangkap to

Pelagus

10.3.2 The Social Discount Rate

The Social discount rate is equal to the opportunity cost of capital. The
opportunity cost of capital is equivalent to the accounting rate of interest. If Malaysia
" borrows foreign money in the international market at a competitive rate of interest, the
marginal cost. of such borrowing is unlikely to exceed 10-12 %. Therfore, the upper limit

of the discount rate will be lower than 10-12,
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The Study Team has adopted a cut-off discount rate of10% adhering to the advice
of the Malaysian Government.

Table 10-13 presents the costs and benefits, discounted at 10% per annum to
arrive at present values. Appendix 8-10 indicates those values at diseount rates of 8% and

12% for reference.

Table 10-13 PRESENT VALUE OF COST/BENEFIT FOR ALTERNATIVE PLANS
{DISCOUNT RATE OF 10%)

(M$ 000)
Alternative - Benefit cost  B/C NPV
Case Diverted  P€Ve%PT  jndiced  Total Ratio = (B-C)
ment :
A-1 94,659 2,717 21,701 119,076 226,880 0.53 -107,803
A-2 86,994 2,377 21,701 111,023 223,331 0.50 -112,308
A-3 92,748 2,377 22,240 117,365 223,331 0.53 -105,996
B 94,659 2,419 16,772 113,921 188,082 0.61 -74,161
C 86,419 2,119 11,993 100,530 144,693 0.70 = -44,183

Note : B/C - Benefit Cost Ratio
NPV~ Net Present Value

Under a discount rate of 10%, all alternative plans are not feasible from an

aconomic standpoint.

10.3.3 Best Estimate

As shown in Table 10-14, the best estimate internal rate of return among. the
alternative project plans between 1987 and 2012 was computed as 5.89% when the road
construction is done in three stages. For this road project, stage construction is
considered to have the advantage because a large amount of benefit is generated at the

initial stage.

The. difference is not large between asphalt-paved and gravel in 'one-st'age
construction. Case A-3 is more economical than Case A-2 because in Case A-3, benefits
will be generated from 1992, one year earlier than Case A-2 benefits. '

In all alternative cases, the internal rates of return are not high enolugh to reach

10% which is the opportunity cost of capital.
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Table 10-14 INTERNAL RATE OF RETURN FOR ALTERNATIVE PLANS

Alt%rgsa:_w e LR.R. (%)

A-l 4.20

- | A-2 3.90
A3 4.15

B 4.95

o 5.89

10.3.4 Sensitivity Analysis

_ A sensitivity analysis was conducted for the two cases of stage construetion, Case
B and Case C,

For Case B, with construction cost fluctuation of +10% and +20%, the rate of
refurn dropped from 4.95 to 4.09 and to 3.33 pereent, respectively. With construction cost
reductions of 10% and 20%, the Internal rate of return increases from 4.95 to 5.93 and
to 7.08. '

On the other hand, with a #30% fluctuation in benefits to induced traffic (the
most uncertain element of benefit), the rate of return changes from 4.51 to 5.37, as shown
in Table 10-15.

Table 10-15 SENSITIVITY ANALYSIS FOR CASE B

{Internal Rate of Return %)

Cost
Benefit -20%  -10% Original +10%  +20%
to Induce ' Cost
Traffic
~30% 6.62 5.48 4.51 3.66 2.91
Normal =~ | 7.08  5.93 4.95 4.09 3.33
+30% | 7.53 6.37 5.37 450  3.73
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’I‘éble'lo—lﬁ réprese'nts éhanges ih't-he rate of retﬁrn with the quctuatiqn of cost

and beneflts to induced traffie.
In both cases, the rate of return changes more sen51t1ve1y w1th the fluctuat:on of

costs than with the f’luctuatlon of beneflts to mduced trafflc.

SENSITIVITY AMALYSIS FOR CASE C -

Table 10-16
(Internal Rate of Return %)
Cost '

- Benefit ™ -20%  -10% Original | +10% = +20%
to Induced : : Cost - - : : e
Traffic . ‘ B T

-30% 7.89 6.59 | ' 5.48 453 a0
Normal 833 7.01 5.89 493 4.08
+30% 8.74  7.41 | 628 | 531 - 446

10.3.5 Prlority of Alternatwe Plans

All of the construction alternatives are 1nfea51b1e if ‘only ]udged ‘from’ the
viewpoint of an economic evaluation. If the Project be 1mp1emented by "Case C“ namely

a three-stage construction plan, this would be the most economical alternative since it

shows much better values for L.R.R, B/C and NPV,
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CHA_PTER 11  CONCLUSIONS AND RECOMMENDATIONS

11 1 Comprehenswe Evaluation

o The followmg shows the results of an economic evaluatlon, taklng into aceount the
benefm with hlgh reliability.

- Internal Rate of Return (IRR) 5.89
o= Beneflt/Co_st Ratio (B/C Discount Rate at 10%):  0.70° :
- Net Present Value (NPV) : -44,163 million M$

B Purely from an economical viewpoint, the above values are too low to justify the
feamblhty of the Tatau—Kaplt Trunk Road. Howev_er, the economie feasibility of the
Trunk Road Project improves by taking the following benefits into consideration, aside

- from the beneflts involved in the econom ie evaiuatlon
a} Contmbutlon to Pelagus Hydro eleetrie Dam Constr uctlon Project

If the Project Road is not realized, SESCO will build a transportation road for
.'_const'ruction _-m_a_terials at its own expense for the dam, which is secheduled to be
completed in 2005.
- Thérefore, the Project Road will save construction costs of the transport road and '
| will also help to fransport construction materials. Since these benefit's involve
1arge 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. (refer to Appendix 9-1) '

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
; -Pm}ect Road will be used as a part of the coal transportation road

The beneflts are excluded in the economie evaluatmn as the development program

is not formulated yet..
¢) - Tourism Promotion

N Mini_m_tim tourism development is involved in the economie evaluation. The Project
" Road will provide ready access to the Seventh Division and thereby contribute to
'tjhe development of tourism along the Project Road much more than expected.

11— 14
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e)

f)

g)

11.2

Contribution to the Deveiopme'llt'of the Lumber Indue't'r"g'r '

The lumber indstry has been developed actwely in the Project Area, partlcularly
upstream from Sangkap along the Sungai Anap However, lumbermg w111 be
restricted to preserve forest resources in about ten years. Neverthele_ss, logg_lng_
will continue at a constant volume. Sapling plantation, ete. using’ éppfépﬁate
means will be devised for preservatlon of the harvested forest. Traffic will use the
Project Road, and therefore, the Progect Road w:ll benefit the Jumber mdustry

Promotion of Employment Opportunities

The construction of the Projeet Road will promote agrieultural de_velepment, coal
mine = development, ete., leading to the promotion of new employmert
opportunities. : ' SR B
Contribution to the Sarawak State Government for the Effmlent Reglonal Admmasﬂ
tration of Isolated Areas ' L

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

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

In addition, during high weter levels, it often becomes difficult to maintein river
traffic. Under the circumstances, the construction of the Second Trunk Road
connecting to the First Trunk Road will assume a good degree of 1mportanee as the

most reliable traffie route.

‘Other Benefits

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

industial development opportimities.

Conclusion and Recommendations
(1) Conelusion

a) The Project Road seems to offer httle in"the way of economic feas;bihty

However, takmg into consmeratlon a number of beneflts dlsregarded in

11 -2



the economic evaludtion, namely, the contribution to the hydroelectric

dam at Pelagus, coal mining, and forestry development, regional adminis-
_tration-'development, ete,, it may be said that the earliest possible
~construction of the Project Road is preferable.

(2) Recommendations

1)

3)

a)

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

'Project Road should be constructed on t.he basis of a three-stage

“construction plan, viz.:

1st Stage: Tatau/Mutput Area in the Fourth Division
. where traffic volufne 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 public traffic.

It took four years to coihplete the feasibility study of the Project Road

" becdause 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 projeet 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 alignment study, caused by the new dam project, taking
intoc account {he. study flow and little information on the dam project.
Therefore, aside from the Formal Final Report, a Study Report is to be

submitted regarding the preliminary alternative alignment resulting from

~ the new dam construction project.

It is strongly recommended that the alternative alignment caused by the

new dam project be studied when the Project Road is realized.
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