11.3.10 Estimate Summary

- 539, A summary of the estimate by project is shown in Table -
11.3-6. For some of the projects, the alternative costs by lane
no. are also prepared prior to the preliminary evaluation. However
Table 11.3-6 shows only the representative costs.

Table 11.3-6 Road Project Cost Summary (1 USS$ = B8 CRS)

- Total Total

Project e e e e

iD  Name _ Financial - Economic Financial Economie
e e : Cost Cost

bist, Foreign Local ' Local - _

(km) (10000S$) (1e00Cr$) (1000Cr8)  (F%).  (MUSS)  (MUSS)
R001 P. Cabral 2. 04 1260, 55 328303 ' 245088 25.3 §. 9% 4. 05
002 1io.de Dez. (§) 22. 34 10934. 16 3357229 2619781 - 22.3 49,08 40. 17
R003 Rod. Belem{6) 16. 54 12764. 82 4530411 3525100 - 19. 7 64,93 52.82
RO04 Val de Cans B/ §.31 ‘1854.62 §54718 42271% 22.% §.22 6. 65
RO0O5 Alm. Barroso 6.1 1342. 73 266492 186962 30.7 {37 3. 47
RGO6 DBR-316({6} 8.3% 5187. 1% 1331459 1001225 25,5 20. 32 16, 57
R0O07 PA-150 25. 566 T110. 76 2481443 1911065 21.5% 35. 91 29. 43
ROO8 P. Miranda 5 29 2483. 11 832559 - 663806 20.8 1t.94 ~10. 03
R009 Rod. Aura 14. 63 5111.73 1456528 1091020 23.6 21. 66 17. 51
RG10 Rod. ind. 13.39 4029, 76 1212952 915517 22.6 17. 81 14. 43
RO11 Satelite 4.63 1397, 21 '423836 Jzod21 22,5 6. 21 5. 04
R012 icoaraci B/P 5. 96 2096, 36 599198 -~ . 4440256 23.5% 8.91 7.-14
RO13 Cidade Nova 5.8 1730. 68 498200 371455 .23. 4 1. 39 5.95
ROi4 40 Horas 3.6 1076. 1% 306047 - 227366 23.6 4,55 3. 66
ROI5 Alc. Caceia ] 0 ¢ -0 0 0 0
RO16 9 de Janeiro 3.8% 1630, 92 485224 303422 22.8 7. 14 5.76
ROIT B. Sarac 1.22 6270, 66 2625658 2026526 17.4 36.11 29.3
R0O18 Inner Ring 1.92 980. 59 163442 120472 23.8 2. 44 1. 8%
R619 Humaita 1.68 506. 8% 231363 193850 15,2 314 2.1
RO20 Loma ' 1. 68 506. 85 198627 161112 18.3 2.6 2.34
R021 Rio Una 4. 21 3191.06 1399091 1082342 16.1 19.09 15. 49
R022 14 de Marco 2. 825,63 278838 211124 2007 3.99 3.3
Total 165. 41 T2493.04 23028617 18110995 21,3 340.%8 278. 3

540. The foreign currency portion shows rather low percent-

ages between 16.7% in the case of Una River Road (R21) and 25.5%
in the case of BR-316 (R06) reflecting Brazilian industrial situa-
tion.
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11.4 Road Masterplan Alternatives

541. The following six masterplan cases using the combina-
tion of three radial roads; i.e. Av. lo de Dezembro Extension,
Rodvia Belem and Av. Pedro Miranda Extension, and lane numbers are
examined to select the most optimal network and to check the
future demand / supply balance at the most serious section of the
institutional belt. In all the alternatives, the other projects

are included under the same condition.

Case "A'" the plan with only Av.lo de Dezembro Extension (6 lanes)

Case "B" the plan with only Av.lo de Dezembro Extension (8 lanes)

Case "C" the plan with Av.lo de Dezembro (6 lanes) and Rodvia
Belem (4 lanes)

Case "D" the plan with Av.lo de Dezembro Extension {4 lanes) and
Rodvia Belem {6 lanes)

Case “E" the plan with Av.lo de Dezembro Extension {4 lanes) and
Rodvia Belem (4 lanes)

Case "F" the plan with Av.lo de Dezembro Extension (4 lanes),
Rodvia Belem (4 lanes) and Av. Pedro Miranda Extension

(4 lanes)

542. The assignment results of 20i0 year demand on the var-
ious cases and alternative road networks are shown in Figure
11.4-1 through 11.4-6. In Cases A and B, where only Av. lo de
Dezembro Extension is implemented, the traffic concentrates to
Entroncamento, while in cases C through E, the traffic is diverted
to Rodvia Belem. In case F, the main flow turns to Rodvia Belem -
Av. Pedro Miranda Extension.

543. The scattered graph by B/C and the net benefit calculat-
ed following the process described in 11.5 is shown in Figure
11.4-9. All the cases show almost the same B/C, while the net
benefit varies between 75 - 88 million Uss. The highest net bene-
£it occurs in the case F, where Av. Pedro Miranda will be extended
across the runway for light planes. Therefore case F was gselected
as the most optimal network, however if the situation does not
allow to construct a road across the runway, case D, where Av. lo
de Dezembro has four lanes and Rodvia Belem has six lanes, will be

the second best.
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11.5 Pr‘ior’ity Ranking and Road Project

11.5.1 Procedure of Priority Ranking

544. The priority of projects should be studied taking into
" consideration the following elements;
a. Effect on decreasing traffic congestion in entire road
" network
b.  Cost performance of projects from the economic stand-
' points,
c. Convenience for road users,
da. Financial influence for the executing agency,
e. Influence to communities,
£. . Project consensus,
g. Compatibility with policy, and
h. Ease of implementation
545, some of these elements can be quantified while others

are difficult. Therefore the Study focused mainly on the cost
performance and benefit scale of projects. A project is considered
to have high priority when it has good benefit scale and cost
performance; otherwise, the project should be studied in further
detail taking the other elements into consideration. A detailed
explanation of benefit and cost is given below.

11.5.2 Factor for Calculation
{1) Annual Benefit of Project
546. - The benefit of road projects is defined as the vehicle

operating cost {(VvoC) saving in terms of economic price. The VOC
saving could be calculated as either;

a. the difference between the total VOC in the Do Nothing
Case and of that in the case where a project is execut-
ed, or : '

b. the difference between the total VOC in the case where a

project in the Masterplan network will not be executed
and the total VOC in the Masterplan network.

547, The VOC saved is expressed as the total VOC decrease in
case A above and the total VOC increase in the case B. The Study
"aims to measure the influence of a project on the Masterplan
network, therefore the latter method is adopted to calculate the

benefit.



548, To compare the benefits of the projects, the benefits of
each project in one year, the year 2010 are calculated s0 as to
eliminate the influence by the variance of the implementation

schedulea.
(2) Project Cost

549, The construction cost of a project should be expressed
on an annual base in calculating B/C of a project in the year
2010, For this purpose, the formula to make annual repayment of
principal and interest at one rate for 25 years. An annual inter-
est rate of 12% is applied. The annual repayment rate is calculat-
ed at 0.1275 times the principal. Residual values of the road at
the 25th year are neglected. '

(3) Cost Benefit Ratio (B/C)

550. The cost benefit ratio is selected to represent the cost
performance of a project. The benefit in the year 2010 and the
cost in the same year calculated following the procedure given
above is applied to obtain the B/C ratio. The economic cost of the
project is applied for the calculation.

11.5.3 Project Priority

551. Figure 11.5-1 shows the scattered graph of road
projects by B/C and the net benefit. The project which has the
highest net benefit is Av. Pedro Miranda Extension (R08). It also
has a high B/C. However the cost to relocate the light airplane
airport is not included in this project cost, and the cost of
relocation will be much more than the cost of the road construc-
tion itself, therefore the result wlll change if it is included.

of, i 1,14

B/C

-
veef

b~c€mus$)
Figure 11.5-1 Project Grouping by B/C and B-C
{Unit: thousand)
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552. . PA-150 (R0O7) and Rodvia Industrial (R10) have high net
benefits following Av. Pedro Miranda Extension. B8Since in the
masterplan road network, there is no alternative route for PA-150
or Rodvia Industrial, VOC in the network without each of these two
routes increased significantly. Av, Alcindo Cacella (R15) shows
alao a high net benefit because of the lower project cost. However
this project can be implemented only after Av. 0 de Janeiro 1is
completed, therefore the priority of Av,. Alcindo Cacella can not
be determined solely from this Figure.

583. Av. lo de Dezembro Extension (R02) and Rodvia do Belem
(RO3) show high net benefit and B/C slightly over 1.0. The results
mean that the absence of either of two routes would cause the
serious increase of VOC in the masterplan network, despite the
fact that these two roads are mutually competitive routes. It i1s
noted that the masterplan network alternatives show larger net
benefit and higher B/C, if Av. Pedro Miranda Extension is imple-
mented in addition to these two projects.

554, In Av. Almirante Barroso improvement (R05), the cost
includes the works necessary to convert the central four lanes out
of a total of eight lanes to exclusive bus lane. VOC saving can
not be expected from this project.

555. Considering the above situations, the projects can be
aggregated inte the following four groups.
a. the first group consists of the project with high net

benefit and B/C. Only Av. Pedro Miranda Extension (R08})
is included in this group.

b. - The second group consists of the projects with medium
net benefit and B/C beyond 1.0. Av. 1o de Dezembro
Extension (R02), Rodvia do Belem (R0O3), PA-150 (RQ7),
Rodvia Industrial (R10), and Tv. 9 de Janeiro (R1l6) are
included in this group. .

c. The third group consists. of projects with less net
benefit, and the projects with less costs. Av. Pedro
Cabral (R01), Local Arteries in Satelite (R11l), Estrada

- 40 Horas (R14) are included in this group.

d. The fourth group consists of the projects with negative
net benefit, and the projects with comparatively high
costs aiming to improve living: environment rather than
o save VOC. Una River Road (R21) and Av. Bernardo Sayao
(R17) are included in this group.

556. Generally the urban road network improvement project
aims to decrease the vehicle*hour, while the vehicle*Kms tends to
increase by detour of the routes. The projects which show less
vehicle*Km (the network without the project has advantage from the
view point of Vehicle*Km) than that in the masterplan network are



two projects of Av. Bernardo Sayao and Tv. 9 de Janeiro. In the
case 0f Tv. 9 de Janeiro, the one-way system both on Tv. 9 de
Janeiro and Av. Alcindo cacella, where two-way system is- operated
at present, will be introduced after the improvement of Tv. 9 de
Janeiro. Therefore no implementation of the project will decrease
vehicle*Km. - :

§57. - However the benefit by the improvement of vehicle*hr. is
much higher than the negative benefit by the decrease of
vehicle*Km, and the cost is covered by the difference in benefits.
While in the case of Av. Bernardo Sayao, where the most part of
the project cost consists of the improvement of the canal along
the road, the cost can not be covered by the benefit incurred from
improvement of vehicle*hr., and therefore the net benefit shows a
nagative value,

11.5.4 Comprehensive Priority Ranking of the Projects

558, . To calculate the priority ranking of the projects,
the following elements are considered in addition to the grouping
by the net benefit and B/C.

a. Consensus _

" The projects which have consensus : 1

The projects whlch were proposed for the first time

in the Study : 3

The projects in the intermediate stage : 2
b. Social influence

The projects without social influence : 1

The projects with serious social influence : 3

The projects with intermediate social influence : 2
C. The projects stage

The projects in the implementation stage : 1

The projects with no action : 3

The projects in the intermediate stage : 2

559. The comprehensive project priority is established by
classifying the sum of the total points of evaluation elements
into four ranks as shown in Table 11.5-1. The accumulation of the
financlal costs of the projects by rank is shown in Figure 11.5-2.
The financial cost to implement the projects in the priority
ranking one and two is estimated at 156 million USS, 246 and 341
million US$ present total costs when priority ranking 3 and prior-
ity ranking 4 respectively are considered.
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Table 11.5-1 Comprehensive Project Priority Ranking

CTS [S]TTH

PROJECT TOTAL olo|T]|0]aA
e lriglialr N
DIST  FINANCIAL ECONOMIC SII[{G|A]K

1D NAME : ATE|L

: %? (ISS) mﬁ% L
TOTAL 1530 U e
ROO1 P CABRAL 28 480 - 405 3 1 1 1 W 1
R002 1 DE 12(6) 23 4008 407 2 1 3 2 40 2
RID3  ROD BELEW(6) 16,54 6483 - 528 2 3 3 § 55 4
BI04 W/ BA 631 82 666 2 1 2 2z 3% 2
RDO5  ALM. BARROSO SE10 4 341 41 1 31 45 3
K006 BR3E(S) 83% 03 185 2 1 2 2 % 2
RI07  PA-130 ] 255 3591 2943 2 1 2 1 W/ 1
RU0B P, MIRANDA 528 1.9 1003 1 3 3 3 50 3
ROGY  ROD AURA 14.63 2466 1251 4 3 2 3 60 4
ROL0 * ROD KD, 1.3 1781 1443 2 2 1 0t 3 1
ROLL  SATELITE 483 . B2 504 3 2 1 2 40 2
mi2 IC0BAR - .95 . 8.8 214 4 3 2 2 55 ¢4
RO13 . ACC.C. KOVA 5,80 7.3 505 4 2 .1 2 4 3
RO14  40HORAS 368 455 166 3 3 1 z & 3
RO15 A CAGELLA 8. 00 0.0 000 2 1 1 1 B 1
ROIE S DE 1 3.86 7.14 576 2 1 3 1 3% 2
RO1? A SAYAO 222 I WM 4 2 2 % 5 3
R0I8 L RIKG 1.92 2.44 195 3 3 2 2 58 3
K019 HUMAITA 168 M 271 3 2 1 1 ¥ 2
R020 L68 2.7 23 3 2z 1 1 3B 2
R021  RID UNA 427 1909 1549 4 1 2 2 45 3
R022__14 PE 3 274 3.99 330 3 2 2 2 45 3
560. The projects with high priority are such arterles in the

sub~urban development area as PA-150 (R07) and Rodvia Industrial
(R10). The projects with less priority are such arteries and local
arteries also in the suburban development area as Rodvia do Belem
(RO3), Rodvia Aura (R09) and Icoaracl Bypass (R12), however espe-
cially in the case of Rodvia do Belem, the comprehensive priority
is decreased by the aspects of land acquisition and project imple-
mentation, not by the aspect of demand / supply balance. Therefore
the project remains as one of the most important projects from
the aspects of demand or its magnitude of influence to the BMR
urban structure. While in the case of Rodvia Aura and Icoaraci
Bypass, they should be implemented in association with the devel-
opment of adjacent area, and only ROW should be currently reserved
for future implementation.

MUSS

340.96

1 2 3
PRICRITY RANK

e

Figure 11.5-2 Financial Cost of Road Project by Priority Ranks



11.6 Implementation Schedule of Road ‘Proje'cts

11.6.1 Road Network in the year 2000

861. Figure 11. 6 1 shows the average congestion rates (V/C)
of each case. The average congestion rate in 1990.is 0.39 and it
will increase up to 0.88 in the year 2010 under the "Do Nothing"
case, If the projects in the priority ranking 1 and 2 are imple-
mented by the year 2000 and all the projects by the year 2010, the
average congestion rate will increase gently up to 0.53 in the
year 2010, and almost the same rate as that in the present can be
maintained. If the projects in the priority ranking 3 or 3 and 4
are implemented by the year 2000, the average congestion rate will
decrease below the rate at present indicating ovaer investment
judging from the traffic situation at present (refer to Figures
11.6-4 and 11.6-5).

v/c
0.0

0.6
0.8-4"
0. T~
0.6+
0.5+
0.4
0.3+
0.2+
Ol

0 T T . 1
1990 2000 _ 2010

0.688

Figure 11.6-~1 Average Congestion Rates by Priority Rank and Year

11.6.2 Implementation Schedule

562, Figure 11.6-2 shows the road project implementation
schedule established taking the road network in the year 2000 into
consideration. The annual investment amounts and accumulative
curve in terms of present financial cost are given in Figure
11.6-3,
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11.7 Influence on Road Network Plan by Alternatives

11.7.1 Influences on Road Network Plan in case of Car Ownership
' Alternative o :
563. In case of car ownership increase by 1.5 times than the

estimation, the congestion of road traffic on major roads in-
crease. The rates of congestion of BR-316/Av. Almirante Barroso,
Av. lo de Dezembro and Rd. Belem become over 1.0 and those of Rd.
Augusto Montenegro and Trans Coqueiro over 1.5 (refer to Figure
11.7-1).

564. It should be considered that the wider road widths of
road network, especially of Av. lo de Dezembro, Rd. Augusto Mon-
tenegro, Val de Cans Bypass and Trans Coqueiro road, are planned.
DUTEIRD
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Figure 11.7-1 Traffic Agsignment Result
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11.,7.2 Influence on Road Network Plan in case of Land Use .

Alternative
565. ~ Not so apparent influence on road network is obtained by
land use chenge. On some road sections in suburban area, traffic
volumes increase by little amount, but it is considered to be no
effect on road network planning (refer to Figure 11.7-2(A) and
(B8)). : - '

10
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I 1 "

{Base Case)

Figure 11.7-2(A} Traffic Assignment Result



OUTE RO

1COARACGT W__jﬁ
Q§:—-\t:

<L
o
=<
rl
-
jum ]
o
(=)
(=]
~r
—_
<T
1]

10
HOSQUEIRO

'\/\\\>
CURUCAHBA
_—-"’

BR-316

70000Yshicles

{Land Use Alternative)

Figure 11.7-2(B) Traffic Assignment Result

—295—






12, Public Transport Plan

12.2 Requirement of the Public Transport Service............oviiiiviiiiiinnn. 300

R R PN NN rasvuas

IR

12.1 Demand Structure..

12.3 SEPALEEY .oovnnieeiiii e ee et eeerrenresrsre e eressseesssseansnsssrnssassrssssnnneeesaanss 302
12,4 BUS PN ..ol ert et e e e s e s eansas s e tieannneneneees 304
12.5 Minibus anmd Fami Plam .. it ittt tresieee ettt ittneaeaneaens. 335

12,0 ProJeets .o sttt ae e e e r e e arens bt aasanrens 339

Bus Stop for Feclusive Bus Lane W







12.1 Demand Structure
(1) Increase of Demand

566. - Traffic assignment onto a spider network is shown on
Figure 12.1-1. On the figure, traffic 1ln 1990 is shown with two
lines inside of an assignment rectangle and traffic in 2010 with
two lines outside of the box. Conseguently, black painted areas
"show an increase from 1990 until 2010.

567. The figure shows several remarkable changes. The first
one is movement of a.center of the city from Centro to Sao Braz -
Can. It follows as a logical consequence of development of the
BMR. The north - eastward spread of the city center along Av.
Almirante Barroso started and might continue.

568. ' The'sécond:remarkablé change is concentration of traffic
onto the trunk axis. Pattern of traffic flow has no change but
volume of increase is significant at originally high demand sec-

tions.

569. The largest volume of traffic is seen between Souza
{zone 26) and Entroncamento (zone 27), and between Entroncamento
{zone27) and Marco Norte (zone 20). These are nearly 940,000
movement of persons.

Figure 12.1-1 Traffic Assignment on Spidexr Network
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(2) Traffic Demand and Supply Balance

570. Demand assignment on the existing network in 1990, 2000
and 2010 are shown on Figure 12.1-2 a,b,c. Traffic at A section
and at B section during twenty years (1980-2010) 1ncrease 2,1
.times (A section) and 2.5 times (B saction) ,

5?1. v Rate of passenger volume on crowded direction at peak
hour to daily volume is 0. 114. Assume that peak available passen-’
ger places are 40,000 (see p. VII-23, Proceedings of CODATU V),
traffic at A and at B sections after the year 2000 exceed ceiling

(refer to Table 12.1-1 and Figure 12 1-2 a,b,c).

Table 12.1-1 Demand- Supply Balance (unit. 1000)

e i i e e R A b A D e e T e R L S R L AR A A A s e G G W T S S WU S T S M AN MR MR TR e e S B e

Demand Section _ Year _ Supply
1990 2000 2010 (Ceiling)
24 Hrse A 354 542 746 40
E B 376 679 931 40
Peak Hr A 40 62 85 40
B 43 77 106 40

g A 4 W N A T S M AU Ak e N W VR P EE W R MM A R At R et e Ao MR M e M G A SR TED N W M G e e et e et W e e
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12.2 Requirement of the Public Transport Service
(1) Increase of Transport Capacity

572. Shortage of transport capacity is foreseen in future.
Increase of transport capacity'along trunk axis is necessary. Due
to the public financial limitation, installment of railway system
in the masterplan period might be out of economic range (see
gsection 12.4.3). Some innovation is reguired to the conventional
bus transport system.

(2) Maintenance of Reasonable Profit for Supplier

573. Only private companies are bus service suppliers in BMR
at present and will be in future. To maintain their interest in
investment in public transport businesses is highly important.
From that point of view maintenance of reasonable profit for them
is also of great concern.

(3) Maintenance of Punctuality

574. - Punctual operation is fairly well maintained by exilsting
bus transit at present. To maintain existing level of punctuality
and cope with increase of road traffic in future is not easy but
ig strongly urged.

(4) Improvement of Service_in Trangport Poor Areas

575. Small demand areas are suffering low level of service.
Improvement of service in transport poor areas is a social re-
guirement even if all of transport services are carried out by
private entities.

(5) Provision for Diversified Demand

576. The gap of guality of transport between private car and
buses is wide. High guality public transport is needed now and
will be increasing. Proposals to provide new transit modes to fit
these requirements might cause substantial concern.

{(6) Bconomy of Additional Cost
577. Financial condition of Brazilian Government are such
that it can only afford to expend her tight budget for projects

under the imperative necessity. Cost economy applied to all of
projects is strongly recommended.
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(7) Maximum Use of Existing Facilities

578. Much investment has been spent on the urban transport
facilities in BMR. Applyving restraint on additional costs, sug-
gests that emphasis should be put on the maximum utilization of
the existing public transport facilities.
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12.3 Strategy
(1) Improvement with Each Fcrward Step

5?9. ' Public transpart system at present is becoming out of
date in response to change of reguirement of public transport
users. Immediate start of modernization is urgently needed in
spite of shortage of investment resources. The only possible way
to respond to the situation is to adopt each possible step to-
wards modernization. :

- (2) Maintenance of Existing Public Transport Framework

580. Main public transport mode is bus, which transports 1.24
million passengers. The increase passengers relying on public
transport is expected to be 1.7 times, 2.11 million, in the year
2010. This figure is not small for bus system, but "economy of
additional cost" concept that requires bus network overcomes
difficulties caused by the transportation of large volume of

passengers,
(3) Inducement of Private Investment to Public Transport Field

581. Some additional investments to enhance bus transport
capability are inevitable. In the case that public money sources
is lacking, inducement policy of private investment money becomes
important.

{(4) Inducement of Trunk Line Concept

582, In the future, the most serious public and quantifiable
transport problem is congestion on trunk axis composed of Av
Almirante Barroso, and BR-316. Exclusive trunk lane achieves
efficiency of bus transport. Possibility of its inducement should
be examined.

({5) Inducement of Better Service in Quality

583, There ig big difference in quality of private car trip
and bus trip. Middle income class people require better quality
public transit., In addition this middle income class is growing in
number. Introductlion of better quality mode is one of the most
reasonable way to meet this demand.
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(6) Establishment of New Public Transport Administration

584. It is not easy task to talk to private bus suppliers
operating at present about inducement of trunk line concept. One
promising proposal to achieve it is to prevent private operators
from the collection of tariffs and to assure the operators of
payments of operating costs with appropriate profit. Establishment
of new public transport administration is recommended to handle
these works. This new organization is expected to grow to have
power to change bus network.
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12.4 Bus Plan .

12.4.1 .Alterhative Networks

585. Trunk/feeder integration system is well known in Brazil
and some cities have partially introduced it. Exclusive bus lanes
are also seen in Brazil and are performing efficiently. Basic
concept of alternative creation is trunk/feeder integration sys-
tem, : ' -

586. Five fundamental alternatives are proposed, which are
present network (alternative no. 1 as "do-nothing case"), current
operating system with future road network (alternative no.2),
trunk/feeder integration network corresponding to the present road
network (alternative no.3), trunk/feeder integration network
corresponding to the masterplan network (alternative no. 4) and
rail/bus integrated network (Alternative no. 5)..

587. The trunk/feeder integrations happen at the integration
points. Physical and tariff integration are assumed in all aliter-
natives.

(1) Alternative No. 1

588. ‘This alternative represents the actual network, which
serves as basils of comparison for evaluation of other alterna-
tives. (refer to Figure 12,4-1)

(2) Alternative No. 2

589. Alternative 2 also follows conventional bus operation
system. Changes from Alternative no.l are applied mainly in order
to fit it to the future masterplan road network. More specifical-
ly, some suburban routes are changed from on existing roads to on
the proposed road. Almost all routes reach central area, same as
Alternative no. 1 {refer to Figure 12-4-2).

(3) Alternative No. 3

590. Alternative no. 3 has six trunk routes, two main ones
and four secondary ones,

Main Trunk Routes
- BR~316 road, Av. Almirante Barroso, Av. Magalhaes Bara-
ta, Av. Nazare, Centro, Av. Gentil Bittencout,
- Av. Augusto Montenegro road, Av.Pedro Alvares Cabral,

antro.
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These two routes run through roads consolidated at present as
transport corridors.

Secondary Trunk Routes
- Arthur Bernardes road until it meet with Av. Pedro

Alvares Cabral.

- Cidade Nova Residential Area, 40 Hrs road, Coqueiro
road, BR-316 road until it reaches Entroncamento.

- UFPA, Tv. Padre Eutiquio, Centro, Tv. Apinages.

- Av. Pedro Miranda, Av. Antonio Barreto, Av. Visconde de
Souza Franco and Centro.

The secondary trunk routes are chosen from these roads in need of
- rationalization of the whole trunk/feeder system in BMR.

591. The short extension of the 42 feeder routes allows the
maintenance of high frequency of services with a relatively small
fieet of buses. A feeder route is assigned to serve the demand of
a small area. (refer to Figure 12.4-~3)

(4) Alternative No. 4

592, This alternative is prepared for the masterplan network
in the year 2010, Three trunk routes out of six prepared for an
alternative no. 3 are adopted without modification. The other
three, however, were given some changes to serve other areas as
follows;

- A trunk route which runs on Av. Pedro Miranda was ex-
tended until Icoaraci, passing over Marambaia, Bengui
and Tapana.

- A Guama trunk route runs on Avs. Perimetral, Dr. Frei-
tas, Senador Lemos and reaches Telegrafo integrated
transfer terminal.

- A Cidade Nova trunk route 1s extended to the center of
Ananindeua via Maguari Road.

593, In addition to those six, two new trunk routes are
created, of which one connects Ananindeua and lcoaraci and another
connects Cidade Nova and Telegrafo integrated transfer terminal.
Consequently, eight trunk routes are lined up.

594, "Modification of feeder system corresponding to the
newly proposed roads, such as Av. lo de Dezembro, roads in Icui-
Guajara and Benguil area, and Tvs. Alcindo Cacela/ 9 de Janeiro,
are congidered (refer to Figure 12.4-4)
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(5) Alternative no. 5

595. This alternative is prepared for comparative use. The
significant difference from other alternatives is the introduction
of a rail system. A rall serves from Ananindeua till Sao Braxz
through BR-316/Av. Almirante Barroso. Trunk bus routes through
these rcocads are replaced by rail.

596. Some feeder routes parallel to the raill are prepared for
local service (refer Figure 12.4-5).

12.4.2 Comparative Analysis of Alternatives in Specific Areas

{1) Icoaraci

597. This area is served at present by four conventional
routes, of which 3 have destination at Centro and one at Sao Braz.
These routes, due to their long route. length combined with small
demand along the routes, provide poor service to the users. The
same characteristics are observed in Alternative no. 2

598. " Alternatives no. 3, 4 and 5 provide two trunk routes
{ through Arthur Bernardes Road and through Augusto Montenegro
Road) departing from the same terminal, In addition one feeder
route serves the outskirts of Icoaraci district connecting with
the trunk routes. These alternatives offer better frequency (refer
Figure 12.4-6). '

(2) Cidade Nova

599, This area is served, at present, by 6 conventional
routes, of which five have destination at Centrc and one at Sao
Braz. Although this area enjoys better service than Icoaraci,
frequency and punctuality of services are not sufficient. Alterna-
tives no. 3 and 4 try to solve these problems with the adoption of
trunk/feeder system. '

600, Alternative no., 2 proposes the creation of a convention-
al route to replace the existing Guajara Centro route, and passes
Belem Road as proposed in the masterplan network.

201. Alternative no. 5 has no trunk lines {refer Figure
12.4-7).

(3) Guama/Jurunas

602. Jurvnas is located close to Centro. Due to its proximi-
ty to Centro, routes starting from Jurunas pass over t¢ another
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residential area after reaching at Centro in order to collect more
passengers. Guama is located at the ‘outside of the axis of the
maln corridor, however, it has significant attraction because of
existence of UFPA Campus.

603. present network has overlap of routes in some sec-
tions. Overlap of routes still remains in an Alternative no. 2.

604. B Alternatives no. 3, 4 and 5 propose a trunk route, which
serves Cruzando, Guama, Condor, Batista Campos and Jurunas, and
reaches to Centro. Feeder routes which serve the rest of the
area are connected with this trunk route. Overlap of routes,
therefore, does not exist in Alternatives no. 3, 4 and 5 networks
{(refer to Figure 12.4-8). '

{4) Pedreira/Sacramenta/Te1egrafolUmarizal

605. Thegse areas are remarkable for rapid increase of popula-
tion but are not well served by public transport. The main reason
is that the area surrounded by Av. Senador Lemos, Av. Pedro Miran-
da and Tv. Mauriti has no efficient road network.

606. In Alternative no. 2 Belem Road allows easy access to
Sacramenta areas. : :

607. Alternatives no. 3,4 and 5 suggest three trunk routes
along Av. Pedro Miranda, along Avs. Senador Lemos/Pedro Alvares
Cabral and along Arthur Bernardes Road, which connect these areas
with Marambaia and Bengui (refer to Figure 12.4-9}.

{5) Centré

608. About 90% of the bus routes at present reach Centro
through Av. Magalhaes Barata, Av. Nazare and Av. Conselheiro
Furtado. This concentration causes excess of supply with serious
problems of traffic congestion and low efficiency of the system.

609. In Alternative no. 2, although a new route through Belem
Road is added, the situation remains the same.

610. Other alternatives (no. 3, 4 and 5) try fundamental
alteration of this situation. They provide four trunk routes and
ona feeder route to have access to Centro. Transfer points between
these routes are located on Av., Presidente Vargas, and on Tv.
Padre Eutiquio /Tv. Joaoc Diogo {refer to Figure 12.4-10).
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12.4.3 Measures of Blternafive'rriority

611, Service level of alternatives {(the minimum frequency of
gservice and the maximum congestion rate in a bus) are determined
to be the same for all alternatives. Conseguently, the priority of

" alternatives could be studied based on the following measures;

612, To make it easy to compare results of each alternative
the ratings are measured by the results of alternative no. 1.

{1) Transport Efficiency

613. - Number of passengers divided by total of running kilo-
meters of buses represents transport efficiency.

(Z)VNetwork Efficiency

614. Number of passengers divided by total length of network
shows network efficlency.

{3) Managerial Index

615. Managerial index is defined as amounts of sales divided
by amounts of costs. Integrated tariff system is assumed and
amount of sales i1s identical in all alternatives. Consequently
managerial index is given as product of passenger number (OD table
base) and discounted tariff (see chapter 7 in detail) over total
cost.

(4) Punctuality

616. Punctuality is difficult to measure with considerable
accuracy because it depends on traffic situation. Assuming all
alternatives are under the same condition of traffic congestion,
total route length might represent rate of punctuality. Rate of
total route length of each alternative to that of alternative no.
1 is adopted as punctuality measure.

(5) Transfer Times
617, Actual transfer times are counted and summed up. Also
quotients of number of passengers in each alternative to an alter-

native no. 1 are shown as relative index to represent transfer
times
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12.4.4 Comparison of Alternatives
(1) Cases
618. Cases of simulation are as follows;

For the vear 1990 ........ Alternative
Alternative

W =

For the year 2000 ........ Alternative
Alternative
For the year 2010 ........ Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative

with Belem Road

NDdWwwwwrFE W+

(2) Assumptions

619. Following assumptions are applied to each alternative.

1) Capacity of Bus

620. - wgtudy of Bus Priority Systems in Less Developed Coun-
tries" by J.Cracknell, P. Cornwell and G. Gardner (CODATU VII-13)
reported nominal capacity of buses (defined as "taken to be heavy,
but acceptable, bus loading) corresponds to all seats occupled
plus standers at a density of 6-9 pagsengers/sqg. meter.

621. The prime density used in this study is 9 passengers/sqg.
meter with some allowance for long haul.

2)  Commercial Speed

622, Four measures of commercial speed are determined:
Central Area.......... 15 km/hr
Transitional Area..... 21 km/hr
Suburban ATea....v+9+ 23 km/hr
Trunk Line....s.cs....20 km/hr

The first three correspond to road network simulation results and
the last to the field survey on 9 de Julho busway in Sao Paulo and

" Farrapos in Porto Alegre.
3)  Busway Capacity

623. A passenger needs 1.5 seconds for getting on-or off. It
is independent from type of buses. A bus needs around 30 seconds
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‘at a crowded bus stop. It is also independent from type of buses.
Thegse observations were obtained at Ver-o-Peso, the point where
the most concentrated demand was observed, on 9 and 10 Oct. 1990.

624, Busway capacity is primarily limited by physical design
cf a bus stop. Assume two buses are acceptable at one booth in one
minute and four beoths are provided at one bus. stop, and in addi-
tion busway permits bus overtaking at bus stops, 480 (2 x 60 x 4)
buses per lane per hour becomes the busway capacity (Plan of bus
stop at exclusive busway has six booth. One booth per each busbay

is for reserve.).

625, Capacity of a busway with two lanes is considered the
same as for local service but an additional center lane can pro-
vide for express service. This additional lane capacity is also
limited by capaclity of bus stops for express service use but may
be a little bit smaller than the principal lane has, because of
some interference by overtaking. Here, seventy percent of the
principal lane is assumed as the maximum capacity of an additional
lane, which means around 800 (480 x 1.7) buses are permitted when
ideal local-express mix is achieved.

4) Local-Express Mix along BR-316 and Av. Almirante Barroso

626. Consider express service from Ananindeua to Vel-o-Peso
with stop at Entroncamento, Sao Braz and two stops in the Central
area as typical case. :

627. Zones connected with Ananindeua Terminal through feeder
bus services are Cidade Nova{zone 52), C. N. Guajara(zone 53),
Curucamba(zone 63), AZPA(zone 71), Ter. de Carga(zone 74), Ananin-
deua{zone 75), S. Palmeira(zone 76) and Ind. Ananindeua{zone 77).
Trips generated from these zones are 88705 in 1990. Of these, 5244
trips have destination at an Entroncamento transfer terminal
,which represents Souza(zone 26), Entroncamento {zone 27), Maramb-
ala(zone 29) and Atalaia{zone 36). 5121 trips have destination at
Sao Braz transfer terminal. Sao Braz terminal represents Sao
Braz(zone 12) and Ropoviaria(zone 13). Trips which have destina-
tion at bus stops in the Central area including Ver-o-Peso bus
stop are 23548. These bus stops represent Cidade Velha{(zone 1),
Comercio(zone 2), Batista Campos(zone 3), Reduto(zone §),
Nazare{zone ©), Can{zone 7). :

628, Total of the said trips is 33913, 38.2 % of total gener-
ation from Ananindeua terminal. Almost all trips generated from
Ananindeua terminal use BR-316. Therafore, we could estimate
around 40 % of trips from Ananindeua terminal prefer to use ex-
press service.
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629. The local-express mix is assumed 6:4 along BR-316 and

Av. Almirante Barroso.

5) Tarlfi system

630. Introduction of integrated tariff system is assumed.
Therefore, no restriction for transfer due to transport cost is

considered. The minimum route length in the minimum transfer route
group of any zone pair is, however, searched and plotted.

'B) Minimum Service Times

631. Six{6) times an hour is adopted as the minimum service
level.

7) Intermunicipal Bus Terminal

632. " The move to Ananindeua of Intermunicipal bus terminal at
Sao Braz is assumed in all alternatives except "do-nothing" case
{alternative no. 1 and no. 2).

{3) Results of Calculation
1) Superiority of Trunk/Feeder System to Conventional System
- a. Alternatives and Year

633, Alternatives 1 and 3 are examined mainly to clarify the
difference of characteristics between a conventional network and a
trunk/feeder integrated system. The year 1990 is adopted for the
calculations. Results are summed up on Table 12.4-1.

'Table 12.4-1 Characteristics of Alternatives(1990)

P g

Alternative Mag. Cong.  Total Buskkm Psn¥km Psn/km  Psn/ (Psn¥kn)/ Sales/ Total

Rate R. Length {Bus*km) (Bustkm) Cost Passenger
Alt-1 1 2230 1200355 40977073 1659 3.1 34.1 1. 26 3700002
Alt-3 1 542  B1T619 29582377 11198 3.8 47.9 2.53 6069248
Alt-3/A1t-1 1 0. 24 0. 51 6. 72 6.75 3.19 1.4 2.01 1.31
‘b. Service Level
634. For easy comparison, both alternatives are fixed at the

same service level. The fact that Alternative 1 requires 1597
buges, and only 1212 buses work at present, shows service level
at present is lower than the service level assumed in this Study.
Congestion rates of both alternatives are kept at 1.0 or less.
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C. Transport Efficlency

635, Passengers. per bus*kilo-meter of Alternative 1 is 3.1
and of Alternative 3 is 9.8. Alternative 3 shows 3.156 times the
transport efficiency of Alternative 1.

d. = Network Efficiency

636, : Passéngers per 1 km of route is 1,659'persons for Alter-
native 1 against 11,198 persons at Alternative 3. It means Alter-
native 3 has 6.75 times the network efficiency of Alternative 1.

e. Managerial Index

637. Alternative no. 3 shows remarkable improvements in this
index, around double of Alternative no. 1. It is coincident with
transport efficiency rating because the number of passengers for
both alternatives is the same.

£. Punctuality

638. A bold design involving restructuring of present routes
yvields satisfactory results in cutting duplication of routes.
Alternative no. 3 reduces route length to 24 % of existing one.
Using the definition of punctuality mentioned in the preceding
gsection, Alternative nc. 3 improves punctuality 4.17 times that
of Alternative no. 1.

. Transfer Times

639, Trunk/feeder systems increase number of transfer times
in general. This study adopts a maximum of three times of trans-
fer. Calculation shows a 31 % point increase when compared with
the network at present.

h. Remarks in Conclusion

640. BMR is behind with investment in public transport system
in comparison with other metropolitan regions in Brazil. Surplus
of profit caused by change of transport network from conventional
to trunk/feeder system, is expected to increase by around 100 %.

641, Alternative no. 3 is superior to Alternative no. 1 from
any point except transfer times.
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2) Necessity of Adoption of Trunk/Feeder System
a. Limitation of Road Capacity

642. '~ Situation in 2010 with existing network is shown 1in
Figure 12.4-12. Trunk axes become chaotic. Av. Almirante
Barroso/BR-316 counts 2500-3000 buses at peak hour. In the central
area, concentration of buses is further reduced but major streets
still count 1000 to 1500 buses at peak hour.

643. Under the said situation any bus transport system can
not operate efficiently. Introduction of some efficient transport
mode, such as rail system, becomes necessary.

b. PDifficulty of Introduction of Rail System

644, The maximum passenger number at the intersection along
BR-316/Av. Almirante Barroso is expected to be 543,000 passengers
per day in 2010. It is a sufficient figure to introduce rail.
Introduction of train to that trunk axis was studied, and the
study results are attached as Alternative no.5 at the end of this

chapter.

645, Basic characteristics, which is same as Paulista line
newly constructed in Sao Paulo, are summed up below in Figure
12.4-11.

guq: Llndus n X

a ’ quuairo
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Figure 12.4-11 Railway Route and Location of Station
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646, Baslc characteristics of rail system are;

- Train; compbsed of six cars (A-B-B-B-B-A) for 2,000
passengers/train '
- Car ! Type A, with driver cabin. Capacity is 316

paasengars including 46 seats.
Type B, without driver cabin. Capacity is 342
passengers including 50 seats.

- Track length: 14.2 km

- Average distance between stations: 1 km

- Gauge: 1600 mm

- Supply Voltage: 750 volt

- Maximum Speed: 80 km/hr

647. Simulation result reguires 18 train services in a peak
hour (3.3 minutes headway). ‘It means a rail company needs i6
trains in operation and 2 trains for reserve.

648. Referring to Paulista line construction costs, initial
investment is estimated as 933 million US dollars (refer to Table
12.4-2), When the total budget scale for the Masterplan implemen-
tation (350-500 million US dollars) is considered, the difficulty
to introduce rail system in Belem becomes evident.

Table 12.4-2 Investment Cost of Rail System

1ten Unit Cost Quantities Cost (1000US$)
Civil fork _ -
Station {Elevated) 25944856 /station 6 155668
Station (Surface) 17193252 /station 5 85966
Elevated Structure 21235478 /kn 6,7 142278
Surface work 874983 /kn 7.8 66500
0ffice 59551049 /ehole system 1 59551
QOthers 1114248 /km 14.3 15934
Sub Total 525898
Systens '
Power 4589982 /kn 14.3 65637
Controle of Trains 4136748 /ka 14.3 58155
Telecommunication 806918 /ke 14.3 11439
Track 83892 /kn 63.6 5336
Auxiliary Bquipmenis 2082100 /ka 14.3 29774
Equipnents for Maint. 1894570 /whole system 1 1895
Sub Total 173335
Engineering Service ‘8. 5% of sub total above 50435
Contingency 10% of tota) cost above 15867
Roiling Stocks
Car ) 904150 funit 115 10377
Trackmobil 407254 Junit . 3 1222
Sub Tota} : ’ 105199
Total Investment Cost ' ' : © 939734
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c. Concluding Remarks

649. Conventional type network can not continue to be viable
until the year 2010 and rail system ig very hard to be introduced
until 2010 -due to the budget limitation., Trunk/feeder system,
therefore, becomes. the only probable solution even though that
system contains many difficulties in itself.

3) Comparison of Alternatives
a. Cases of Alternatives Studied

650. Basic alternatives are four. They are Alternatives 1, 3,
2 and 4. The first two alternative networks are based on the
existing road network and the last two on the masterplan network.
In addition to those, as transitional stage plan, cases of the
completion of Belem Road and of the completion of Av. Pedro
Miranda are studied. '

Table 12.4-3 Comparison of Alternatives in_2010

Alternative Mat. Cong. Total Bus#ks  Psntks  Psn/ka Psn/  (Psntks)/ ~ Sales/  Total

: Rate B Length : . (Bustka)  (Bustkm) Cost Passenger
Alt-1 1 2230 1200355 40971073 1659 3.1 3.1 0.84 3700002
Alt-2 1 2158 832814 27135105 1606 L2 2.6 0.92 3468821
Alt-3 1 542 617619 29582311 11198 ¢ .8 1.9 1.24 5069248
Alt-3-Rod. Belea 1 590 607818 29205815 10110 9.8 8.1 1.26 5964853
Ali-3-Av. P. Miranda 1 556  £29251 28915320 10784 9.5 45,9 121 5952145
Alt-4 1 71§ - 650275 31406347 1117 8.5 48,3 11T 5543471
Alt-2/A1t-1 1 0. 97 6. 69 0,86 9.91 1.35 6. 95 1. 44 0.94
Alt-3/A11-1 1 0. 24 0.51 0. 72 6.75 1,19 1.4 194 164
Alt-3-B/Alt-1 1 0. 26 0.51 0.71 6.09 2.18 1. 41 1.87 1. 61
Alt~3-M/A11-1 1 0. 25 0.52 0.7t 6. 45 3.07 1.35 1.1 1.61
Alt=4/alt-1 1 0.32 0. 54 7 4.65 2. 11 1.4t 1.85 1.§

b. Transport Efficiency

651. Passenger number divided by total running km of bus for

each alternative compared to Alternative no 1 ig, as mentioned
before, adopted as measure of transport efficiency.

652, Alternative no.3 show the highest figure, 3.19 Alterna-
tives no.3 with Av. Pedro Miranda routes and no.3 with Belem Road
routes follow at 3.07-3.18 and Alternative no. 4 shows the rela-
tively low figure, 2.77. Alternative nc.2 is 1.35 (refer to Table
12.4-3).

c. Network Efficiency
653. Measure of network efficiency is number of passengers

divided by total length of network. Alternative no.3 shows the
highest indicator, 6.75. Alternative no.3 with Belem Road, with
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Av. Pedro Miranda and Alternative no.4 follow with figures 6.09,
6.45 and 4.65 respectively. These differences depend on the dif-
ferences of total route length. Alternative no.2 shows poor effi-

ciency, 1.17.
d. : Manageriai Index

654. _Alternative no.3 with Belem Roads is more successful by
a slim margin over Alternative no.3., The third is Alternative no.3
with Av. Pedro Miranda and the fourth is Alternative no.4. Alter-
native no.2 is the last.

e. Punctuality

655. Assume total route length as substitute for punctuality,
the order becomes Alternative no.3, an alternative no.3 with Av.
Padro Miranda, Belem Road and Alternative no.4. The first three
have very small margins compared with each other. Alternative no.2
shows figures much different from others.

f. Transfer Times

656, Alternative no.2 involves an average of 1.34 transfers
The second group consists of Alternative no.4 and Alternative
no.3 with Av. Pedro Miranda, representing 1.80 and 1. 93 transfers
respectively. The last group of Alternative no.3 and no.3 with
Belem Road, representing 2.19 and 2,20.

4) Proposed Alternatives

657. Differences between alternatives except Alternative no.2
are small. Considering present (imminent} situation cof congestion
from buses, an alternative which can be put in effect immediately
is recommendable. When we adopt Alternative no.3, we have the
advantage of an early start of several years. From this point of
view adoption of Alternative no.3 seems a natural choice.

658, Two trunk line system, however, improve the uncertainty
of one trunk line (four lanes) system. When Belem Road begins to
be constructed, another four lanes for excliugive use of buses
shall be provided in the new road. Two four lane busway systems
assure highly efficient public transport system for Belem/Ananin-
deua ciltizens.
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12.4.5  Alternative No.3
(1} Major Bus Stops

659. Bus stops with large volume of passengers are 1isted in
Table 12.4-4. Integrated terminals are marked in the table.

Table 12.4-4 Major Bus Stops

_ . Passengers .

Name Boarding Alighting TotaI Note
Entroncamento 539288 667686 1206374 lIntegrated Transfer Terllnal
Av. Almirante barroso/Humaita 07434 294318 601752
Praca Felipe Patroni 189155 206601 395756
Sao Braz Terminal Rodoviario 199358 195103 394461 Integrated Transfer Terminal
Av. Nazare/Generalissimo 145981 226523 372504
BR 31é Ananindeua R 231837 - 139368 371203 Terminal
Augusto Montenegro/Rod. Coquelro 178956 148719 - 327875 .
Senador Lemos/Coronel Luis Bentss 177645 148213 325859 Integrated Transfer Tera1nal
Av. “Almirante Barroso/julio Cesar 149039 139695 288734
BR 316/Rod. Coqueire 132676 - 1832721 265397 lntegrated Transfer Terninal
Magalhaes Barata/Castelo Branco 162109 99057 261166

Br 316 Acesso ao Conjunto Julia Seffer 128619 128619 251238
Rod. do Coqueiro Proximo a Greengarden 124311 124311 248622

Av. Almirante Barroso/Lomas 110803 133965 244768

Humaita/Av. Pedro Miranda 91784 97944 189728

Guama Abreu/Pe: Eutiquio 93894 93894 187188

Pe: Eutiquio/Mundurucus 88928 97393 186321

Jose Bonifacio/Barac do lgarape Mirin 93501 38198 181532 -

Aleindo Cacela/Bernarso Couto 88332 - 92314 180546

Augusto Montenegro/ 3 de Maio 126034 - 43990 175024 . :
Boca/Marechal Hermes 71349 83011 158426 Integrated Transfer Terminal
40 Hrs/Rua do Conjunto Stelio Maroja 19012 79012 158024

Pedro Miranda/Alferes Costa 73156 71420 144576

Quintino/0 de Almeida 70032 59515 129547

Alcindo Cacela/Conceicao 10336 52000 122338

660. Major bus stops are located along the trunk axis as can

be seen in Figure 12.4-13, Entroncamento is outstanding.

(2) Transport Axis

661. Trunk axis is close to capacity limit of one lane busway
with overtaking bus stops, 480 units/hour/lane (refer to Table
12.4-5). When 33 % of total services is considered as express
service, around 160 buses utilize central lane of the busway which
lessens the burden on the major lane.

662. Figure 12.4-14 (A) and (B) shows the calculation results
of Alternative no. 3 in the year 2000 and 2010.
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(3) Bus Fleeat

663. Alternative no.3 requires 2149 buses in the yeaxr 2010
(refer to Table 12.4-6), of which 1511 units are articular buses
for trunk line and 453 units are regular size. To maintain neces-
sary number of buses in response to the demand in each year,
installment of around 280 buses a year is expected.

(4) Schedule
664. Five years are considered necessary for preparation and

transition periods. Consequently, the year 1995 is scheduled as
the first year of fully operation of Alternative no. 3 network.

(5) Cost Comparison
665. Totél costs of Alternatives no. 1 and no. 3 are com-
pared. Results are shown in Table 12.4-7. The table shows Alterna-

tive no. 3 is us$ 5.8 billion cheaper than Alternative no. 1.

Table 12.4-5 Road Sections with Large Bus Flow (Peak Hour)

et i im e

Name Buses Rate to 480
BR 316 km 04 338 0.704
BR 316 km 03 _ 338 0. 704
BR 316 km 024 . 338 0. 704
BR 316 km Memorial da Cabanagenm 338 0.704
BR 316 km 0% 338 0.704
Av. Almirante Barroso (Dalva/Tavares Bastos) 270 0.503
Av. Almirante Barroso (Dr. Freitas/Utinga) 250 0.521
Av. Almirante Barroso (Utinga/Julio Cesar) 250 0.521
Av. Assis de Vasconceilos (Nazare/Jose Malcher 318 0.788
Av. Magalhaes Barata (A. Cacela-14 de Marco) . 334 0. 695
Boulevard C. Franca (Assis Vasec. - P. Vargas) 439 0. 915
Boulevard C. Franca 378 9. 788
Av. Portugal/Av. 16 de Novembro 378 0. 788
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Table 12.4-6 Detalil Result of Alternative No.3

$imlation Result
Case: Alt-3 (2010}

6 , Toiite Ve DIt Taclal Tapacity Pax Fo  ThAl — Sewvice  Tiwes Tus Flceq

| o - ; Speed Pax No_ {(Peak Hr

1 Mariteba/Ansnindeus 3.6 21 1107 14483 8851 R B

2 Distrito Industrial/Ananindeua . 1.7 21 10 87306 36303 FI A ' S T

3 Curuceaba/Ananindeva -13.8 21 110 149189 ° 73455 - 7% 1un . 50

4 Jukia Seffer 81 A 10 129031 70542 7 1221 29

5§ Cidade Bova/Ananindeua 4.3 21 i1 44111 16697 17 28 12

6 lewl/Coqueiro 16.5 41 110 120434 65786 67 1138 H

7 Cidede Nova/Coquelto 7.1 A 110 3817 2230 § 114 3

8 4B Horss . - . _ 4.8 21 11 18012 4373¢ 4 157 9

9 Cogqueiro/Augusto ¥ontenegro 10.2 - 1o 99135 33303 M 578 17
10 Satelite/Augusto Montenegro 36 2t 110 . 88814 46809 48 810 g
11 Jaderlandia/Augusto Montenegro 5.3 21 S 110 18540 - 10488 1. 1 4
12 Transcoqueiro/Augusto ontenegro 6.4 21 tio 9531 1518 § 114 3
13 Distrito Industrial/lcoaraci 22.4 i1 130 - -96867 42870 3 529 40
14 Maguar/Augusto ¥ontenegro 4.2 b4} 110 38595 20459 21 354 5
15 Arthwr Bernardes/fugusto Montenegro 9.4 21 10 49148 24857 28 430 . ¥4
16 Cordelro de Farias/Augusto Montenegro 4.9 21 116 43307 22179 23 - 384 12
17 Bengui/bugusto Montensgro 6.7 21 116 275 152 [ - 114 3
18 Bengui/Arthor Berpardes 19.4 21 0 24883 7158 7 124 1

. 19 Marambaia/Alsirante Barroso L2 2t 180 122498 59645 37 631 21
20 Tavares Bastos/Almirante Barroso 1.1 21 180 30831 17058 1n 183 5
21 Aeroporto/Almirante Barroso 16.8 21 130 186879 56526 57 974 47
22 CEASA/Almirante Barroso - 8.9 21 110 . 26494 12870 13 223 i
23 Universidade/Almirante Barroso 12,1 18 110 35831 18807 18- 326 i4
24 Perieetral /Senador Lemos 12.4 18 1o 65885 22184 23 184 17
25 Bernarde Savao/Nazare 6.4 14 © 110 . 144636 £97i8 o 1207 Kk}
26 Barnardo Sayao/Marechal Hermes 11.4 14 110 186804 76761 78 1329 65
21 Universidade/Sso Braz 10.8 14 130 13799 72540 62 1062 49
28 Dr. Freitas/Sao Braz 8.4 16 11 47981 24663 24 410 13
28 Pedro Alvares Cabral/Alaivanie Barroso 7.4 15 1o - 8% 2040 - 8 114 4
30 Perimetral/Sao Braz 6.5 1% 130 40423 20267 17 297 8
32 Pedro Miranda/Sao Braz : ] 15 130 190983 - 99760 86 1451 47
13 Padro Alvares Cabral/Perisetral 11. 4 16 110 108524 43577 44 754 n
34 Pedro Alvares Cabral/Gentil 83 15 110 69715 40722 41 105 24
36 Princesa Isabol/Padre Eutiquio 9.1 15 110 30485 7956 3 146 5
38 Cremaceo/Nazare 6.5 ih 10 12407 12407 13 215 §
39 § de Janeiro/Sao Braz 6.9 t6 110 40031 23164 24 401 11
41 Montepio/Batista Gampos 8.9 15 110 1845t 18451 18 kI L 12
42 Troncal BR-316/Aleirante Barroso 4.7 i 180 1512427 356669 222 s 593
43 Troncal Augusto Montenegro/Pedro Alvares Cabral 512 18 180 B53683 250393 156 - 264% 444
44 Troncat lcoaraci/Pediro Alvares Cabral 3.5 13 180 19093 724%7 15 166 M0
45 Troncal Cidade Nova 21.6 18 180 388707 - 186637 1i6 1974 178
46 Troncal Pedro Biranda/Presidente Vargas 13.2 16 180 209721 98568 51 1043 52
47 Troncal Universidade/Padre Eutiquio 8.1 15 180 319367 117429 73 1242 92

Average 2.6 - - A4S ATO866.9 A3 T 4LE 48,

Total 5421 - - bi69248 737051 1871 31890 7134
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Table 12.4-6 Detall Result of Alternative No.3 {continued)

Slmlation Result
Case: Alt-3 (2010)

Foute Route Nane Long  DBus*Km Psn*Ke  FPsn/fm  Fan/ {Psn#](l)/ vost  Ticket Males/
o Rate Bus+ Bus+Kn Sales  Cost
1 Marituba/Ananindeua 1.8 Ml 437 ) 578 - ~
2 Distrito Industrial/Ansnindeus 1.0 4838 113148 8Ml 13.9 24 N - -
3 Gurucsmba/Anenindeua 1.0 17435 460566 10843 8.5 26 11106 - -
4 Juila Seffer . 1.0 9890 434740 15930 13.0 44 5278 - -
5 Cidade Nova/Ananindeua - 1.8 127 110389 089 0.1 41 2620 - -
6§ Teui/Coqueiro .0 11934 631074 11492 i1 53 7579 - -
? Gldade Nvova/()oquelro 0.4 814 11373 543 4.8 14 517 - -
B 40 .Boras ’ 1.0 3059 159504 19557 25.8 52 1942 - -
§ Coqueiro/Augusto Hontenegro 1.0 5019 266410 9140 16.9 45 787 - -
10 Satelite/Augusto Montenegro 1.0 2917 159865  246M1 30.4 55 1852 - -
11 Jaderlandia/Augusto Montenegro 1.0 1164 48951 3092 15, 8 42 739 ~ -
12 Transcowueiro/Augusto Montenegro 0.8 725 13780 1459 131 13 460 - -
13 Distrito Industriat/lcoaraci - 1.0 14097 305537 43115 8.9 22 8949 - -
14 Mageari/Augusto Montenegro - 10 67163 9233 26. 1 45 340 - -
15 Arthur Bernsrdes/Augusto Montenegro 1.0 4063 102646 5208 12.1 25 2579 - -
{6 Cordeiro de Farias/Augusto ¥ontenegro 1.0 3608 8163) 4368 114 21 2417 - -
17 Bengui/Augusto Montenegro 0.0 759 . 783 41 0.4 i 482 ~ -
18 Bengui/Arthur Bernardes 1.0 2411 101064 1280 10.3 42 1530 - -
19 Marambaia/Almirsnte Barroso 1.0 7041 609254 10977 17.4 87 470 - -
20 Tavares Baslos/Almirante Barroso 1.0 1403 87945 4025 22.9 63 881 - -
21 Aeroporto/Almirante Barroso 1.6 16369 653878 11719 12.0 40 10391 - -
22 CEASA/Almirante Barroso LD 1982 104183 2854 13.3 52 1264 - -
23 l!niversidade/ﬁilirante- Barroso 1.0 3932 185767 2866 9.1 47 2405 - -
24 Perimetral/Senador Lemos 1.0 4779 216290 9291 13,8 45 3004 - -
25 Bernardo Sayao/Hazare _ 1.0 7735 250187 22561 18.7 2 4910 - -
26 Bernardo Sayso/Marechal Hermes 1.0 15147 576543 16386 12.3 8 9615 - -
27 Universidade/Sso Braz 1.0 11485 352300 12470 11.7 K1 7291 - -
28 Dr. Freltas/Sao Brax 1.0 3424 58510 5734 14.0 17 21 - -
29 Pedro Alvares Cabral/Alsirante Barroso 0.4 848 9207 442 3.9 11 538 - -
30 Perimetral/Seo Bray 1.0 1932 99748 6208 20.9 52 1e21 - -
32 Pedro Wiranda/Sac Braz 1.0 12522 458253 22286 15. 3 37 7949 - -
33 Pedro Alvares Cabral/Perimetral 1.0 8629 269835 4486 12.6 K} 5478 - -
34 Pedro Alvares Cabral /Gentil 1.0 5879 250383 8359 1.8 4] 1732 - -
36 Princesa Isabel/Padre Eutiquio 1.0 1323 56023 3357 23.0 42 840 - -
38 Cromacao/Nazare 1.0 1387 25501 1921 819 18 851 - -
39 9 de Jenelro/Sa0 Braz - 1.0 2759 83767 5818 14.5 30 1751 - -
41 Montepio/Batista Campos 1.0 2836 76242 2078 5.5 2 1800 - -
42 Troncal BR-316/ALmirante Barroso .0 161087 9035837 35420 9.4 56 102264 - -
43 Troncal Auvgusto Montenegro/Pedro Alvares Cabral 1.0 135476 7522335 16680 6.3 56 86000 - -
44 Troncal leoaraci/Pedro Alvares Cabral 1.0 29212 1599330 5364 7.0 62 17274 - -
45 Troncal Cidade Rova. 1.0 54409 2063765 14467 7.3 38 14538 - -
46 Troncal Pedro Mirands/Presidente Vargas 1.0 13784 765473 15884 15.2 56 8750 - -
47 Troncal Universidade/Padre Eutigeio 1.0 23178 89383 17115 1.8 39 14714 - -

Bverage i 14383 7 Ga750e, 11197 1.8 - - 120
Total - B17610 29538237 - - - 392065 7858101 -
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Table 12.4-7 Costs.of Alternative No.l vs No.3.

Year Altternative No. 1
‘Bus Flest -~ Bus. Operatin.g Facllities Total " Discounted
= Reinforcement Cost -Construction {USs)  Value(B%)”
19_§D S | 132; 912 195 0 132,812,195 - 132,812,195
108Y 222,035,258 ° 144, 925 386 © .0 363,960,654 337,000, 606

1992 255,370,178 150 938, 595
1093 288,024, 652 158, 951, 797 .
1994 322,040,018 168, 954,947
1995 355,374,938 177,678,188 -
1085 388,709,858 186, 991, 348
1997 . 423,859,300 196,004, 599
1998 494,845 560 205 017, 799
1999 292,746,199 214,03t,000
2000 281,038, 155. 223,044,200 -
2008 290, 010, 557 228. 592,269
2002 271,396,015 234,060, 338
2003 - 253,463,719 239, %68, 407
2004 235,536,523 . 245.076,476
2005 215, 782,805 - 250, 584, 545
2006 180,198,269 . 256,082, 614
2007  377.699,355 261, 600, 683
2008 - 394,809,123 267, 108, 752
2009 - 411,238,445 272, 616, 821 683, 855,266 158, 457, 515
2000 453,151,786 278, 124, 890 741,276,676 159, G39, 582
Accumulated Net Present
Cost - Cost
10, 898, 470, 683 5, 184, 487, 965

-406, 308,774 - 348, 344, 285

491,005,015 360, 903, 344
533,353,136 362, 981,182
575,701,256 362, 789, 446
619, 863,899 - 361,684,631
699, 863, 359 -~ 378, 114, 396
508,777,189 253,514,700
514,082, 355 - 238,118, 599
518, 562, 826~ 222,402, 708
509, 456,353 - 200, 723, 672
493,032,126 181, 286, 830
480, 606,999 183, 627, 839
466,367,350 147, 018, 439
415, 280,883 121, 511, 340
639,300,038 . 172,782,851 -

COoOOoOULOOOOODOOTOOoOOOD

Year Alternative No.3
Bus Fleet  Bus Operating Facilities Total Discounted
Reinforcement Cost Construction (us$) Value (8%)
1990 0 133,758,710 0 133, 758, 770 . 133, 758, 710

1881 38,798,978 142, 823, 380 1,821,412 183,449,770 149, 860, 898
1992 47,429,378 151,808,989 16,436,279 215,765,646 184, 584,264
1893 45,306, 712 160, 970, 599 1,104,209 207,381,520 184, 62§, 137
1994 26,079,878 170,041, 208 6,572,459 202,693,545 148, 985,807
1995 58, 443, 878 86, 882, 921 2,045,058 147,371,857 100, 298,810
1996 47, 655, 818 90, 947, 484 5 140.882 143,744,244 90, $83, 257

1997 47, 744, 320 95, 012, 047 0 142,758, 357 83, 296, 969
1998 63, 720, 000 99, 676, 609 0 162, 786, 609 87, 953, 942
1989 56,739, 157 103, 141,172 0 159,900,329 78, 989, §74
2000 43,419,835 107, 205, 735 0 155 625630 72,084,718
2001 35,474,910 110, 795, 517 0 146, 270,427 62, 732, 879
2002 31,981, 206 114, 385, 360 0 145, 375, 505 58, 128, 124
2003 51,808,910 117, 975,962 0 169,883 992 62, 465, 991
2004 50,304,075 121, 564, BG4 ¢ 171,868 939 58, 514, 6713
2005 65,316,875 125, 154, 647 0 180,471,322 B0, 044, 504
2006 o0, 566, 892 128, 744, 429 0 189,111,321 R5, 258, 170
2007 53,001,486 132,334,211 0 185,425,697 50, 114,809
2008 45,207, 634 135, 923, 893 27,273 182,158, 800 45, 585, 088
2008 47,368,440 139, 513, 776 245,454 187,127,670 43,359,739
2018 47,810,652 143,103, 558 6 150,814,210 40, 960, 302

--------------- e ot e e e A e T R T e e —————

Accumalated Net Present
Cost VYal
3,615,053, 270 %, 853 587 83D .

___________________________________________________________________________________________

MT075.449 355618148

661, 917,875 - 155,644,306



12.5 Minibus and Taxi Plan

(1) Overview

666. Minibus and taxi are categorized_és well gualified
. public transport modes. Of the two modes taxi is more demand
responsive, while minibus provides easier access to the public.

667. It is a generally supported policy to stimulate change
from private car use to public transport mode. However, this
policy can not be achieved in one stride. The first step might be
to provide a well qualified, especially in security, transport
mode. : .

668. Minibus and taxi are/will be operated by private enti-
ties. Such entities are generally more efficient than public
entities, however being profit-oriented, they tend to service only
high demand areas and high demand periocd. Some guide line and
system to control their behavior is necessary.

(2) Minibus
i) Demand

669. The home interview survey. shows that between 5 and 10 %
(difference depends on income class) of trips generated by persons
with income above 40,000 CZN$. (household income base) are taxi
trips. Based on this fact we assume 15 % of total trips from
households with income above 40,000 CRS might be the potential
demand base for minibus service.

2) Route and Service

670. Six routes are considered (refer to Figure 12.5-1).
Direct routes connecting CBD and residential areas.

671. Middle class bus with 29 seats is considered for such
gservice, transporting only seated passengers.

3) System

672. The new organization discussed in section 12.7 will be
responsible to decide routes and operation schedule. Private
enterprise/person, however, will actually operate. The tariff for
minibus 1s assured three times of regular bus.
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4} Calculation Results

673. ~ Only two routes in six are promising at the moment,
Route Pedreira and UFPA., Four routes in six, in 2010, will be
promising. Five thousand passengers are expected at this moment
and twenty six thousand passengers in 2010. Number of users is
unexpectedly small but experiences in other cities have shown
that higher quality transport service grows rapidly beyond esti-
mate (refer to Table 12.5-1).

674. ‘Simulation results is poor. Empirically, however, this
type of service shows very rapid growth rate. The important thing
ig to start the service immediately.

(2) Taxi

675. " The largest problem of taxi in BMR is shortage of secu-
rity, eg. physical security of car itself, driving manner, system
of indemnity Just case of accidents. and security from unreasonable

charge.

676. Solution is to induce taxi owners to establish syndi-
cates or companies which have the qualification to deal with such
problems. In addition a compulsory insurance system shall be
applied to the taxi business.
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Tahle 12.5-1 Characteristics of:Mini—bus..

Route .faigs;t Op. Speed Capacity Psn. Ho. Thru - Service - Ties

Naze ) (ka/h} . (psn) = Psn. No. (Peak Hr)  (Day)

" Pedreira 16. 8 23 28 15080 1040 4 "
Sacraenta 16. 4 23 2% 4713 - 47 1 25
Jurunas 7.8 23 29 589 427 ; 2 a0
Capudos: 14,3 23 29 186 122 f 9
UFPA 14.3 23 29 2384 1802 7 128
Marambaia 23.7 23 29 . 146 59 0 4
Average 1.5 880, 4 632.7 2.5 44.8
Totatl 93.1 5282 - 3795 i5 289

Route Bus Fleet  Cong. Bustkm  Psn*km  Psn/km Psn/ {Psnebm} /

Name Rate ' ' {Bus*km) (Bus*ln)
Pedreira: 4 1 1236 53461 90 L2 43
Sacramenta 2 1 402 14242 28 1.2 35
Jurunas 1 1 229 6456 o 2.6 28

- Canudos 1 1 124 6478 13 - L5 52
UFPA 5 1 1829 49837 166 1.3 27
Marambaia 1 1 98 4300 6 1.5 44
Average 2.5 Tl B33 22462 57 1.3 4
Total 15 3920 134772 o

Simulation Reasult
Case: Mini-2010

Route  Dist. Op. Speed Capacity Psn. No. Thru Service  Times

Name (bom) (kn/h) (psn) Psn. No. (Peak Hr)  (Day)
Pedreira 16.8 22 29 7510 5179 20 366
Sacramenta 16.4 22 . 29 2397 1727 7 122
Jurunas 1.6 22 29 2815 2124 9 150
Canudos 14.3 22 29 926 §09 2 43
UFPA i4.3 22 29 11872 8975 35 635
Marambaia 2317 22 29 724 29 i 21
Average 15.5 4384 3150. 8 12.4 222.8
Total 93.1 26304 18905 74 1338

Route Bus Fleet  Cong. Busskm  Psnvkm  Psn/km Psn/  {Psn*ka}/

Name Rate _ (Bus*km) (Bus*km)
Pedreira 16 1 6157 266225 448 1.2 43
Sacramenta § 1 2002 70831 144 1.2 35
Jurunas 4 H 1139 32145 385 2.6 28
Canudos 2 1 617 32253 65 1.5 52
UFPA 24 1 9106 248168 828 1.3 21
Marambaia 2 1 487 21424 E3 1.5 44
Average g1 1 32583.2 13i857.8 283 1.3 34
Total 58 19519 671147



12.6 Projects

12.6.1 Organization

677. The fundamental policy of the proposed public transport
plan is the adoption of trunk/feeder integration network system.
To innovate the present public transport system a new oreative
organization is necessary.

{1) Regulred Tasks

678. It is necessary that the administration of bus transport
system be consolidated. To achieve this task the organization
should be an independent public transport contractor. The organi-
zation should be the one which sells the tickets and arrange the
transport operation contracts with private bus companies. As a
rasult, the money flow from transport users are first collected by
the organization and then delivered to each private bus company.

(2) Nature of the Organization

679. The organization shall be independent from all parties
concerned. To accomplish that, the board shall be composed of
representatives from the state, both municipalities, bus users,
bus driver union and bus companies. '

(3) Works
1) Planning and Execution

680. The following three planning functions are considered.
The planning section shall bear the responsibility of execution of
its own plan.

Route planning: to maintain supply-demand balance on each route,
to maintain high transport efficiency on totail
‘network and to maintain a minimum service level.

Fleet planning: to maintain operative fleet,
to study operating cost of each type of buses
and to maintain the fleet complex and achieve

the lowest operating costs.

Facility planning: to plan construction, improvement and mainte-
nance facllities and to program these projects.
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2} Ticket Sales

681. Actual ticket sales are carxied out on board by each bus
company and over a counter in each bank. The organization only
handles a wholesale function. The detaills are indicated below.

Tariff system planning: to develop an integrated tariff system.
Wholesale: to prepare tickets and provide them to retailers.

3) Contracts, Supervision and Payments

682, All contracts with bus companies, supervision of opéran
tions of bus companies and payments to bus companies are organized
under this grouping. .

4) Organizatioh Chart and Cost

683. The state government delegated the  urban transport
administration function to the municipality of Belem. As a result,
the municipality proposed a new urban transport administration
concept, and the "Lei Organica do Municipio de Belem” was enacted
in Mar. 1990. According to the act, the key concept is to create
a governmental corporati¢n to control private bus companies and to
create new fleet with compulsory contribution by companies. This
fleet will be leased to bus companies but in the case of strike it
is operated by the organization. o

684. A task force of the municipal office is proceeﬁing to
implement the concept. An organization chart shown in Figure
12.6~1, is being set up, referring to the function of the task
force.

685, The cost is estimated at cr$ 32.7 miilibn/month, which
is around 2 % of total sales of bus transport business.

12.6.2 Bus Fleet
686, Bus fleet at present is composed of a total of 1212
buses in Belem Metropolitan Region. The age of buses in operation

is shown in Table 12.6-1. From the Table we can assume that the
average age of buses in operation is 8 years.
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Table 12.6-1 Age of Bus in Operation

Py o e e e v o rm 8

Year of No. of :
Production Bus Age of Bus

16 - ‘T 14
11 0 13
78 8 12
19 ] 11
80 24 10
81 117 9
82 109 §
83 93 1
84 85 b
85 102 5
86 99 4
87 294 3
88 233 2
89 158 1
a0 19 9
. 687. Adoption of trunk/feeder integrated system realizes

economy in the bus fleet. Result of our simulation shows
trunk/feeder integrated system requires 970, 1538 and 2203 buses
in years 1990, 2000 and 2010 respectively.

688. ‘Assuming the tr&nk/feeder system is adopted din 1995,
reinforcement schedule of bus fleet becomes as shown in Figure
12.6-2, total bus fleet by year in Figure 12.6-3 and reinforcement
cost in Table 12.6-2, '

Table 12.6-2 Bus Fleet Reinforcement Cost {(US58)

Year No. of Reinforceaent Amount of Reinforcesment Residual Discount
-------------------------------------------------------------------------------- Vaiue(8%) Value(dk)
Total 2 Doors 3 Doors Artic, Total 2 Doors 3 Doors Artic
1990 ] 0 0 3] 0 .0 [ 0 0 0
1891 3 200 100 10 38708978 25710000 12655000 2157500 1923622 35924979,
1992 150 200 100 0 47429378 25710000 12855000 10783000 1923622 £0663046.
1993 300 W0 1 100 45306712 25716000 0 21576000 1979288 35965928,
1984 150 50 0 100 26079878 6427500 0 21576000 1923622 191659484,
1995 00 HH 1§ 250 38443378  B427300 0 53940000 1923622 39775921,
1996 250 50 0 200 47655878 6427500 O 43152000 1923622 30031286,
1997 250 50 0 200 47744320 6427500 0 43132000 1835180 27858352,
1398 360 100 §¢ 00 63720000 12855000 7713000 43152000 0 34425933,
1999 380 150 100 130 56759157 19282500 172355000 28048800 3427148 25393709,
2000 s 150 H 150 48419895 13282500 642750 32364000 3869355 224277120.
2001 200 50 0 150 35474910  H427500 0 32364000 3916590 15214530,
2002 160 10 i} 150 31991205 1285500 0 32354000 1653285 12704147,
2003 Z60 10 i} 250 5130891¢ 1285500 0 58640006 3316590 14038798,
004 250 10 0 240 5030407% 1285500 0 51782400 2763825 17128577,
2005 350 £0 50 250 65316675 TTIS000 6427500 53040000 2763825 20590539,
2006 10 109 100 i80 60566392 12855000 12855000 38836800 3979908 17678398,
2007 310 100 10 200 53091486 12855000 1285500 43152000 4201014 14343950.
2008 50 50 ] 200 46207633 6427500 0 43152000  33IT1867 II563415.
2008 250 50 0 200 47368440 6427500 0 43152000 2231060 10975839,
2010 250 H3) 1 00 £7810652 6427500 0 43152000 1768848 102576889,

Total Cost 970398952 Net Present Value 464133894
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689. ~ Bus fleet is expected to increase in number gradually
from 1200 units till 2250 during the first decade and will be
maintained at the same level in the second decade, although compo-
gition of articular type will slightly increase.

690. Reinforcement schedule shows large drop in 1995 caused
by a change in the network system, which will produce large sur-
plus of buses., This after effect will be seen each 8 years in
correspondence with depreciation period.

691. Bus fleet reinforcement cost until 2010 is 460 million
usS in discounted value term and 1 billian us$ in accumulated
money term.

12.6.3 Terminals and Bus Stops
(1) Terminals

1) Sao Braz

682. An existing Sao Braz intermunicipal bus terminal shall
be relocated to Ananindeua area. An intermunicipal bus terminal
shall be diverted to an integrated transfer terminal.

693. Sao Braz transfer terminal serves for one trunk route
and four feeder routes, The total number of passengers getting on
and off at the terminal will be 395,000 in 2010.

694, An approach to the terminal and number of buses by
direction, and proposed plan of terminal are illustrated in
Figure 12.6-4 under the assumption that one berth can handle 120
buses per an hour. Construction cost estimate is shown in Table
12.6-3, '

2) Entroncamento

695. Entroncamente transfer terminal serves three trunk
routes and two feeder routes. The total number of passengers
getting on and off in 2010 is expected to be 1,206,974.

696, An approach to the terminal and number of buses by
direction, and proposed plan ¢of terminal are illustrated on
Figure 12.6-5 under the same assumption as is used &t Sao Bras
transfer terminal plan. Construction cost estimate is shown in
Table 12.6-4.
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Figure 12.6-4 8Sao Braz Terminal Plan

Table 12.6-3 Construction Cost Estimates

= e o T g e P P ey ey e e b e o e 7 B i e e e Y23 P e o T o

Price{Cr$)’

Iten Unit Oty Unit Total
i. Dispossess M2 0 0
2. Roof M2 0 20000 0
§. Construction M 0 35000 0
4. Pavement W2 0 4222 0
5. Visual Signs LS 0 2000 0
6. Pedestrian Deck UNIT 0 19230000 0
7. Guard Fence ML 0 5000 0
3. lmprovement M2 310 75% 279350
9. Landscape 3 0 160 0
10, Indirect Cost LS Q
11. E/S LS 0
12. Contingency LS 0
Total 279350

Total US§ 3174
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Figure 12.6-5 Entroncamento Terminal Plan

Table 12.6~4 Construction Cost Estimates

Price(Cr$)

ltem Unit Qty Unit Total

1. Dispossess M2 8300 13006 . 144060000

2. Roof Mz 10000 20000 200000000

3. Construction Mz 10000 35000 350000000

4. Pavement M2 5700 4222 24065400

5. Visual Signs LS -0 2000 20000000

§. Pedestirian Deck UMIT 0 19230000 ]

7. Guard Fence ML 0 5000 0

8. Improvement M2 0 75% 0

9. Landscape M2 ] 160 0

10. Indirect Cost LS 29703250
11. B/S LS 218319027
12. Contingency LS 84100023
Total 1066187700




'3) ananindeua

697. Ananindeua terminal functions as terminal of BR-
316/Almirante Barroso route, the largest trunk line. In additionm,
it serves four feeder line. Rapid growth of outskirt population
and movement of an intermunicipal bus terminal will give great
importance in future as well as at this moment.

698, The intermunicipal bus terminal will be located at an
area adjacent to this terminal. This consolidated transport facil-
ity may make a remarkable impact on the city of Ananindeua.

699. The number of passengers per day is estimated at
371,000. An approach to the terminal and number of buses by direc-
tion, and proposed plan of the terminal are illustrated in Figure
12.6~6. Construction cost estimate is shown in Table 12.6-5.

4} Telegrafo

700. Telegrafo transfer terminal functions for transfer
pagssengers between one trunk route and one feeder service. This
terminal is used by 326,000 passengers a day. An approach to the
terminal and number of buses by direction, and proposed plan of
the terminal are illustrated in Figure 12.6-7 under the assumption
that one berth can handle 120 buses per an hour. Construction cost
estimate is shown in Table 12.6-6.

%) Cogueiro

701. Cogueiro transfer terminal functions for transfer
passengers betwsen two trunk routes. A total of 265,000 passengers
use this terminal. An apprcach to the terminal and number of buses
by direction, and proposed plan of the terminal are illustrated in
Figure 12.6-8. Construction cost estimate is shown in Table 12.6-
7.

6) Doca

702. Doca transfer terminal functions for transfer passengers
between two trunk routes and one feeder route. This terminal is
rather small in scale. 160,000 passengers use this terminal. An
approach to the terminal and number of buses by direction, and
proposed plan of the terminal are illustrated in Figure 12.6-9,
Construction cost estimate is shown in Table 12.6-8.
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Figure 12.6-6 Ananindeua Terminal Plan

Table 12.6-5 Congtruction Cost Estimates

Price(Cr$)
Item Unit Qty Unit Total

1. Dispossess M2 500600 3500 175000000

2. Roof M2 6000 20000 120000000

3. Construction M2 2000 35000 - 70040000

4. Pavement Mz 32000 4222 135104000

5. Visual Signs LS 0 2000 ]

6. Pedestrian Deck UNIT 0 19230000 0

7. Guard Fence ML ] 5000 ]

8. Improvement M2z 0 755 o 0

9. Landscape M2z 18000 160 2560000

10. Indirect Cost LS 25133000
i1. E/S LS 184729000
12. Contingency LS 71253000
Total 783779000

Totatl IS$ 8906580
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Figure 12.6-7 Telegrafo Terminal Plan

Table 12.6-6 Construction Cost Estimates

Price{Cr$)

{tem Unit Qty Unit Total
1. Dispossess M2 0 " 3500 0
2. Roof M2 630 20000 12600000
3. Construction M2 50 35000 1750000
4. Pavement M2 2080 4222 8781760
5. Visuwal Signs LS’ 630 2000 0
6. Pedestrian Deck UNIT 0 19230000 0
7. Guard Fence ML 230 5000 1150000
8. 1mprovement M2 1740 758 1313700
9. Landscape M2 0 160 0
10, Indirect Cost LS 1342000
11. E/S LS 9865000
12. Contingency L3 1260000
Total 38062460
Total US$ 432628
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Figure 12.6~8 Coqueiro Terminal Plan

Table 12.6-7 Construction Cost Estimates

Price{Cr$)
ftem linit Qty Unit Total

1. Dispossess M2 ] 3500 0

2. Roof M2 440 20060 8800000

3. Construction M2 50 35000 1750000

4. Pavement M2 3450 §222 14565960

5. ¥isual Signs = LS 400 2000 0

6. Pedestrian Deck UNIT 2 19230000 38460000

7. Guard Fence ML 3000 5000 15000000

8. Improvement M2 0 185 . ]

9. Landscape M2 800 160 128000

10. Indirect Cost L3 3929000
11. B/S LS 288176000
12, Contingency LS 11138000
Total 122646900

Total US$ 1393714
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Figure 12.6-9 Doca Terminal Plan

Table 12.6~8 Construction Cost Estimates

Item Unit

1. Dispossess M2

2. Roof M2

3. Consiruction M2

4. Pavement M2

5. Visual Signs LS

6. Pedestrian Deck UNIT

7. Guard Fence ML

8. Improvement M2

9. Landscape . M2

10. Indirect Cost LS
1t. E/S LS
12. Contingency LS

Total

0

Price{Cr$)

Unit Total
3500 _ 0
20000 7200000
35000 1750000
4222 4095340
2000 4
19230000 0
5000 0

755 0

160 0

- 688000

5058550

2671000

21462890

Total USH 243896



7) Intermunicipal Bus Terminal

703 Intermunicipal bus terminal removed from Sao Braz will
be constructed in Ananindeua. Its location is planned to be near
the Ananindeua bus terminal. The construction cost is shown in
Table 12.6-9. :

Table 12,6-9 Estimate Cost of Intermunicipal Terminal

- - - Pt i U L A . i L L A o T e T e B ok ¥ e

Price(Cr$)

Item Unit Qty Unit Total

1. Dispossess M2 20000 5000 100000000

2. Roof - ' M2 4000 20000 $0000000

3. Construction M2 3200 35000 112000000

4, Pavement MZ 11000 4222 46442000

5. Visual Signs LS 0 2000 0

6. Pedestrian Deck UKIT 0 19230000 0

7. Guard Fence ML ] 5000 0

8. improvement M2 0 758 0

9, Landscape M2 0 160 0

10. Indirect Cost LS 17722000

11. E/S Ls 136250000

12. Contingency LS 50241000

Total 536655000

Total USE 6098352

(2} Bus Stops

704. Bus stops on an exclusive'busway of BR-316 and Av.

Almirante Baxrroso is studied. Capacity of an exclusive busway is
mainly restricted by the bhandling capacity of bus stops. Bus stops
of Av. 9 de Julho busway in Sao Paulo give a model to be studied.
A key feature of that bus stop is its length, ‘typically 250 m, to
accommodate a bus stop bay for 3 buses, a maneuvering length (30
m) and a further bus stop bay for 3 buses. This maneuvering length
allows easier bus access to/from the two bavs combined with over-
taking lane. The median of a busway is fenced to digcourage vrandom
pedestrian crossing.

705. Plan of a standard bus stop is illustrated in Figure
12.6-10, which is considered to handle 480 local buses an hour
while allowing exclusive use of a central lane for express buses.

706. BR-316 and Av. Almirante Barroso need 15 bus stops of
this type. Unit construction cost 1s provided in Table 12.6-10.

—352—



EHTRONCAMENRTD

- AV

S. BRAZ

BOSQUE RODRIGUES ALVES

ESCALA GRARCA

& 5 0 W 20 23 3o0m

Figure 12.6-10 Standard Bus Stop Plan

Table 12.6-10 Estimates of Standard Bus Stop

e 8 e . i i} e - -

Price(Cr$)

Item Unit Qty Unit Total

1. Dispossess M2 0 5000 0
2. Roof M2 0 20000 i
3. Construction M2 0 35000 0
4. Pavement M2 2088 9000 18792000
5. Visual Signs LS 0 2000 0
6. Pedestrian Deck UNIT. 0 19280000 ]
7. Guard TFence ML 540 5000 2700000
8. Improvement M2 12 10000480 12000000
9. Landscape M2 0 160 0
10. ‘Indirect Cost LS 1674000
11. E/3 LS 12306000
12. Contingeney LS 4747000

Total 52219000

Total US$ 593398
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12.6.4 Busway

707. Busway 1s classified in the folliowing three categories:
a. completely separated busway with two lanes in each di-
rection,
b. exclusive busway with two lanes and
c. exclusive busway with one lane.
708. - Detailed discussion 1s shown in Section 13.4 traffic

management plan.

12.6.5 Schedule

709. Figure 12.6-11 is the recommended implementation sched-
ule for public bus system. Existing network shall be switched over
in 1995 according to this schedule.

. - YEAR
Project 1990 11991 1199211993 1199411995 1 1996 11597 119981 1999! 200012001 12002 12003 12004 12005 12006 12007 12008 12005 2010
L e
Bus Flect Reinforcement ’ ’ . "
A
Bus Stop C i ! I t | ! | i [ ! | 1 i b 1 (S \ } |
p Construction 1 Py | I ! ! ' X | " | I
BR-316fAlmirante Bairoso | ; i — f— i ]I | 1 H I ' 1 i | | 1 | i
Ave. P. Cabral b II ! L Lo g ! o I._..AH L
L by [ T S A R ! I : ! Iy
Terminal Construction i fL | ! ! ] | i ! b I i | } : : | | I .
Sao Braz ! -—1-‘} N Il ; by |l R
Entrencamento k- —-L-H (. i ; I ! t | t
] E o ] o ! T

Coqueiso ! (e I 1 ! 1 I | i 1 1 1
ot I N B | '
Ananindeua i | I - l | ! | ; 1 ! t 1 1 1 1 1 |
Doca : ] | F [hJI | f I i ) | 1 ] 1 : : | | i
Telegrafo P et i | ) : 1 | ! : | i 1 \ I : : I
i 1 1 )

S T R A R S o S
ermunici i —- I [ 1 ! | t
{ntermunicipal Temminal i_ T———’: jl : } : 1 | | ! | : j I : ! | | |

I | |
o — e ] ! 1 ! ¢ 1 I
Organizstion r r 3 ! ! ! ! ! L ! 1 ! ! 1 ] ! L L H 0
Note: ===~ Planning

v Congtruction

Figure 12.6-11 Implementation Schedule of Public Bus System
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13.1 The Objectives of Traffic Management Plan

710.

The problems on the actual traffic management in Belem

are summarized as follows:

S a.
b.

c.
d.

£.

711,

No definition of road function in the central area,

No traffic signal system adaptable to the fluctuation of
traffic flow, '

No consideration for the safety of pedestrians,

Poor condition of the traffic management facilities due
to poor maintenance, and

The drivers' low sensitivity for traffic safety

As for future traffic flow in the central area, it will

not be much different from the current condition and furthermore
there is no problem about the traffic capacity of the road (refer
to Figure 13.1~1). Therefore the main objectives of traffic man-
agement planning are to provide solutions to actual problems.
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13.2 Basic Concept for Planning

712. The purpose of the traffic management is to maintain
traffic safety and smooth traffic flow. In the central area it's
possible to keep the smooth traffic flow due to the high road
network density as long as the road network is used efficiently.

713. Therefore the main theme of traffic management plan is
the software counterplan without any heavy hardware investment.
The prime conditions for planning are as follows;

a.  The main planning area is the future CBD area (Comercio
_Batista Campos, Reduto, Nazare,_Can, and Sao Braz)
b. The traffic management plan is based on the road network

plan and the public transportation plan. Therefore,its
target year is 2010. The urgent and middle range plans
are intermediate steps of the master plan.

714. In the future CBD area, traffic flow will concentrate
into the only few arteries, in spite of the existence of many
roads. Therefore the different kinds of traffic such as public
traffic, private one, inter-zone one and intra-zone one will be
mixed on the same road. This mixed condition will create the
conditions for the decrease in traffic safety and the initiation
of traffic congestion. (refer to Figure 13.2-1)

715. Therefore the basic concept for the master plan of
traffic management is 'separation’' of traffic. By 'separation’ of
traffic flow, 1t is possible to maintain traffic safety and smooth
traffic flow due to the existence of the same type of traffic on
the roads. The type of traffic flow to be separated are as fol-
lows;

a. Public traffic and private traffic,
b. Inter-zone traffic and intra-zone traffic, and
C. Vehicles and pedestrians
716, In the Study Area, public bus traffic and pedestrians

which are part of the public traffic flow are very important
because of their large trip shares of the total. Therefore public
bus traffic has the highest priority in the traffic management.
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13.3 Traffic Flow Plan

13.3.1 Classification of Road Function .

717. - . Road function plays a role in the separation of the
traffic flow. The roads are classified into three types: public
traffic artery, private traffic artery, and secondary street. Each
road function is shown in Table 13.3-1. ; :

Table 13. 3 1 Classification of Road and Its' Function

Gt R ML R G A G L VRS M B R T e v e T T Ak A R T del ik e el RO G G M G M M S M M S RS N ML WS M Ra WA e R R e AR S S e e

Type Objective Traffic Function
Public Private ' Traffic Travel - Parking
Traffic Inter-zone Intra~z0ne
Public Traffic M X 0 ' low middle
Artery : '
Private Traffic N M N high low
Artery _ _
Secondary o X M low high
Street ' : ' '
Note: M; Main objective Traffic
o; Consgideration
N; No consideration
x; Exclusion
718. . Public traffic arteries are defined for buses. On these

roads, buses are able to operate punctually with little interrup-
tion from other traffic., Travel spased doesn't need to be high, but
buses have t¢ run mixed with intra-zone traffic which is generated
by residents by rcad-side.

719. Private traffic arteries are defined for inter-zone
traffic which are important for private vehicles access between
suburban area and CBD area. Therefore on these roads, vehicles are
required to drive at high speed. Parking restrictions should be
enforced because parked vehicles disturb the movement of traffic
flow.

720. Seccondary streets are defined for intra-zone traffic

which distributes within the zone. On-street parking is permitted
for easy distribution and high travel speed isn't required.



13.3.2 Alternative for Traffic Flow Plan

721, Traffic flow plan is based on the public transportation
plan. The main trunk bus routes run through the future CBD area
from east to west, circle Comercio via Ver-0-Peso, and distribute
to suburban area. These routes are defined as the public traffic
arteries, so that two alternatives are studied with the private
traffic arteries. The concepts of these are shown in Figure 13.3-1
and explained as follows; ‘

a. Alternative 1 {refer to Figure 13.3-2)
- Public Traffic Artery Trunk bus routes
- Private Traffic Artery Parallel routes with public

Traffic artery, Access to CBD
area by secondary streets from
north to south

b, alternative 2 {refer to Figure 13.3-3)

- Public Traffic Artery Trunk bus routes :

- Private Traffic Artery Parallel routes with public
traffic and Cross route

against public traffic artery
from north to south

722, The above differences between these alternatives deter-
mine whether or not the north-south axis shall be a private traf-
fic artery. Av. Alcindo Cacela and Tv, 9 de Janerio are used for
these axes, wherein these roads are operated as one-way. AS for
ring roads surrounding Comercio, Av. Assis de Vasconcelos, Boule-
vard Castilho Franco, Av. Portugal, Av. Tamandare and Rua Gama
abreu, they will have mix of public traffic and private one be-
cause there are no wide roads nearby.

723. Av. Marchel Hermes also carries mixed public and private
traffic, but one-way regulation is enforced to increase traffic
capacity. The roads in the opposite direction of Av. Marchel
Hermes are Rua Das Municipalidade and Rua Gaspar Viana.
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