&y

Urban Bus Transpor:7

The urban bus transport covers the city in a falrly hlgh

:servxoe 1eve1, such as’ high densxty of routes and enough
’frequency, and is qulte conveniént transportatlon means, = Total
;number of buses 1s est1mated about 2000, total number of

 operat1ons 15 about 11 000 times a day, and total number of

routes is about 80.
Three kxnds of bus fares ‘are applled according to their
level of se1v1ces such a8 the alr condltlonlng or regservation of

seat, Flguxe 21,4 ahows the bus route network,
Ihter-Cit_:y Bus *Térm*inél_

The Termlnal Terrestre for the 1nter~c1ty bus transport

'vommenced its operatlon on October 11, 1985. The number of

_ passengers usxng 1nter—c1ty bus termlnal is about 80 000 a day

and the number of vehlcles visiting Terminal Terrestre is about

7 500 a day..

.GenEtgl View of thc-Terminal Terrestre

4



(Small bus terminal)
Figure 2-1.4 BUS ROUTE MAP

BUS ROUTES MAP
& ESTACION




Urban Bus Passengers at a Small Bus Terminal

Inter~City Bus Passengers at the Terminal Terrestre

~f -



2-2 Existing Condition of Road

1) Road Network

The road network of the c1ty is of a c1a931c grxd pattern
and consiSts'of'quite a lot of number,'extendlng to Av. _
Centenario Sunfin Ehe south, to Cerro el Carmen in the north and
having the CBD in the center. ~Urban and suburban areas are
connected by radial arterial roads. The streets w1th1n the c1ty
have almost unlform Wldth, in general 15~20m, but in the suburbs

the arterial roads have big width of 30 meters of more.-

DURAN
Figure 2-2.1 ROAD NETWORK PATTERN
2) Object Roads used for Alternative Routes of MRT

Several streets are selected for alternatives of MRT route
(see Figure 2-2.2) and their present typical sections are shown

in Figure 2-2.3,
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Av. 25 de Julio

| 7000 e o .
600 1050 1000 . J050 [, 450 10.50 360 B850 500

30
o 00 700 125 7.9
Av. Quito

Calte Manuel Galecio

| 2500
Av. Son Jorge R0 BO0 900

Ay. de los Americas

500 9.00

Figure 2-2.3  TYPICAL PRESENT CROSS ~ SECTION -
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Av. San Jorge
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1)

2)

3)

4)

Natural Condition and Obstacles along MRT Route

Topographical Feature

Guayaqu11 is 1ocated in the b351n surxounded by the Salado
eatuary (Estero Salauo) and developlng toward the suburbs of both

the north and south f1111ng w1th ‘the many branch of the Salado

estuary.

Thls study area is flat w1th an altitude of 3 to 4 m,

except. for some hlllocks.

Gedlbgical'cﬁndi;ion'

Geologically, the Gﬁé&aqui1 city#ﬁaé develaped on the thick
alluvium acéumulated by the Guayas river.

The struétﬁfe'of.the'strétﬁm is calssified into two kinds
of strata, soft clay and hard sand

The clay strata 1s 15-40 meter deep in the area between the

-Guayas river. and- the Salado estuary..

The strata of 3 to 10 meter deep under the ground surface
is very soft. (The N value is less than 1), Thg sand stratum
of dilluvium is extremely hard, ~and then it éan support the
struétural foundation. (Thé N value is more than 50)

Physical properties and'sﬁféﬁgth bf soil are stuﬁied'for
the planﬁiﬁg of MRT, but any of difficulties are not found. (see
Figure 2-3.1) '

Ground Water Level
The ground water level is 1 to 2 meter deep undér the
ground surface, | '

Seism

Small seism have occasiohally_dccured'in Guayaquil'city and

its vicinity while disasterous damages were not recorded, =~
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5) Meteorology

Major flndlngs of meteorologlcal data for past 2& years are
as- tollows. ' ' ' o !
Témpeféture : i.Maximuﬁ .:3863;
:  Mininem 179G
Rainfall Average annaal ralnfall is

‘about. 700 ‘mm 5@;_- -

 90£ of annual ralnfall is concentrat—
ed in rainy. season (December ~ April)

‘Wind Velocity  Maximum 13 m/sec.

6) 'ObStaélesvalbng MRT route-
a. Aer1a1 Obstacles : . _
' There are many klnds of obstacles such as electrlc
'.-power cables, telecommunlcatlon calbes, street 1amps.-.Blg L
one is-high yol;age (69 Kv)_electrlc_pqwer cable_crossing'
Av. Quito. | | | S !
" b.  Under Ground Obstacles
The water Supply plpes, sewerage plpes, power cables,:
_and telecommunlcatlon cables have been lald under ground

Especially the water supply plpe and sewerage plpe with

'1arge diameters are in Av, 25.de Jullo and Av. San Jorge,,

-.33.._



" CHAPTER.3 ~  REVIEW AND UPDATE OF BASIC FRAMEWORK AFTER M/P STUDY.

The frameworks that :orm the b381s for the demand forecast consist

malnly of economlc development, Slze of the populatxon and EAP

(Economlcally Act1ve Populatlon), 1and develoPment pattern, etc. They

were revxewed and updated as below.

S 3-1

AGéﬁéfainébﬁémiE'Sitdéfioﬁ'of Eénadof after'M/P“Study

Although Ecuador confronted the blg economic crisis in

'1983, the govermient worked Out mighty measures in 1984, which

1ncluded stablllzatlon and income programs to .control the

1nf13t10n, recover the pIOduCthlty and 1mprove the monetary

51tuat10n both in domestlc and international, These measures

1mmedlately brought an effect1ve result on every economic

sector. Inflatlon of- 48% in year rate as of Jdnuary, 1984

décréased rapldly, especlally in August when the new government
started, down to 21% 'in year rate. _ ' _ '
Nowadays, in Ecuador there are many 81gns of economic

recovery in agrlculture, flshery, manufacturlng,_and

- 1nternat10na1 trade, etc. in the d1ff1ca1t circumstances where

all other South American countries are still faclng to deficits
in the revenue and high inflation. And at present, the national

economy 1is gotng well under the National Development Plan (1985

B 88) whlch gave the target shown below.

'INCREASE O?'GROSS'DOEESTIC PRODUCTS (%/year)

Ttems - | . 1985 1986 1987 1988

| Totel Ecuador 3.0 3.7 3,9 4.4
‘Per Chpita | 0.1 0.8 1.0 1 1.5

Source: Plan Nacionéiwbeééffbilo (1985 - 1988)
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3-2

Population and EAP  Growtl in Study Area " -

The fourth national census in 1982 by'INEC'(iﬁEtituto
Nac1onal de Estadistica y Censos), not only deflned the ;:;

population increase after the thlrd cenSus (1974 on whlch base':_”; 

the M/P Study was) but also made very clear the, drastlc decrease-'
in the future populat1on growth rate of the whole Ecuador. _
However, the INEC estimates that a 1arge volume will Loncentrate
wore and more to the urban area 1n a few prov1nces._the largest
is Guayas with 2, 156 thousands in 1982 to 3 331 thOusands in
1995 (3.40%/year), second is Pichincha with.l,460 to 2,368
thousan&s (3.79%), and third-is“Manabi-with 960 to_1,241 4.;.;
thousands (2.00%). - L [
The result of the population update in the Study drea is

given below,

. FORECAST- OF POPULATION IN THE STUDY AREA

Item"

1982 1985 1990 1995 ° | . 2000
Population 1,337 1,521 1,850 2,222 | 2,630
{1000 Persons) o 7 '
Growth rate 5.35 4.40 3.99 |- 3.74 | . 3.43
%/year 3.83 for 1982 -~ 2000 -

As for the hAP rate to the total populatlon, 1ts percentage
was supposed to remain around’ 30% until 2000, almost equal to
the present figure, due to the high populatlon growth rate

mentioned above.
Family Income and Vehicle Ownership

On analysing the results of the Supplementary Trafflc

Survey, the present family income and. the vehicle ownershlp in

the several typical zones along the MRT route were estlmated.“__
The average family income showad slmllar growth rate in -

each zone between 1982 and '85, and the present vehicle

ovmership was calculated to be 55 cars/l 000 lnhabltants,

compared with 48 cars in 1982.

~35-"




The both growth I dotted on almost same curves projected in the

M/P (excludlng the congumer price inflation in the income), then

no correctlon was made- to the asaumptlons of their growth

'curves.

‘Land Ugé'Etgmeworkwgnd Allotment of Population to Zones

The framéworks of the pbpulatibn and EAP in 1990, 1995 and

'2000 were broken down and’ alloted to the small trafflc zones for

the MRT demand forecast, taklng into account the’ hou51ng
development, characterlstlcs and capacity in each zone,

foreseeable changes in the land use, etc.
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CHAPTER &  MRT DEMAND FORECAST -

Approach

The MRT demand was forecasted accordlng to the general flow
shown in Figure 4-1.1, and the forecastlng was made for the
cases shown .in Table 4-1. 1, '

‘ These forecastlng cases were prepared to concera the test
cases in the economlc and . f1nanc1al analysls as explalned in
Table 4-1.2. _ o _ i

The section patterns of the forecaéting_caaes are

illustrated in Figure 4-1.2.

Trip Volume in Fulure

The total trip volumes in target years were qaldulated by
transport mode 1) from the future O-D tables in the M/P Study,
before the MRT trip estimation. Its result was showm in Figure
4-2.1. | |

Note) 1. It means existing transport mode, bus, taxi and car.

Diversion Model Formulation

An analysis concerning the existing modal choice was
conducted, based on the data collected by the supplementary
traffic survey., As its reSult, car ownershlp, vehicle runnlng
cost, transport fare and time spent between zones were selected
as the explanatory varigbles of the WRT diversion model, and the
model was formulated in mathematical function combining these
variables. The service level is assumed by each transport mode

to forecast MRT demand as shown in Table 4-3.1.
Demand Forecast by Section Pattern

MRT demands were forecasted by case, i.e eaéh-rdute:'
alternatxve,'sectlon and target years, 5upp031ng the bus route
reorganlzatlon, ete. The result is shown in Table 4-h.1, it

shows that 401,000 passengers are estimated for the entlre route

-37- .



(3351c Pattern) between the bus terminal (Terminal Terrestre)
and Guasmo entrance in 1990. The demand of Pattern B, from the
bus terminal to Centro ClVlco, is seemed to be largest of
'sectlon patterns. _

. The case of MRT fare 1eve1 changes shows that 5 Sucres up

‘of MRT fare makes the demand decrease by about 50,000 passengers
a day. In comparison with the case thhout bus route '
reorgan1zat10n, it was found that about 89,000 passengers would

be produced more in the case with bus route reorganization.
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Table 4-1.1 CASES FOR DEMAND FORECAST

T - Forecasting Xféar
. -Route | Section Bus Route .
Tfﬁl?é?#g?iﬁéi‘{ :?éttffn Reo#gggiz&tién }990. 1993 199§ 2000
;i:. | Basic Pattern]  With B
JII  Basic Patterny With o ) o - ‘o
IT . Pattern.A - _WitH . o | o 0 o
- II_ - | ".péttern'-B : Wlth ) o o o o
I ) ) Paftérn ¢ | 'With- | o ' o o o -
LS U ‘Pattern D With "' o 0 o !l o
1r ' Ba?ic”?aétern - Witﬁoﬁt o
Note) 1. 3 Sfﬁb01 (o);§h§ws case to be teStéd.

2. The route alternatives and #ection patterns are
illustrated in Figure 4-1.2.

ILWY STUDY

3’5
%N ms;noamnon ROUTE ALTERNATIVES
ic 'be F EGUADOR '

JNPAN IHYERHATIONAL CROPERATIUN AGENGY I p Y]

~ Figure 4-1.2  ROUTE 'ALTERNATIVES AND SEGTION PATTERNS
' .. (Continued in the next page)
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Table 4=1.2 RELATIONSHIP BETWEEN THE SECTION IN SERVICE AND TEST CASES

- Teat Case Section in Service by Year
Case’ Schematic Layout 1990 1993 1996 2000
Basic o 1330
- & e Basiec Pattern
Case Y; T Y =0
Cuseno GETS  Gdc inibit)
' 1993 1990 :
g.a.ie N ' ; 1 Pattern A Basic Pattern
. ) _(v} ” I_I (‘)
_ 1996 1993 1990 |
gf:e e ,\]_‘[’1 $ Pattern AlPattern B| Basic Pattern
1993 - 1990
gffe i 1l 1 Pattern B Basic Pattern
. (@ o 11 X )
1990 . 1993 _
gi?e i il T ) Pattern C Basic Pattern
Case 1990 1993 1996 -
c-2 i | Pattern C|Pattern D Basic Pattern
I L’L Ll I
C 1950 1993 . .
Dife é_ I ! Pattern D Basic Pattern
_ ) @) @) )
Case E 1939 Pattern A
1990
Case F 22 ol Pattern B
' )] 1 @)
N 1990 :
Case G | - ! Pattern D
Cr X )
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Table 4-3.1 ASSUMPTION OF SERVICE LEVEL BY MODE
. 'FOR DEMAND FORECAST

Mode ‘Running Speed - Fare level o
: (km/h) (Sucres) Others
Bus 15: Subuxbs 8 Bus route
: -10: Central area _ reorganization
Carx 10 - 30 -
Taxi 10 - 30 60
MRT 30 25
Table 4-4.1 MRT DEMANDS BY SECTION PATTERN
Bection . o o _
2attern  |Basic Pattern|Pattern A|Pattern B|Pattern Ci{Pattern D
Item o
Stations 12 > - 8 > 8
Dimen- —
sion ‘Section . _ _
Length C .
(km) 4.7 6.7 _9.; 5 8.0
1990 401,000 170,000 | 275,000 92,000 223,000
Demands 1933 447,000 191,00Q 304,000 99,000 239,000
Persons 1996 482,000 206,000 327,000 105,000 251,000
/day .
2000 530,000 228,000 358,000 112,000 268,000




4~5  Pagsenger Flow between Statioﬂsz; .

The daily passenger flow was estlmated by dlstr1but1ng
'total MRT demands among  MRT statlons._ Flgure 4—5 1 Bhows the-
da11y pasgsenger flow 1n 1990 by each sectlon pattern.

The maximum peak hour passengers flow was also estlmated as

. shown in Table 4-5. 1y using the. average hourly peak rate.

Table 4-5.1 MAXIMUM HOURLY PEAK PASSENGERS FLOW =

(Passengers/hoq5)5:
Section] L. RO EAT TS
- Pattern Basic: Pattern Pattern Pattern Pattern
‘Yeaf\\\\ Pattern A B c . D '
1990 12,600 | 9,600 9,900 | 5,400 | 16,600
1993 14,500 | 10,500 | 11,300 | 5,800 11,100
1996 15,700 11,200 - | 12,300 6,200 | 11,500
2000 17,400 12,000 13,500 6,600 11,900

;45_
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uuf;@te?fcity Bus Terminal (Terminal Tetrestre)‘oPeﬁed in 1985

In.sj..de of the Terminal Terrestre
Ticketting Office and -Concourse
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CHAPTER 5  ALTKRNATIVES OF MRT ROUTR AND SYSTEM, AND THEIR SRLECTION

Considering various changes after the M/P Study in 1983, some

alternatives of the MRT route were examlned both in the northern and in

the southern part. Three alternatives of the MRT system out of 5 in

the M/P shown also examined again and evaluated,

5-1

Roote Aiférnatives

Alternatlve cases are: 2 in the southern part and 3 -in the
northern part, Whlle there are no. alternatlves between these
parts because of no" ‘wide roads sultable for the MRT - except Av.
Quito. They are shown in Flgure 5*1 1. _

As to the nothern part, small modlflcatlons of th° s
allgnment were examined in detall from various- a5pecta such as
1and acqu1s1t10n/reservat1on,‘technlcal matters,’ constructlon

cost, etc. (See Table 5~1.1 and 5-1.2),

System Alternatives

The 3 MRT systems: Urban Railway, Light Urban Railway, and

Monorail were picked up as the alternatlves, and compared each

‘other based on the many aspects such as prOJeCt cost, transport

capacity, operation cost, easy maintenance, etc., as shown in
Table '5".1030 . o

Selection of Route and Syétem

The project cost by route and system which is therﬁoet

important item for the evaluation were estimated as bellow:

—49 =~



Approximate’ Project Gost by Alternative Route and System

o Alternatlve

- L (Unit: Million sucres in 1985 prices)
Alternative | = :
Route | 44 1 Alt 2 . Alr 3

bvstem

Urban Railway | 29,206 (1.00) |31,133 (1.07) | 30,604 (1.05)

“ight Urban .| 57,223 (1.00) | 28,876 (1.06) | 28,446 (1.04)

"Railway
Monorail . | 34,475 (1.00) {35,677 (1.03) |35,280 (1.02)
 Note: Figures in () meaﬁ ratio to Alt. 1

1 U8 dollar = 120 Sucres as of October, 1985
' (on the free market base)

_ The flnal selectlons were,"

: Fof,the route; . Alt, 2 in the south and Alt. 3 in the
north were selected. Although the
-seleétéﬁ route is a little longer (14.7
¥m) than Alt. 1 (13.7 km), its
cohstrﬁcfioﬁ cost is almost same, and in
additién, expected to have the biggest
demand and to be easily constructed with

" . less obstacles,

For the system; Light Urban Railway was selected to be the
most promising of the three in less
project cost, adaptability to the route
aiignment, less maintenance and operation
cost,_mote advantage for the route

© exteénsion in future.

.-.50.,.
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Overpass Related to Route Alternatives
(Alt 1 and 2 have to cross over overpasses shown below.)

Existing overpass (Calle J. Coronel)

‘Overpass under Construction in 1985 (Av. de las Americas)
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Table 5-1.1 COMPARISOR OF ALTbRNATIVF ROUThS IN SGUTHERN PART
OF THE IUDUTE

‘H\_«“~m-~_=;~_»~_iiiiiijt1ve Routes
Comparison. : ’

Item

Alt i

Al 2 -

Route ;eﬁgth (kem)

1.7

1.7

Number of stations

Transport'demand
{passengers per day in 1990)

no ﬁifferenﬁ from Alt 2

no aiffgrent from Alt 1

Appropriataness to connection
with bus routes

+ disadvantageous to
connection with the
route from GuasmO'
-Oeste .

+ difficult to acqulre
land for bus termlnal

Alt 2 is mbre advan-
‘tageous to both points
than Ale 1.

Accessibility to major urban
egtablishments,

(major establishments and approx.
number of their users)

There are no major ucban

| establishments near the '

objective 'séction.

Same as left

Alignment of the
line and profile.

+ sharp curﬁesﬂat'z
~places™ ~

almost straight

(incl. track . Alignment’ . dxsadvantageous to
maintenance, . track maintenance and
operating operating speed
efficiency) -
. . + stee adieat
Profile almost_level steep gradien

{up and down)_:" 1 p.lace

7.

Characteristics of structure of
way

+ No high elevated struc-
tures are Tequired but
long-gpan beams with
sharp curve are required
to overpass the existing
roads.

High elevated struc-
tures ara required to
overpass the planned
interchange.
L= 0.4 km b
Hmax = 12.7 :i)

Hmean = 9.5

Difficulty and/ | Land acquisition
or easiness for

+ difficult, because of
many proprietors .
{11,000 w?)

easier than ALt 1,
because of few
proprietors (5,ZOQ m2)

land acquisition

: s Compensation
and compensation

ditto (10,000 w2)

ditto (3,000 u?)

Approx. Cost

122 million sucres

“40 million sucres

Adaptaﬁility to road improvement
plans, andfor interference with
road traffic

+ unnecessary ‘to coordi-
vate with the planned
interchange but nece-~
asory to coordinate with
distributor roads.

‘neceéssary to coordinate

with the plansed inter~
change

10,

Impacts to wayside

+ necessary te take
countermeasures, pro-- -
tecting the environment
from turning for the
.worse, because most of
the route pasees through
residential area

Environmental impacts to -
wayside are little.

11,

Difficulty and/or easiness for
construction work

easy

S

comparatively diffi-
cult to construct the
intersection (overpass)
of the planned inter-
change

e K
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" Table 5-1.1 COMPARISON OF ALTERNATIVE ROUTES IN SOUTHERN PART
: ' OF THE ROUTE (Cont'd) .

Alternative Routes

Comparison
Cltem. .

Alt 1

Alt 2

12. Project Co\_t_ll:'.:; _
{for 1.7 km of the route)

Civil work cost 1,439

Civil work cost 1,515

Land cost 122 . A | Land cost 40
{Unit: million sucres) -
Be S Total: 1,561 Total 1,555
Ranking from synthétic_ judgement : 2 1

(fote) Project cost is estimated in 1985 prices and exchange rate
"1Us dollaxr = 120 sucres = 210 Yens"
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Table 5-1,3  COMPARISON AND EVALUATION OF ALTERNATIVE SYSTEMS

. : ot i B . . . : : - . .
T ﬂltetgaZt:; Urban Railway Light Urban Monorail
Trem y Railway
1. Transport capacity aund
. A

correspondence Lo Lransport A ; B
demand increase in future R

+ Maximum capacity for _ ST
trangport plan ' 34,000 26,000 30,000
(Pevgon/tourfone way) ' :
{Headway = 3 minutes)

+ Headway fequirad for dewmand :
in 1990, 6 mwminutes 4,7 minutes | S minutes

{12,600 persons/hour/one way)
* Headway required for demsnd

in 2000. : 4,2 minutes |- 3.4 minates 3.6 winutez
(17,400 persons/hourfone way} : ' :
2. Adaptability to route conditions. _
(judging from minimm curvature c B A-

and maximuw gradient)

3. Operating efficiency and cost.

(judging frow acceleration B A B
. deceleration and power cost)}
4. Easiness of maintenance . . . ) :
. Y . ; B . A [
(inciuding maintenance cost)
5, Environmental impacts : c ) B ‘A
+ Noise and vibration () (B) 1 (A)
- Influence to radio wave : (c) {8} ‘ _ (&)
+ Landscape ) (B) _ _(a)y
6. Safety {in case of emergency) . A A i B
1. Comfortability Lo passengers B 3 _ A
&. Advantageé on route extengion in .
future ) B - A : - c )
(judging from possibility of level ' ] {Level crossing with roads
crossing with roads in suburbs,- ) is impossible.) |
flexibility of route selection,
ete.)
¢, Project cost {millien sycres) B A -G
(in case of the selected route) - -
(refer to section 5-1) 30,604 28,546 35,280
: (1.08) {1.00) (1,24)
Ranking from syntheric judgement 2 1 3
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" CHAPTER 6  CONSTRUCTION AND MANAGEMENT PLAN

6-1 Planning'Policy':

Y Premises

Principal premises for making plan are shown belows

Route :

(D

The route selected in the previous chapter 5

which is the whole object route of this study

(14.7 km) from Terminal Terrestre to Guasmo

(the Basic Case).

(2)- MRT system 1

previous chapter 5.

(3) - Opening year: 1990 (the Basic Case)

(Note)

2) Demand Aésighed to the Whole Route’

The Light Urban Railway selected in the

Other staged construction cases are summarized
" in the later section 6-7. .

Year

an 1990 1993 1996 2000 2010 -

Item -
Number of passengers  |401,000 | 447,000 | 482,000 | 530,000 | 646,000
per day S - '
Maximum number of passen-|105,000 | 121,000 | 131,000 | 145,000 | 177,000
gers per day in one
direction
Maximum number. of passen-| 12,600 | 14,500 | 15,700 | 17,400 | 21,200
gers per hour in one :
direction’

Note) jNo passenger_increasé after 2010.

3) Basic Policies for_Makiﬁg-Plan.

Bagsic policies and other main items to be considered for

making the ﬁlan are as follows:

558—




6-2

(1)
(2)

3)

(4)

(5}

(6)

To make construction cost lower 7~

To make maintenance and management easy -

‘To cope with to the demand-inérease in future

To make the plan adaptable to. the route exten31on in future

and connectable to the East-West Llne proposed by the H/P

To operate the nght Urban Railway effxcxently matchxng the
local eircumstances S
To make the plan coordinate with other improvement plans

related to the MRT construction

Transport Plan

Based on the planning condltlons, pr1nc1pal flgures are

shown below.

(1)
(2)

(3}
(4)
(5)

(6)

(7}

(8)

Route length and Number of'stations:' 14, 7 km, Y2 stations

Transport demand : 12,600 persons/hour/one dlrectlon .

(1n 1990)
21,200 persons/hour/one direction -
(1n 2010)
Train formatlon and transport 5 cars, 80 meters'Iong
capacity: _ . 1008 persons/traln

Schedule speed and tiwe required 30 km/hr, 29 minutes -
in one direction - : .
,mlnutes'1n7l990.

Headway 6 :
' .7 minutes in 2010

(AR

Required number of train formation 3 14 sets in 1990

24 sets in_2610=

Required number of cars 70 cars in 1990
(incl. reserved cars) "~ 135 cars ' in 2010

Number of trains 360 trains in 1990
per day _ © 580 trains in 2010



1)

"2)

3)

4)

5)

Constructlon Plan

A complete constxuctlon plan of the nght Urban Rallway
system for ‘the Basic Case (14.7 km, from Terminal Terrestre to

Gpasmo) was’ wo:ked out  to cover the whole system? trackway

. structures, stations, rolling stock, electrification, signalling

and communication system, depot and maintenance shop, etc.

: It_is'ﬂufliﬁed as follows:
Construction Standards
Construction standards for structures' planning are specified in
Table 6-3.1. o
Route Plan'and'profile
Based on the above standards, the route plan and profile were
de31gned to. match ‘the topographlcal features of the streets, not
to interfere the road traffic and to minimize hindrance to
prlvate owned lands and buildings, etc. Outline of them is .
summarized” in TFigure 6-3.1.

(Details of ‘them 4re referred to the Preliminary Enginecering

Drawings ‘in another volume.)

Trackway structures and stations

According to the route plan and profile, tréckway structures and
stations were designed not only to match urban landscape but

also to be eéohdmiéal, etc.. Typical structures of trackway and

'stationg,ate”sbown in Figure 6-3.2,

Rolling Stock

'-Rdlling'séécﬁ‘pléhehés been laid out to perform mass rapid

transport of passengers effectively,

- 1ts priﬁcipal features and performance are shown in Table 6-3,2

and external appearance of car is shown in Figure 6-3.3.

Electrical Facilities

Electrlcal fac111t1es con31st1ng of the power supply system,

31gna111ng system and communlcatlon system, were designed to

~60-



6)

meet operation plan, rolling atock'ﬁlan, etc. Thgir basig ”;
specifications are as follovs: '
a. ‘Power Supply .System

. Electric System from
Power Supplier

%

60 Hz..3~phase,_69-kv '

. Electric System of o o
Traction power : DC 1500 v

. Type of trolley wire o
suspention ¢t Simple Catenary -

. Max. Interval of contact

line suspention 60 m

. Electric System'of
Power Distribution

3iphase, 13.2 kVj
3-phase, 208/120 V;
a single-phase
260/120 ¥

b, Signalling System

- Color Light Type

. Signals :
. aInteflocking Device T Relay Type-
. Train Control 1 ATS and CIC

a4

. Block System Automatic Type

¢. Telecommunication System

EPABX Automatic

. Telephone System _
Telephones

Selective Type
. Dispatching Telephone

-

400 MHz Band Train Radio
150 MHz Band Portable

Radio

. Radio System

Schematic diagrams of the above three Systems are shown in

Figure 6-~3.4 to 6-3.6.

Depot and Maintenance Shop
Car depo;.has responsibilities fox daily check;-iﬁspéction,
repair and stabling of electric railcars. The headquarers of

the MRT and the CTC {(Centralized Traffic Control) will be
-61- :



7)

located in this dépot..'And'this'dépot will be a base for
cbntrbi"end_gdmiﬁisttation of the whole MRT system and of train
drivers for line seryides; ' |
‘Layout of the depot and maintenance shop aré shown in
Figqf§?673,7 and outline of inspecﬁion system is summarized in

Table 6-3.3. .

'Constrdction.Schedule _

.Cbnstructibn s¢hédu1e setting a target date for opening of

service on 1 January, 1990, is planned as shown in Figure 6-3.8.

2



Table 6-3.1 DESIGN STANDARDS FOR GONSTRUCTION

Over head clearance

4,7 m,

Item. Stahﬂard Reﬁarkﬁ_r;; .
Gauge 1,435 wm .‘ 
. Maximum design speed ‘80 km/h
Minimum curve radius 120 m " for main track
100 m for depot
300 m . for statipn.seqtioh
Maximum grade 35 % for main track
. 10 % for station
~ Vertical curve 2,000 m -in'hofigbqtai curve R. < 800 m
© 3,000 m in horizontal curve R > 800 m
Track-center distance 3.1 m . for main track -
4.0 m for depot
Rail 50 kg/m
Sleeper wooden
Ballast thickness of -
track 200 mm under the sleeper:
Turnout No.S(l:B) for wmain track
No.6(1:6) for depot
Live load 12 ton/l axle train moving load

clearance between the bottom-
of structures and the road
surface

-63~-
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Trac

2 100

7.300
3,100

50 1950

1550 .. 1550

hnji=

gk s e wi o)

Trackway structure -

25.00

TT_ %
1)

Main Station

1770

8.00

| e
-

Standard Station .

22.60

350

o B.ah - -

- SORRANE - P L= SR

Figure 6-3.2 TYPICAL STRUCTURES OF TRACKWAY AND STATIONS
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Table 6-3.2

PRINCIPAL FEATURES OF ROLLING STOCK

“(in case of

Item Description
1. Train Formation MC+M+T+M+MC (4M1T)
S ':Noﬁiﬂal-eapacity 474 person/train
2. Transport ~ : -—
capacity ,PrOJQCted 1,008 person/train
- maximum. capacxty
'°;Max1mum running 80 km/hr
_ ,speed g
3. Basic °_Acce1eratlon _ 3.5 km/hr/seq _
Perfotmaﬁte_"_Decelerat;on.'_ 4.0 (4.5) km/hr/sec

8.
9.

10.
11,

12.
13,

15.

14.

Car body (see Flgure 6-3. 3)

Truck and power : :
transm1391on device (System)

R1g1d wheel base &
Wheel d1ameter

Current eollector system

Main motb:‘system

One’ hour ‘rated output,,e
Voltage & Electr1c '
current o

Controlllng System and
device; ‘

Motor geﬁeratéf
Motor drlven air compressor

Braklng system

Couplipg'deyiee -

Air-conditioning -

: emergency)
"Schedule speed 30km/hr
',5. Tare weigﬁt (Approximately) Mc: 32t, M: 32t, T: 25t
5. Passenger load -
- (when filled to lts max1mum) Mc: 14.8t, M: 15.8t, T: 15.8t

All-aluminum light alloy and welded
structure

Steel plate welded structure, air
spring truck

2,000 mm, 860 mm

Pantograph

D.C. series motor with self draft,
mounted on frame

120 kW, 375V, 350A

Series parallel,'field weakening -
dynamic brake, multiple unit control

180 KVA
(30 min, rated)

Approx.
12 KW
Electro magnetic straight.air brake
with dynamic brake and hand brake

Tigﬁt lock coupler with straight air
pipe. Semi-permanent bar type
coupler

Unit cooler individually mounted on
roof
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Table 6-3.3  INTERVALS AND PLACES FOR INSPECTIONS

Type bf-?f D . Inspection |Running Inspection
JInspection P?ggedure Interval Kilometerage | Place
~ General ' Pérta 9f c4r aré COmﬁlete— 4 years 600,000km - | Workshop
Inspection | ly dismantled and all or less or less
N parts are completely: '
inspected and repaired.
' Princﬁpéi Principal equipment are | 2 years 300,000km Workshop
. Equipment- | dismantled, disassembled, or less
‘Inspection | inspected and.repaired.
. Mdntﬁly Cériedﬁipment'are inspec— | 60 days ~ Inspection
Inspection | ted in the working order | or less Shed
B on its functions. :
N Daiiy : Cars afe7ihépeétédiih the { 48 hours - Inspection
 Inspection | working order in the in- or less Shed
tervals of train operationd
Témporary Inspection is conducted |Inshop rate| - Workshop
. Inspection | whenever need arises from 0.1/year -or .
trouble of cars. Inspection
: Shed
Note: When an inspection of upper grade on the table is executed, the

inspections of lower grade are deemed to have been executed at the
same time.
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.

2)

3)

Managément'?lan
Aim'of'Management Plan

Alm of- management plan is to establlsh the moat efficient
body of controlllng and malntalnlng the Guayaqull MRT gystem

proposed in this Report. Items considered for the purpose isj
a)  What type of the management body will Be thought good?

- b)Y _Whét kind of.meésurES will be required for réduﬁing

~ the number.of-total staff of the MRT system?

c)  What klnd of education and tralnlng w111 be required

" for ralelng necessary staff?

Manageément Body

Four cases of management body are compared w1th their

ad?antages-as shown in Table 6-4.1, Among them, the Study Team

'proposes to establish a new body because it is thought best to

implementliﬁdépendent management to some extent.

Office Organization

Office building is built in the premises of the Railcar
Depot and commonly used by some field workers for reducing the
area of land acqulsltlon and for better communication among MRT

staff working in the same bulldlng.

Four}departments are planned in the office organization as

follows:
Organ Number of Staff

Ceneral Managé:.dnd his
Diréctly—attacheﬁ-Members —————————————— 7
Administration Dépt. ——————————————————— 24
:Trénsbortation Dept, ~=—m—m——me e 20
'_Rolling Stock Dept._? ———————————————————— 12
Civil & Electrical Dept, —====-—=—=m=m=w- 15
Total 78



Table 64,1

GOMPARISON OF MANAGEMENT BODY

Item

ManagementiBodyhdf MRT_Systém

Guayaquil .
Municipal
Authority

ENFE

CTG

New Body

1)

Necessity of
establishing a

joint committee -

to promote MRT
project

Necessary

Depending
on needs

Mecessary

Necessary

2)

Empibymeﬁt of
staff/their

.education and

training

Newly
required

Partly
required

Néwly _
required

Newly
required

3)

Convenience in
receiving
governmental
subsidy

Good

Goad

Good

Ngw law
© "required

4}

Restraint by
rotal budget

Probably

Probably

Probably

None

5)

Efficient
management

Good

6}

Fare control

" Good

7)

Coordination
ith,cit
evelgpm nt
plan

Good

8)

Coordination
with bus
service

Good
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4)

5)

Field Organlzatlon '

Locatlon of all fleld organs other than stations is assumed

'to be concentrated 1n the RaLlcar Depot.

Among twelve statlons, four are main ones and remalnlng
elght are small ones. Stationmasters are assigned to main

statlos only and they control small stations in the deslgnated

'area.

Traln movements are controlled eentrally under CTC system
but. their operatlng tlme is checked by stationmasters., Small
statione don't check train ope?ation,but work for passenger
services only | - ‘ -

The Railcar Depot has functlons of a workshop and a rununing
depot. Car cleaning is- entrusted to contractors.

- Routine maintendnce work of tracks, civil structures and

“electrical facilities is planned during night hours after the

last train. A diesel-powered motorcar is assigned to the
Railear Depot”and its drivers to the Civil Maintenance: Depot.
However, this motorcar is used commonly for all needs of MRT
system. | _
Manager of Rolling Stock Dept. takes the post of the Master
of Railcar Depot concurrently and Manager of Civil & Electrical

Dept. takes the post of the Master of Civil Maintenance Depot

and Electrlcal Malntenance Depot as well,

F;eld‘organlzatlon is summarized as follows:

Organ- : o : Number of Staff
St ion —o e 292
Railcar Depot wwwmmmsisismmrmmmm o e 179
Civil Maintenance Depot ———=————-------- 22
| Electricel Maintenance Depot ~—————-—--—- 22
Total 515

Education and Training of Staff
.MRT?syStem pfopoeed.by the Study Team is an electric

railroad and this requires for newlynemployed staff of the

. Guayaquil MRT to receive education and training of railroad

technologies.

=77



6-5

6)

Soma désighated.staff have to go abroadl£o recei§e‘this
education and have to work later as the instructors to give
thelr knowlédge and experlence o other MRT staff Thxs _
preparatory educatlon is thought very lmportant to 1ead thxs.
project in final SuCCESS.

After commencement of MRT serv1ce in Guayaqu11 occaalonal
on~the-job tra1n1ng is also required for the staff to become
more accustomed to the system'for offeripg better seﬁvice.bf

mass transportation for the development of the area.

Establishment of Maintenance System

As railroad is completely dlfferent from road, . the
management body has a responSLblllty of maintaining train
operation. If some failure arises and causes delay or -
suspension of train operation, instant response is required for
recovery. For this requirement; maintenance system have, to be
carefully established with preparation of necessary rules and

regulations.

Project Cost

Project cost is estimated as shown in Table 6 5 1 This
estlmatlon is carried out based on the prices on commerclal base
as of October, 1985 giving no consideration to inflation. The
cost does not include the import tax but includes the commodity
tax for the local materials. The exchange rate'applied to the
estimation is "1 US dollar = 120 Sucres = 210 Japanese Yens, as
of Cctober, 1985 by free market rate"._

in Table 6-5.1, the cost in 1990 is the 1n1t1a1 cost for
opening of service and the costs in other 4 staged years are the
additional costs to increase transport capacity {mainly cost for
purchasing rolling stock). The cost of the workshop'in the
depot is added in 1993, I '
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Operation and Maintenance Cost |

For the 'Basic Case' of this prdjgct,.the_oPeration_éna B
maintenance cost (Running cost) ié eétimatéd”as 5h6wn in'Table‘:
6~6.1. This running cost does not 1nc1ude the tax and other f
obligation levied by Ecuadorlan Government, the repayment of
foreign loans and the depreciation cost. Power cost is for -
train operations and for air conditiéning of.réilcars;. Other

electrical charge is counted in the management overhead.

Table 6-6.1 RUNNING COST OF MRT SYSTEM

 Basic case (IOOO_SQCre)

Year : F - ‘ o
ILtem 1990 1993 1996 2000 - 2010-
Personnel - S o o ; ‘. . _
expense 188,280 | 191,160 | 194,040 | 196,920 206,136
.Management N : : . : ._"
overhead 43,304 43,967 | 44,629 45,292 | 47,411
Maintenance | _ -
cost 187,984 | 211,410 { 243,384 | 261,081 | 328,869
Power ' o ' S
expense 112,788 .| 126,984 | 134,400 | 153,072 ] 180,456
Total 532,356 | 573,521 | 616,453 | 656,365 | 762,872

Figures for Staged Construction Cases

Staged construction cases are outllned as shown in Flgure
1-3.1 in the chapter 1, and their figures of thelr prlnc1pal
planning items are summarized in Table 6-7.1. Project cost by
case and investment year, and running cost by case more in

detail are shown in Tables 6-7.2 to 6~7.4,
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Table é*?.é'

RUNNING GOST OF MRT SYSTEM BY CASE

{1000 Sgcrg)

Hanaéeiéni

Raintenance

Personnel Power cost |  TOTAL
Case & year expanse overhead .. | cast o ; SRR
A-1 1990 120,540 a2 75,333 . 48,482.°1 . - 272,083 [ 1930"
1993 181,160 - 43,9867 211,410 126,984 | = 573,621 | 1893
1996 194,040 | 44,629 - 243,384 134,400, |- 516,455 [ 1996 - |
2000 195,920 45,292 | . 261,081 | 153,002 -] . 656,365 2000 |
2010- 206,136 47,411 328,869 180,456 - | - 162,872 | 2010-
A-2 1990 120,540 21,724 75,333 48,492 | - 272,089 ¢ [1990
1893 148,500 34,155 116,449 68,328 339,472 7} 1993
1996 . 194,040 44,529 243,384 134,400 | 615,453 | 1996
2000 196,920 45,292 | - 261,081 153,872 656,365 | 2000
2010~ 206,196 - 47,411 | 328,869 180,456 )¢ 162,872 {2010~
B-1 1990 145,620 | . 33,493 101,107 - 60,595 .340,916 - 1990
11993 191,160 43,957 211,410 . 126,984 - 573,521 1 1993
1996 194,040 44,629 | . 243,984 7 134,400 | 616,453 | 1996
2000 196,920 - 45,292 261,081 | - 153,072 656,365 | 2000 °
- 2010- 205,136 47,411 328,869 © 180,456 162,872 ) 2010
Cc-1 - 1980 113,052 26,002 43,482 . .35,496 218,082 | 1990
1993 191,160 4,967 | 211,410 126,984 - 573,521 11993
1996 184,040 44,629 ‘243,384 - 134,400 | . . 616,453 | 1996
2000 196,920 .45,292. 261,081 153,072 | 656,365 | 2000
2010- 206,136 7,411 328,869 180,456 . 762,872 |-2010-
-2 1990 113,052 ' 26,002 43,482 38,496 218,03z [ 1990
1993 146,196 33,625 102,867 | - © 61,896 344,584 | 1993
1996 194,040 44,629 243,384 136,400 | - 616,453 7).1996
2000 196,920 45,292 261,081 | 153,072 | © 656,365 -| 2000
2010- 208,135 47,411 828,869 | = 180,456 762,872 | 2010-
0-1 1990 145,620 33,493 99,630 59,244 - 337,987 | 1990
1993 191,160 43,967 213,410 126,984 . 573,521 | 1993
1896 184,040 . 44,629 244,380 134,400 516,453 .| 1986
2000 195,920 45,202 . 261,081 153,072 . B56,365 {2000 -
2010~ 206,136 47,411 328,869 180,456 '} . 762,872 -| 2010~
E 1990 126,540 1A £ 75,333 48,8001 272,187 | 1990
1993 122,268 28,122 85,157 51,024 287,471 | 1933
1996 123,420 28,387 87,879 54,276 - 293,962 | 1995 -
2000 123,420 8,387 | . BT.878 54,276 293,962 12000 °
2010- 125,148 28,784 100,427 59,904 314,263 | 2010-
F 1999 145,520 33,493 BLUNHE 60,596, 341,270 -{ 1990 |
1993 148,500 34,185 116,448 8,328 367,431 [ 1993 .
1996 148,076 34,287 124,044 - | .~ 69,876 377,283 | 1996
2000 150,228 34,552 127,726 12,984 385,490 | 2000 -
2010- 154,836 35,612 169,445 | 88,200 .| 448,093 | 2010-
G 1930 145,620 33,493 /89,630 | 53,244 337,967, [ 1990 -
1993 145,196 33,625 102,867 61,932 344,620 | 1993 -
1996 146,196 33,625 162,867 §1,932 344,620 - | 1996
2000 146,196 33,628 102,867 61,932 344,620 | 2000
2010~ 149,076 34,287 122,495 73,140 -378,998 {2010~
_ 4 95 _ ’
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