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CHAPTER1 INTRODUCTION

1.1 Background

The LRT Line 1 South Extension Project, also known as Line 6 or Line 1 Cavite Extension, involves the
extension of LRT services of the existing 20-kilometer LRT Line 1 system southward from Baclaran
through the cities of Parafiaque and Las Pifias in Metro Manila, up to the municipality of Bacoor in the
Province of Cavite. The project involves the extension of the existing line by another 11.7-kilometers,
adding eight (8) new stations with a provision for a further two future stations. Approximately 10.5 km
of the Extension will be elevated and 1.2 km will be at grade. Three (3) of the 8 stations (Niyog, Zapote
and Dr. Santos) will be designed as intermodal facilities to promote smooth transfer of passengers to/from
other road-based transport services. This component will likewise include expansion of the existing
depot in Pasay (Baclaran depot) to accommodate additional 21 trains that need to be added to the system
with the expanded services, and the construction of a new satellite depot in Zapote, approximately about 4
hectares to accommodate about another 18 trains and provide light maintenance works. The project also
includes the refurbishment of 52 of LRTA’s existing light rail vehicles (LRVS).

The LRT Line 1 South Extension project has been identified as a priority infrastructure project of the
Government of the Philippines (GOP) since the late 1990s. The Project was initially cleared for
implementation by NEDA-ICC under an unsolicited joint venture arrangement between LRTA and SNC
Lavalin, a Canadian company. The unsolicited proposal however did not flourish as the parties failed to
reach agreement on key contractual points. In 2004, LRTA decided to pursue the Project through the
solicited PPP mode. Unfortunately, the Project failed to get implemented due a wavering on the PPP
policy and consequently government’s failure to provide the required budget cover corresponding to the
capital grant subsidy required to make the Project bankable. About this time, other unsolicited proposals
were received and entertained by LRTA and the PPP approach was abandoned.

The current administration has again identified the Project as a priority strategic transport investment for
decongesting traffic and promoting growth of other urban centers outside Metro Manila. The Project is
deemed consistent with the current Philippine Development Plan (2011-2016) that highlights the strategy
for expanding mass transit systems for urban centers to promote transport efficiencies, promoting
users-pay principles to promote operational service sustainability, and broadening the role of the private
sector particularly for the operation and management of these services.

Current LRT 1 operations cover approximately 20 kms of service line with a total of 21 stations from
Roosevelt Avenue to Baclaran. The 5.7-km North Extension Project was opened for commercial
operations in 2010. A Common Station connecting LRT-1, MRT-3, and possibly MRT-7 in North
Avenue corner EDSA Boulevard is currently being studied for implementation. An 11 hectare area
within the LRTA compound in Pasay City serves as the line’s depot accommodating its current fleet of
139 LRVs and various buildings of LRTA. Patronage on the line is significant, about half a million
passengers ride Line 1 everyday.

Urban rail services provide a more efficient alternative to road-based services. The current LRT network
however needs to be expanded in reach and capacity in order to significantly increase daily passenger
volumes. Currently, the 3 urban lines collectively carry a little over 1 million passengers per day which
accounts for just 7.6% of person trips in Metro Manila.

The government’s current strategy is now to expand, integrate and increase the capacity of LRT services.
An integrated transport system is likewise envisaged with seamless transfers, i.e., unified ticketing system
allowing efficient movement between lines and more intermodal stations facilitating access between the
different lines and road-based transport services. Moreover, the seamless interoperation of Line 1 and 3
could be achieved within few years.



LRTA has already advertised for public procurement, rehabilitation works on LRT 1 amounting to around
Phpl.51 billions to be completed by 2015 that involves the rehabilitation of about 23 km. of tracks,
rehabilitation of the entire 1% Generation fleet (21 BN LRVs), and restoration of 14 LRVs and other safety
restoration works. The Railway Unified Ticketing System Project is currently under study for
implementation also within 2012. Extensions of services of LRT 2 are likewise identified as part of the
pipeline while system capacity upgrades are planned for MRT 3. LRT 1 service expansion to Cavite is
consistent with DOTC’s rail transport expansion strategy over the medium-term.

1.2 Implementation Scheme

Several PPP options were studied, including the operation and maintenance of the expanded LRT 1 line,
and the selected scheme, which has been approved by NEDA early 2012, is a Hybrid scheme (PPP-ODA),
where components of rolling stock, depot development, consultancy services of the Project are financed
and implemented by government under a traditional ODA procurement process and upon completion it
transfers the completed assets for O&M management to the private investor. The public sector, apart
from financing, takes on the procurement, completion, and delivery risks for the public component, while
the responsibility for financing, procuring and constructing/installing the rest of the components not
implemented by government is lodged with the private investor, i.e. CW, E&M subsystems, and O&M.
The ODA component, to be funded from JICA, is composed by the procurement of rolling stock,
development of the two depot, and consultancy services. This concession will be awarded to the bidder
that offers the best concession conditions to the government.

1.3  Objective of Study
The objectives of this study are as follows:

e Review of existing data and previous project evaluations and project parameters for further JICA
appraisal

e Review of demand forecast to confirm future train operation plan and fleet requirements

e Close integration and monitoring of the preparation of private sector bid documents and future
interface

o  Define scope of works of Public sector (ODA) and private sector with in the construction of the
depots

e  Cost estimation

1.4  Content of this Report
This Final Report includes bellows.

Demand forecast / Surveys

Operation Plan/Rolling Stock

Depot Facilities Plan

Cost Estimation

Environmental and Social Considerations
Project Effects

AFC (Automatic Fare Collection)
Implementation Plan

Institutional Issues to Implement The Project
Performance specifications for Rolling Stock
Recommendation for Railway Implementation in The Philippines
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CHAPTER 2 DEMAND FORECAST

2.1 Line-1 Current Patronage and Review of Past Studies
2.1.1 Introduction

A number of Feasibility Studies and reviews have been conducted for the LRT Line-1 Extension from
Baclaran to Niyog, since 1998, when the extension of the line was originally proposed by the
comprehensive study of Metro Manila (MM) transport system, namely MMUTIS. The proposed
southward extension would extend the current 18km Line-1 by an additional 11.8km with 10 new stations.
The proposed alignment would extend the MM transit system to serve the National Capital Region (NC)
southern cities of Pasay, Paranaque, and Las Pinas; terminating at Niyog, in Bacoor City of Cavite
province. This alignment would serve the areas where growth in residential development has been fast
and above average for over the last two decades. The need for the extension was justifiable even in 1998,
and its realisation is long overdue.

The studies reviewed for this project are listed at the end of this Chapter. The last major study was
conducted in 2006 [Refrence-4]. Since then there have been a number of reviews of past studies, most
recently by the International Finance Corporation (IFC) in early 2012,

For this JICA study the scope of the review was to prepare ‘preliminary’ patronage demand estimate
based on previous studies and relevant existing data. These demand estimates have been further studied
and revised on the basis of traffic and passenger interview surveys conducted in June and July 2012,
specifically for this project, to confirm the underlying assumptions and reasonableness of the forecast
patronage. This Chapter presents the patronage demand estimate for the whole of Line-1for the next 30
years, based on the analysis of most recent (up to July 2012) data of the existing Line-1, supplied by the
LRTA.

This Chapter focuses on the review and patronage forecast for LRT Line-1 South Extension Project only,
where necessary reference has been made to the LRT Line-2 studies or data. Draft Final Report Volume 2,
Chapter 2 provides the current and forecast patronage for Line-2.

2.1.2 Review of Past Studies

Most recent of the reviews of LRT-1 south extension has been conducted by the DOTC/ LRTA dated 27"
February 2012 (Reference 1). This review is mostly based on the “LRT1 South Extension Project,
Updating of the Feasibility Study / Project Implementation Program”, January 2012 (Reference 2). Initial
work for this update was done by DBP/IFC and its consultants in 2008, and reported in August 2008,
(Reference 3).

The estimate presented here has also relied upon the “Manila LRT Line 1 Extension Feasibility Study”,
Draft Report by Halcrow, August 2006 (Reference 4). In addition, the detailed work undertaken in the
very 1% detailed study of Line-1 extension project completed by SNC-Lavalin in 1998 (Reference 5) has
also been considered and the results have been used at aggregate level, and where appropriate, modified
in the light of recent survey data. The underlying assumptions on which the demand forecast were based
upon, like growth in population and socio-economic changes have been within the growth achieved
to-date since the forecasts were prepared.

2.1.3 Current Line-1 Patronage and Comparison of Demand Forecasts of Past Studies
Line-1 from Monumento in the north to Baclaran in the south opened for revenue service in December

1984. In 1985, the 1% full year of operation, the patronage of Line-1 was 69.7 million passengers (Pax).
The growth in demand was steady and it reached 127.8m by 1990, and increased to a peak of 145.8m Pax
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by 1994 (an average growth rate of about 8.5% p.a. from 1985 to 1994). Then the ridership started to
decline due to various technical reasons. The decline in patronage continued until 2004 (further
exacerbated by the 20% increase in LRT fares in December 2003) and it was 96.8 million Pax in 2004,
almost 40% less than it was a decade before that.

However, the declining patronage trend was reversed in 2005, and since 2005 it has been increasing
steadily. In 2011 patronage of 156.9 million Pax were recorded on Line-1 with two new northern
extension stations (Balintawak & Roosevelt), which opened in 2010. This gives an annual average growth
rate for the decade: 2001 to 2011 of 3.62% per annum. Annual patronage of Line-1 since opening is
shown below in Figure 2.1-1. It can be seen that the drop in patronage from 145 million annual Pax to
around 100~110 million Pax annually throughout the 1* half of the last decade was mostly related to the
available capacity of the rolling stock (LRV’s). With the provision of the additional rolling stock, growth
in population and economy, and ever increasing road congestion, Line-1 was able get its patronage back
to the peak of 145+ million Pax per annum by 2009 and is able to sustain the patronage increase albeit at
a lower growth rate. Line-1 still has capacity to carry more passengers, if the capacity expansion is carried
out systematically and with the ‘vision’ to provide accessibility and mobility to its ‘Customers’, and not
just as a means of transport from A to B.

Line-1 Annual Pax (million)
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Source: LRTA Data & Study Team Analysis
Figure 2.1-1 Line-1 Patronage 1984-2011

Analysis of the recent patronage data up to July 2012, shows a much higher than average growth since
2005-06 period. The monthly patronage for the last six years is depicted in Figure 2.1-2. It can be seen
that patronage in every month of 2012 is higher than the corresponding month in the past. The demand in
July 2012 reached 14.8million Pax, over one million more than the same month previous year. This is a
healthy trend, and has been reflected in the preparation of the forecasts for Line-1. However, the demand
forecasts prepared by the referenced studies varied due to a number of reasons, some of these are:

e The validity and correctness of data, its availability had effects on the study outcome. e.g. The 1%
study by SNC-Lavalin was conducted soon after the MMUTIS project, hence it had a
comprehensive transport database available to study Line-1 extension, and it was used to prepare
demand forecast. As patronage of Line-1 at that time was almost 140+million Pax, The forecast



estimates reflected above average growth in demand not realising the Line-1 system capacity
restraints. Hence produced high demand forecast estimates which was not attainable.

The scope of any such study, time and resources available affect its outcome, as demand
forecasting is a complex process; it takes time, and for reasonably reliable demand forecast
considerable data, professional skills and resources are required. In this regard, the Halcrow
study for Line-1 extension completed in 2006 appears to have been comprehensive in preparing
and documenting the projected patronage demand and revenue estimates.

The trend forecast approach (used by recent studies) introduced higher unreliability to the
patronage demand forecast. Hence the revenue estimates produced by these studies would need
to be checked against similar other sources (‘bench marking’) and sensitivity analysis would
need to be undertaken to ensure reliability reasonableness of the demand forecast.

LRT Line-1 Monthly Patronage (2006 - July 2012)

—&— 2006 ——2007 —0—2008 =@=2009 —a—2010 —e— 2011 =) 2012

Millions

Monthly Passenger

6.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: LRTA Data & Sudy Team Analysis
Figure 2.1-2 Line-1 Monthly Patronage 2006 to July 2012

Table 2.1-1 below summarises the average weekday patronage demand forecasts prepared by the
referenced studies and comments explain the underlying reasons as to the reliability of these
forecasts.



Table 2.1-1 Average Daily Patronage (Pax ,000) Forecast by Previous Studies

Source | Study Description & (Comments) | 2005 | 2010 | 2015 | 2020 | 2025 | 2030 | 2035
SNC-Lavalin - Initial

(of Extension Only No Forecast for 550 - 638 - 722 - -
5 Existing Line-1 was reported)

SNC-Lavalin - Revised forecast

reduced to 60% of initial forecast 330 - 445 - 469 - -

to take account of system capacity.

Halcrow forecast at SNC-Lavalin
SH | fare level Completed in 2006 B - aLr 461 475 489 -

Halcrow Base Case Demand (2005

436 667 738 - 794 -
farelevel)

4 Halcrow Demand Forecast at 348

; 435 640 707 - 760 -
Optimum Fare Level
Foreca_st Without Sout_h Extension, _ _ 567 657 762 883 | 1,024
Including North Extension

1,2 Forecast With South Extension,

&3 Including North Extension B B 820 953 | 1104 1,281 | 1481
Increas_e ie. Line-1  South _ _ 253 206 342 308 457
Extension Patronage
Line-1, Includes North Extension

JCA 1 Actual Patronage (LRTA Data) S | AT B B B B B

2l Forecast With South Extension

2012 — ’ 650.7 | 831.2 | 899.9 | 950.3 | 990.7

Including North Extension

a. For Sources: Refer to thereference list given at the end of this Chapter, Section 2.5.

b. Refernce-5, Study conducted in 1998, with 2000 as base year. Growth factors of 3% p.a. from 2005-15, and
2.5% form 2015-25 were used. For other years, forecast were by made interpolation or by extrapolation,
but capped at 750,000 Pax/day for Line-1 Extension Only; Excluding the Existing Line patronage.

c. Reference-4, Halcrow study was conducted in 2006. 2005 data is just for the existing LRT Line-1. Forecast
years data is for the Total Line-1.

d. References 1,2 and 3 are based on the same demand forecast.

e. JICA Sudy Team June 2012 Interim daily patronage forecast for Line-1 with South Extension.

Table 2.1-1 above also includes the JICA Study Team recent demand forecast based on the past trends,
previous study estimates and study team own assumptions derived from recent survey data and other
sources. The following sections explain the forecast methodology and present the results of JICA Study
Team patronage demand forecasts.

2.2 Demand Forecast Methodology
2.2.1 Introduction

As discussed above, a number of Feasibility Studies and reviews have been conducted for the LRT Line-1
South Extension Project. These studies have been reviewed by the study team of this project, and are
listed at the end of this Chapter. In each case the patronage/ demand forecasts have been based on
detailed travel demand modelling for the opening year of Line-1 extension; whereas future year forecasts
have been based on simple growth factor techniques. However Halcrow [Reference 4] forecasts for
Line-1 south extension are based on the travel demand model forecasts for the partial opening of
extension to Dr. Santos in year 2011, full opening to Niyog by 2012; and also for the forecast years of
2015, 2020 and 2030.

Considerable work has already been done in the past on travel demand estimates through modelling. For
this study, it is felt that a full-scale modelling approach is not realistic. A simplified approach of
validation of previous forecasts (for the year’s to-date) against current LRTA Line-1 patronage data, and
projection of future ridership estimates for this project would generally draw on the previous study’s
modelled results, and adjusted/ updated as appropriate based on latest existing line data and recent survey
data.
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The proposed patronage and revenue estimate methodology adopted for both lines is outlined in Figure
2.2-1. The methodology is further described briefly in the following sections. The complete methodology
initially relied on the judgement and extensive experience of the JICA study team, in the preparation of
the patronage and revenue estimates for both Lines 1&2 extensions; and finally has been based on the
recent (June & July 2012) traffic and travel demand survey data.

Patronage and Revenue Forecasts for Lines 1 & 2 Extension Projects

Traffic & O/D Surveys/ System Capacity

[ Demand Forecast Process | Existing Data

Traffic Surveys
Conduct Traffic / Passenger Counts and O/D|
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Figure 2.2-1 Patronage and Revenue Forecasts - A Simple Methodology

2.2.2 Lines 1&2 Demand Forecast Methodology

For Line-1 initial assessment has been prepared and reported next in Section 2.3 as ‘Demand Forecast’.
The methodology adopted was based on the Halcrow demand forecasts as documented in Refernce-4. The
Halcrow demand estimates were initially compared against the LRT Line-1 actual patronage, for the
period from 2005 to 2011. The Halcrow base case forecast was then updated according to the ‘trends’ in
patronage on the Existing Line-1 up to the year 2011. In estimating the demand account has also been
taken of the fact that Line-1 has been extended to the north-east for 5.7km, with two stations: Balintawak
& Roosevelt. The Halcrow study did not consider/ include this extension in the demand forecast of
Line-1; however, it was included in the demand modelling process as an MRT Line-3 extension to the
West to Monumento. This impact has been reflected when refining the demand forecast for this project.

Similarly for the patronage forecast of Line-2 the recent studies of Line-2 has been referred and used to
prepare initial assessment, preliminary, and now final demand forecasts have been based on these studies,
and using the most recent, current patronage data of Line-2 provided by the LRTA.



The latest (2010) census data is available to the JICA study team. The previous population forecasts for
the Lines 1&2 corridors would be compared against the actual (Census 2007) and patronage forecasts
were checked and it was not necessary to adjust for any changes in population. In addition, future
population growth estimates have also be compared with previous forecast and were found to be with the
recent trends, and no further adjusted to the 2010 base case demand was necessary.

LRTA has supplied a vast amount of LRT Lines 1&2 data: hourly, daily, monthly and annual patronage.
This data has been analysed and results applied, where necessary, to adjust initial forecasts as described
above, for peak, daily and annual patronage estimates. The provision of LRTA station loadings by
direction of travel yielded passenger-km (Pax-km) travelled, and the essential value of PPHPD
(Passengers Per Hour Per Direction) required to estimate the operational headway and related rolling
stock requirements.

The Pax-km derived from directional passenger boarding/ alighting and also from station-to-station
matrix of passenger travel has been used to derive travel patterns and Pax-km, previously forecast using
constant factors. The current demand forecast is based on the above stated data and it yielded more
accurate estimate of average trip-length and hence more reliable fare-box revenue. Halcrow forecast
average trip-length had be checked and validated against the LRTA data for 2005 and 2010, and forecasts
are now based on the base case station-to-station matrix.

Similarly, the trends in patronage growth on Lines 1 & 2 would be used to estimate the patronage on the
existing sections of both lines, and particularly for the periods before the opening of the extensions and
the ‘important’ early years after opening of the extensions.

2.2.3 Traffic and LRT User Interview Surveys

A limited set of traffic volume, vehicle occupancy, and origin/destination (O/D) surveys at key points
along the Lines 1 & 2 corridors have been undertaken, and the data is analysed. Survey results have been
summarised in the next section and fully reported in Volume 1, Chapter 9 of this report. The occupancy
surveys would assist in driving the total person-trip demand along the existing and proposed alignment
corridors; and data would assist in determining the LRT share of demand in the corridors of line
extensions. This would then be compared with the forecast demand in the corridor, to examine the likely
split of the current public and private transport trips and the share of the LRT lines.

LRT passenger interview surveys have being conducted to establish, the LRT user profile, their trip
characteristics, including: Origin/ Destination, and number of transfers they make for the complete
journey. These surveys were conducted at Lines 1 & 2 terminal stations and key LRT/LRT & LRT/MRT
interchange stations. The surveys established the potential patronage which could be realized at the
terminal and intermodal transfer terminals of Lines 1 & 2 extensions.

1) LRT Passenger Interview Surveys

LRT passenger interview surveys were conducted at:

Line-1 Roosevelt Station,

Line-1 EDSA Station,

Line-1 Baclaran Station,

MRT Line-3 Taft Station; and

Line-2 Santolan Station (Discussed in VVolume 2).
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A sample of 400 (200 Boarding and 200 Alighting) passenger at Baclaran (station from which the
extension line would start was collected. Whereas at the other three stations sample of 200 Pax per station
was collected. In all cases data was expanded to the total daily demand at that station. Survey sample was



representative of age, sex and income level of Pax (details in Chapter 9). The min use of the analysis was
to study the O/D patterns of the passengers, and the likely shift to the future extension of Line-1.

Passenger Interviews at Roosevelt station are summarised in Table 2.2-1. The table shows the generation,
attraction and home zone of all passengers using the station. About 60% of the passengers lived near the
mass transit station areas. Of the remainder 32% lived in the MM area and only fewer than 2% lived in
the Line-1 extension areas. Therefore no further analysis of Roosevelt data was necessary as it is unlikely
to have any impact on the patronage of Line-lextension.

Table 2.2-1 LRT Passenger by Home Location at Line-1 Roosevelt Station

Area of Home Zone Generation | Attraction Home Zone % of Home
Zone Zone Zone

Line-1 Existing Station Areas 30,320 30,500 26,680 51%
Line-1 Extension Station Areas - - - 0%
Line-2_ All Station Areas 770 320 580 1%
Line-3 Station Areas 4,350 4,380 3,870 7%
North of Metro Manila (NCR) 3,530 370 3,950 8%
Metro Manila 13,590 15,590 16,750 32%
Las Pinas - 180 180 0%
Cavite - 1,040 360 1%
Rizal & Other Areas - 180 180 0%

Total Person Trips 52,560 52,560 52,560 100%

Survey by TTPI & JICA Study Team Analysis

In depth analysis of the data of other three stations (Baclaran, EDSA and Taft) which lie with a km of
each other involved processing of some 373,000 passenger boarding and alighting. Of these passenger
trips about 20% per cent of passengers are residents of Las Pinas and Cavite areas. Baclaran station
attracted most residents. However, of the 178,000 boarding & alighting at Taft station 33% (58,000) trips
had O/D in Las Pinas or Cavite area, compared with 19,000 trips at Baclaran and 46,000 at EDSA were to
or from Cavite areas. This adds up to about 123,000 (33%) of the trips at these three stations had origin or
destination in the Cavite area. About 40~45% of these passengers travelled by Jeepney to these stations,
and those who used the bus was in similar proportion, albeit higher proportions to/from Taft and EDSA
than to/from Baclaran. This goes to show that there are a considerable number of current LRT&MRT
passengers who use other public transport modes to travel to these stations and then use the mass transit
lines to complete their daily journey mostly in the vicinity of Line-1 and other mass transit station areas
or within MM.

The total passenger O/D combined for these three stations are summarised in Table 2.2-2 below. Once
the LRT extension to the south is built, it is highly likely that these passengers would use the LRT
extension directly to reach their destination. Those using the MRT-3 (at Taft) would also switch to the
Line-1 extension and transfer at EDSA. In order to make this routing more desirable and maximise the
patronage on the extension, it is pertinent that the extension stations are well planned, and transfer to
other lines/ modes in the MM area is improved.



Table 2.2-2 Passenger @ Baclaran, EDSA and Taft Stations

by Trip O/D and Home Locations

Area of Home Zone Generation | Attraction Home Zone % of Home
Zone Zone Zone

Line-1 Existing Station Areas 121,000 132,600 91,700 25%
Line-1 Extension Station Areas 16,200 - 13,000 3%
Line-2_ All Station Areas 1,700 35,000 17,300 5%
Line-3 Station Areas 21,300 74,300 30,600 8%
North of Metro Manila (NCR) - 7,200 7,100 2%
Metro Manila 89,000 118,600 141,100 38%
Las Pinas 6,000 - 3,600 1%
Cavite 117,800 - 62,700 17%
Rizal & Other Areas - 5,300 5,900 2%

Total Person Trips 373,000 373,000 373,000 100%

Survey by TTPI & JICA Study Team Analysis

2) Road Traffic Count, Vehicle Occupancy and Passenger Interview Surveys

The road traffic surveys involving 100% sample of Manual Classified Counts (MCC) and sample of vehicle
occupancy counts were conducted at nine (9) locations in both direction of travel. In addition, passenger
O/D surveys were also conducted at one location (Station 11). The survey locations were selected to
understand the likely demand that would transfer from road to the potential extension along Line-1
extension corridor. Stations 1, 2 &3 data analysis has been described in Line-2 report. Here results of
Stations 4-12 are discussed. All survey locations are listed below in Table 2.2-3. All vehicles were counted
under 11 categories and are listed in Table 2.2-4, along with Types of surveys which excluded unnecessary
data collection.

Table 2.2-3 Traffic Volume, vehicle occupancy and Passenger O/D Survey Locations

Stﬁg?n Location Description
1 Marcos Highway (West of Sumulong Highway Junction) — Also O/D Surveys
2 Marcos Highway (Between F. Mariano Av. & A. Rodriguez )
3 Marcos Highway (West of Santolan LRT Station on Footbridge )
4 Rizal Avenue (Between Tyumen Rd and Francis P Yuseco Rd)
5 Taft Avenue (Between Vito Cruz and Sen. Gil Puyat Avenue)
6 Roxas Blvd (Between Airport Rd and NAIA Rd — Opposite Aseana Avenue)
7 Cavite Expressway @ Tambo Bridge
8 Quirino Avenue @ Dongalo Bridge
9 Ninoy Aquino Avenue @ Imelda Bridge
10 Evangelista St. Just west of Niog Rd Junction
11 Aguinaldo Highway (Between Niog St and Molino Blvd) — Also O/D Surveys
12 Molino Blvd — North of llang-Ilang




Table 2.2-4 Vehicle Categories by Vehicle Type and Survey Details

. - Vehicle

No. Vehicle Type Description Occupancy O/D Surveys
1 | Cyclo/ Motorcycle/ Tricycle All Occupants No
2 | Private Car/ Sedan/ Open Back All Occupants Yes
3 | SuVv All Occupants Yes
4 | Public Taxi All Occupants Yes
5 | AUV —Public FX All Occupants Yes
6 | Jeepney All Occupants Yes
7 | Mini-Bus All Occupants Yes
8 | Local Public Bus (Air Con or Other) All Occupants Yes
9 | Long Distance (Provincial) Bus All Occupants Yes
10 | Delivery vehicles, 2-axle trucks, Other 2-Axle vehicles (No Occupancy & O/D)
11 | Trucks or Other Goods Vehicles with 3 or more axles (No Occupancy & O/D)

The goods vehicle volumes were recorded to get estimate of total traffic on the road. The reason for not
including the 2/3 wheel vehicles in the O/D surveys was that most of the trips are of very short distance and
usually involve using another mode at the end. Such surveys do help to provide insight into feeder Pax
volumes, but not to provide estimate of future patronage of mode in a new area. However, when estimating
total passenger volume at any location, account was taken of the Pax volumes using 2/3 wheel vehicles,
private or public. Surveys at Station 4 & 5 were conducted to ascertain current mode share of LRT Line-1 at
these locations. This analysis is summarised in Table 2.2-5 below. In both cases, in this inner city area the
traffic volume is mostly of public transport vehicles with limited number of private vehicles. The person
trip analysis shows that the LRT patronage commands over 60% of passengers in the corridor. A very high
level of public transport usage, however the percentage is not fully reflective of all traffic in the north/south
corridor as traffic from other parallel routes is not included.

Table 2.2-5 Traffic Volume (Person & Vehicle Trips) at 2 Survey Stations, June 2012

Person Trips by Mode _STATION 04 STATION 05
Rizal Av. (2-Way) Taft Av. (2-Way)

Private (Incl. 2/3 Wheel) 18,400 5% 10,900 3%
Taxi & FX 900 0% 8,600 2%
Jeepney 113,600 30% 56,400 15%
Bus - 0% 64,100 17%
Sub-total Public 114,500 30% 129,100 34%
LRT (2012) 246,700 65% 243,900 64%
Public + LRT 361,200 95% 373,000 97%
Total (Private + Public) 379,600 100% 383,900 100%

Note: Station-04 LRT Daily Line Pax are between: Bluementrit - Tayuman Stations & Station-05 LRT
Daily Line Pax are between Gil Puyat - Vito Cruz Stations (Average Weekday Volume in Mar-2012)

. . STATION 04 STATION 05
ViEIBIE 1l a3y Meels Rizal Av. (2-Way) Taft Av. (2-Way)
Private (Incl. 2/3 Wheel) 10,900 51% 5,800 36%
Taxi & FX 500 2% 2,900 18%
Jeepney 10,100 47% 5,100 32%
Bus - 0% 2,100 13%
Sub-total Public 10,600 49% 10,100 64%
Total (Private + Public) 21,500 100% 15,900 100%

Survey by TTPI & JICA Study Team Analysis

Similar analysis was also carried out at three locations along the Line-1 extension corridor. Starting from
the south survey stations 10, 11 & 12 formed a complete screenline just north of the proposed Niyog

2-9



station (Last station on the Line-1 extension) location. Stations 7, 8 &9 also formed a screenline (by the
river) across the three major highways from the south (all survey locations are depicted in the Survey
Report). The 2012 traffic along these highways was recorded. For a like-with-like comparison traffic was
factored up to 2016 (the 1* full year of the Line-1 Extension operation) by assuming a modest (traffic in
the south has been increasing at much higher rates, however as the roads are reaching capacity — limited
growth is assumed) 3% per annum growth to the 2016 LRT extension forecast along the same section of
the highway. However for comparison with the LRT person trip volume the highway person trips have
been reduced by 90% of the corresponding LRT demand (assuming 10% of the LRT volume would be
generated walk-in demand not part of the highway demand.

Similarly the vehicle volumes have also been reduced to reflect the diversion to the LRT. The mode share
assumed was based on the Line-1 & Line-2 existing mode share at other location, and was estimated to be
about 5% from private mode, 10~15% from Taxi & FX, 25~30% from Jeepney and buses at Stations
07-12, depending upon the location and volume of each mode using that route. At Station-06 the mode
shift from Jeepney & buses was estimated to be much higher around 45~55% as in the inner city area the
LRT speed would be much more attractive and the additional time savings would attract more passengers.
These mode share figures compare favourably also with the mode share observed at station 4 & 5 along
Line-1 and at Statio-03 along Marcos Highway when compared with the current Line-2 volumes north of
Santolan station.

The LRT Line-1 Extension demand has been presented in full in the following section. Similarly the
demand is also compared farther north and closer to Baclaran with the traffic volume along Roxas
Boulevard, where the demand is highest along the extension section of Line-1. The comparison and mode
share of LRT Line-1 extension at these locations as summarised in Table 2.2-6 demonstrates that the
2016 forecast patronage at these sections is a reasonable estimate, which is based on the increase of
222,000 Pax (Boarding) on an average weekday day, after the full opening of Line-1 Extension and
enhanced available capacity on the existing section of Line-1.

Table 2.2-6 Forecast (2016) Traffic Volume (Person & Vehicle Trips) at 3 Locations

Person Trips by STN. 10-12 STN. 07-09 STN. 06

Mode (2-way) North of Niyog Across River Roxas Bulvd.
(IncI.PZr;\?:a\;\E;heel) 121,700 27% | 221,500 34% | 94,800 19%
Taxi & FX 14,500 3% 54,000 8% 41,500 9%
Jeepney 88,700 20% 95,000 14% 37,700 8%
Bus 133,700 30% | 172,200 26% 90,900 19%
Sub-total Public 236,900 53% | 321,200 49% | 170,100 35%
LRT (26-Jun-12) 89,400 20% | 118,200 18% | 222,600 46%
Public + LRT 326,300 73% | 439,400 66% | 392,700 81%
Total (Priv.+Pub.) 448,000 100% | 660,900 1009% | 487,500 100%

Note: The LRT Line-1 Extension 2016 demand for Stations 10-12 is forecast between Niyog and
Talaba Station; For Stations 7-9 is compared with LRT demand between Ninoy Aquino and Asia World
Stations, whereas at the Station 06 demand is between Redemptorist and Baclaran Station

Vehicle Trips by STN. 10-12 STN. 07-09 STN. 06
Mode (2-Way) North of Niyog Across River Roxas Bulvd.
(IncI.PZr;\?:a\;\e/heel) 64,240 81% | 104,300 78% | 41,990 71%
Taxi & FX 3,110 4% 13,160 10% 10,490 18%
Jeepney 8,310 10% 12,350 9% 3,900 7%
Bus 3,670 5% 3,280 2% 2,790 5%
Sub-total Public 15,090 19% 28,790 22% 17,180 29%
Total (Priv+Pub) 79,330 100% | 133,590 100% 59,170 100%

Survey by TTPI & JICA Study Team Analysis
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2.2.4 The Patronage and Revenue Stream Forecasts for 30 Years

The peak, average weekday, and annual patronage forecasts would be prepared for both Line-1 extension
to the south (10 stations) to Niyog, and Line-2 extension to the east (2-stations) to Masinag. The
patronage demand will be for each station boarding and alighting by direction of travel (see Volume 1 &
2, Appendix C for details of lines 1 & 2 patronage forecasts respectively). This would also provide the
PPHPD volume for each section of the line — peak values would be used to determine the future
operational headways and related rolling stock requirements.

This method also yielded Pax-km travelled on the line. The previous work on the estimation of fare-box
revenue is on distance based fares. Hence this approach would provide a direct estimate of fare-box
revenue from the patronage and the Pax-km travelled.

The annual revenue estimate would be based on the analysis of LRTA daily and annual ridership data of
previous years. Previous studies have used different annualisation factors ranging from 300 to 330
equivalent average weekdays. The analysis of the latest LRTA daily ridership data of 2011 has been used
for the estimation of more reliable annualisation factor and hence better estimate of future revenue
stream.

2.2.5 The Limitations and Advantages of this Simplified Approach

It is clearly understood by the JICA study team that the approach has limitations, such as that full scale
demand modelling is not used for demand forecast purposes. However, as explained above, a
considerable work has been done, documented and reported using such models. Therefore, in this study,
full and extensive use has been made of the past work, and it is felt that repeating the same exercise
would not necessarily provide better/ more reliable patronage forecast.

Furthermore, full scale demand modelling is very data hungry; particularly database like that collected by
the MMUTIS study during late 1990°s would be required. However, it is best to rely on the latest
modelled results, which in any case are mostly based on the MMUTIS database, but have been validated/
updated using as recent as 2010/ 2011 & now with the JICA 2012 survey data.

The use of previously forecast result as a base case would also provide resources to be more focused on
updating the ‘preliminary’ forecasts, prepared earlier for this project rather than start afresh. It is also
proposed that ‘bench-marking’ of patronage and revenue forecasts would be made by comparing the
previous forecasts and actual patronage, like on Line-1 north-east extension to Roosevelt. This would
provide the added confidence in the reasonableness and reliability of the forecasts prepared for the Lines
1 & 2 extension projects.

2.3 Demand Forecast
2.3.1 Total Daily (Average Weekday) Passenger Demand

The average weekday demand forecast prepared by the study team is compared below in Figure 2.3-1
and presented in Table 2.3-1. It can be seen that the Halcrow ‘Base Case’ forecasts are much lower than
that of JICA Study Team, because the Halcrow demand model is based on the calibration of the demand
model to the 2000-2004 patronage. At that time the Line-1 patronage was suppressed due to lack of
capacity, and was at its lowest level since early 1980°s. Hence the Halcrow demand forecast of the
existing Line-1 had been under estimated. The average weekday Halcrow forecast for the existing Line-1
was 376,800 Pax, compared with the actual LRTA reported patronage of 472,400 Pax in 2010. This
shows that the Halcrow forecast did not fully take account of the Line-1 increase in demand due to
capacity expansion, and therefore Line-1 demand is un-necessarily supressed. It should also be noted that
the Halcrow demand estimate does take account of the Line-1 extension to the north-east, albeit it was
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included in the demand model as an extension of Line-3 to Monumento, which has further increased the
patronage on the existing Line-1.

The JICA Study Team demand forecast is based on the existing Line-1 patronage of 2011 projected to
2015, plus the increase in demand due to full opening of south extension forecast by Halcrow of 220,000
Pax per average weekday. This demand estimate just for the south extension part of Line-1 is about 15%
lower than the DBP/IFC-2012 demand forecast for Line-1 extension of 253,674 Pax i.e. an increase from
566,715 to 820,389 Pax (Source: DBP/IFC Progress Report January 2012, P-62). The main reason for
adopting the Halcrow forecast growth is that it is more plausible than DBP/IFC forecast, as it is unlikely
that DBP/IFC patronage forecast of Line-1 of 566,715 Pax by 2015, an increase of over 19%, in the next
four years (2011 to 2015), without extension, could be realised. Whereas it should be noted that the
patronage on Line-1 has reached a plateau (Figure 2.3-1), and would not continue to grow at the same
rate of growth as in the past without further capacity expansion.

The JICA Study Team demand forecast for the earlier years are generally based on Halcrow demand
forecast growth rates, but have been adjusted to take account of slower development growth in the south
(immediate hinterland in the alignment corridor area is generally less densely populated). The Halcrow
forecast of constant growth rate (0.74% p.a.) for the longer term from 2030 and beyond was also adjusted
to a declining rate of growth as Line-1 would approach capacity. The demand forecast growth rates and
resultant average weekday patronage results are summarised in Table 2.3-1.

The DBP/IFC constant growth rate of 3% per annum from 2015 appears to be an overestimate, given that
the DBP/IFC forecast for Line-1 south extension patronage is about 15% higher than Halcrow. Hence, the
JICA Study Team estimates of average weekday patronage forecast are prudent. Its forecast fully takes
account of the latest patronage of Line-1 (including north-east extension), and are based on reasonable
assumptions/ adjustments rather than based on a single or a constant growth rate. This has been further
confirmed by the comparison of the JICA forecast with the recent survey data. The final patronage
demand forecast adopted for system requirements, revenue estimate and project economic and financial
evaluation purposes, and are illustrated in Figure 2.3-1, and summarised in Table 2.3-1.

LRT Line-1 Past Trends and Interim JICA Daily Patronage Forecast
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Source: JICA Study Team
Figure 2.3-1 Average Weekday Patronage (Pax ,000) Forecast by JICA Study Team & Others
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Table 2.3-1 Average Weekday Patronage (Pax) Forecast by JICA & Others

LRTA JICA JICA With
Year Comments & Assumptions Without South
Data . .
Extension | Extension
2001 333,200
2002 324,300
2003 325,000 e
2004 293,500 | Growthin
2005 | LRTA DATA Converted to Average Weekday Patronage 317,500 | the Existing Partial
2006 Using a Factor of 330 Days per Year (Annual Factor 337,600 | Section of e i
2007 Estimated from the Daily Ridership Data of 2011) 361,000 | LineDueto |, /o e
2008 418,300 | Increasein |- cion
Capacity .
2009 452,900 Opening by
2010 472,400 2016
2011 475,500
2012 JICA Projection Using Average of Last 10 Year (2001-2011) 492,700 492,700
2013 Growth of 3.62% p.a. for 2012; and then a Conservative 507,500
2014 Estimate of 3.0% Declining to 2.0%pa by 2014. 517,700
2015 525,500 650,700
Add Halcrow 'Base Case' Growth in Line-1 Demand Due to Full|
Opening of Extension by 2016 (220,000 Pax). Also Limited
2016 Growth on the Existing Section Due to Decline in Demand at 528,600 750,600
Baclaran, which will Shift to the New Stations of the Extension
Used Halcrow 'Base Case' Av. Growth Rate of (3.04%) of 3
2020 Years After Opening, and Adjusted for Now Full Opening in 561,100 831,200
2016, and Applied (2.6%) for the Next 4 Years: 2016 to 2020.
Used Halcrow '‘Base Case' Av. Growth Rate (2.04%) of Next 5
2025 Years, and Adjusted & Applied (1.6%) for the Next 5 Years: 586,800 899,900
2020 to 2025.
Used Halcrow '‘Base Case' Av. Growth Rate of (0.74%) of the
2030 Next 5 Years, and Adjusted & Applied (1.1%) for the Next 5 604,600 950,300
Years: 2025 to 2030.
Adjusted Halcrow Constant Growth Rate of (0.74%) of the Next
2035 |5 Years, and Estimated & Applied (0.84%) for the Next 5 Years: 618,300 990,700
2030 to 2035.
Adjusted Halcrow Constant Growth Rate of (0.74%) for
2040 | Following Years, and Estimated & Applied (0.56%), A Modest 627,600 1,019,000
& Declining Growth Rate for the Next 5 Years: 2035 to 2040.
Adjusted Halcrow Constant Growth Rate of (0.74%), and
2045 |Applied (0.40%), A Modest Growth Rate for the 5 Next 5 Years, 633,500 1,039,800

as Demand Approaches Capacity - 2040 to 2045.
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2.3.2 Patronage Forecast — Annual and Peak Factors
1) Annualisation Factor

In order to estimate the annual patronage the LRTA 2011 daily data for both lines 1 and 2 was analysed.
The data shows a considerable difference in demand during the working days (Monday to Friday) and the
weekends (Saturday and Sunday). The 2011 daily passenger boarding for Line-1 are summarised in Table
2.3-2 below, and the daily variations are depicted in Figure 2.3-2. As the demand is estimated for average
weekday, a factor is required to convert the daily demand to annual demand and hence the annual revenue.
Form Line-1 data analysis the annual factor is calculated to be 329.6, or say 330. Similarly, annual factor
form Line-2 data was calculated to be 331.2 or say 330.

It may also be argued that as population gets more prosperous there would be more leisure trips, likely to
be in the evenings or over the weekends. This may have impact on the annual factor. However, for
simplicity and not to overestimate annual demand a factor of 330 was used for both Lines 1 and 2. In
comparison, Halcrow had adopted an annualisation factor of 300, DBP/IFC-2012 forecasts had used a
factor of 320, and SNC-Lavalin study used an annual factor of 330.

Table 2.3-2 Calculation of Annual Factor from Line-1 2011 Patronage Data

Day of Week No of Days | Total Boarding Average Boarding
Monday 52 24,699,546 474,991
Tuesday 52 23,962,029 460,808
Wednesday 52 25,312,202 486,773
Thursday 52 24,114,267 463,736
Friday 52 25,688,324 494,006
Saturday 53 19,331,506 364,745
Sunday 52 13,819,595 265,761

Total 2011 365 156,927,469 429,938
Week-days
(Mon~Fri) 260 123,776,368 476,063
Annual Factor = Total Annual Boarding/ Average Weekday Boarding
=56,927,469/476,063 = 329.64 =330.

Source: LRTA Data, Estimate by JICA Sudy Team

% of Average Daily Pax - Line-1 (2011)
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Source: JICA Sudy Team
Figure 2.3-2 Daily Variations in Patronage Line-1 (2011)
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2) Peek Factors

The peak hour travel demand is used to estimate operational headways and related rolling stock
requirement necessary to meet the peak patronage demand. The peak demand in any given system varies
by direction of travel, and by time of day. The peak demand tend to be more pronounced in the morning
period than the in the evening, whereas in the evening peak demand extends over a longer duration. The
peak demand also tends to be directional, and may vary according to the section of the line on a transit
system, and depends upon a number of factors such as location of work or school places in relation to
homes.

LRTA passenger boarding/ alighting data by direction of travel was analysed for average weekday of
March 2012 (most recent data available). Figure 2.3-3 shows the percentage of trips by time of day in
March 2012. It can be seen that the demand is highest (9.9% of total daily trips) in the morning between
07:00 to 08:00 in the southbound direction, and in the evening the peak is 9.5% of daily northbound
demand between 17:00 to 18:00. These peak proportions may seem to be on the high side in relation to
the road traffic, but in fact in some cities the peak demand on transit systems is even higher and could be
as high as 13% of the daily demand.

The demand in the morning peak is the highest between 07:00 to 08:00 therefore the passenger boarding/
alighting, line loading for this hour of the day has been used to calculate peak hour demand for all further
analysis. In addition it should be understood that a single peak factor cannot be used, as peak factor may
vary by station, section of the line, and direction of travel. Therefore peak factors were computed for the
entire travel (station-to-station) matrix for both Lines 1&2. The methodology adopted used the peak hour
demand (boarding and alighting by direction of travel) and daily station-to-station matrix to compute peak
hour station-to-station matrix. This process used CUBE (state-of-the-art demand modelling) software,
and matrix ‘Furness’ process. The peak hour to daily factors for each station-to-station demand were
estimated from the ratio of the two (peak to daily) matrices, and were used to compute future year peak
hour matrix, from the daily matrix. The peak hour station and line loadings are then directly derived from
the peak hour station-to-station matrix.
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Figure 2.3-3 Variations in Patronage by Time of Day, Line-1 (Av. Weekday, March 2012)
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2.3.3 Total Annual and AM-Peak Hour Passenger Demand

The average weekday demand forecast prepared by the study team has been discussed and presented
above in Section 2.3-1. The annual patronage demand used for the revenue estimates has been derived by
applying the annual factor to the average weekday demand. The annual demand has been summarised
below in Table 2.3-3 Detailed daily and peak passenger demand by station and peak line loading for each
of the forecast years is given in Appendix-C of this report.

Table 2.3-3 Summary of Line-1 Patronage Forecast (2012-2045)

Line-1 Extension to Niyog - Forecast of Passenger and Other Attributes
Description Unit | 2012 | 2015 | 2016 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045
Average Week Day Boarding (Without Extension) Pax 492,700 | 525,500 | 528,600 | 561,100 | 586,800 | 604,600 | 618,300 627,600 633,500

Increase in Daily Patronage (Av. Week Day) Pax - 125,200 | 222,000 | 270,100 | 313,100 | 345,700 | 372,400 391,400 406,300

Total Patronage with Extension (Av. Week Day) Pax 492,700 | 650,700 | 750,600 | 831,200 | 899,900 | 950,300 | 990,700 | 1,019,000 | 1,039,800

AM Peak Hour (0700-0800) Boarding Southbound Pax/Hr 24,200 | 29,700 | 32,900 | 36,100 | 38,700 | 40,600 | 42,200 43,200 44,000

AM Peak Hour (0700-0800) Boarding Northbound Pax/Hr 13,300 | 19,700 | 24,100 | 27,200 | 29,700 | 31,700 | 33,200 34,300 35,100

Total AM Peak Hour Boarding Both Direction Pax/Hr 37,400 | 49,400 | 57,100 | 63,200 | 68,500 | 72,300 | 75,400 77,500 79,100
AM-Peak Hour Boarings as %of Daily Boardings Ratio 7.59%] 7.59%| 7.60%| 7.61%| 7.61%| 7.61%| 7.61% 7.61% 7.61%
Maximum Station Boarding (AM-Peak Hour) Pax/Hr 7,700 9,100 9,800 | 10,600 | 11,300 | 11,800 | 12,200 12,400 12,600
Maximum Station Alighting (AM-Peak Hour) Pax/Hr 4,700| 5,600 6,000] 6500| 6,900 7,200 7500 7,600 7,700
Pax/Hr/Per Direction (AM-PK Hr 0700~0800) PPHPD | 19,700 | 23,800 | 26,000 | 28,400 | 30,500 | 32,000 | 33,100 | 33,900 | 34,500
Average Week Day Trip Length km 7.65 9.64 10.72 11.00 11.22 11.37 11.48 11.56 11.62

Annual Factor Days 330 330 330 330 330 330 330 330 330

Annual Passenger Pax million| 162.59 | 214.73 | 247.70 | 274.30 | 296.97 | 313.60 | 326.93 336.27 343.13

Annual Passenger*km million*km| 1,243.7 | 2,070.0 | 2,655.3 | 3,017.3 | 3,332.0 | 3,565.6 | 3,753.2 | 3,887.3 | 3,987.2

Source: JICA Sudy Team
2.4 Summary and Conclusions

The travel demand presented here is based on thorough analysis of LRTA data of past trends, through
analysis of recent traffic and passenger interview data and the current patronage of Line-1. The demand
forecasts are mostly based on past studies, with adjustments/ modifications, where possible, through
sound judgment and based on the considerable experience of the study team of such projects. These
forecasts have been reviewed again for reasonableness and compared against  the recently collected
traffic and travel demand data.

Extending Line-1 to the south would add ten stations to the existing twenty stations. The exiting Line-1
will be extended by about 12km, increasing its immediate catchment area by more than 60%. The
proposed ten stations would be located mostly on brown-field sites, and the surrounding areas are also
empty or agriculture land. However, major developments are anticipated in and around the proposed
station sites in early years, and further developments in the region as population grows. In addition, the
three proposed multi-modal terminals at: Dr. Santos, Zapote, and Niyog would attract passengers from
existing road based transport modes, and would also attract suburban commuters from surrounding areas
through feeder services.

It is anticipated that this would add about 220,000 (+40%) daily passengers to the existing Line-1
patronage after the “full’ opening of Line-1 by 2016. This estimated patronage increase may appear to be
‘high’, but given the travel time savings passengers from the south would benefit from is substantial,
when compared to the travel times on the congested coastal roads from the south, as shown above in
section on survey data. It should also be noted that currently over 123,000 Pax use Line-1 and MRT-3
from Baclaran, EDSA and Taft as estimated from the current passenger surveys. Therefore, the estimated
demand in four years with additional catchment area of 12km, is not excessive at all, if the stations are

2-16



accessible, well planned, mode-change at stations, mainly at the proposed 3 multi-modal terminals is
convenient, and most of all Line-1 current capacity is enhanced for the added comfort of the longer
distance travellers.

It is estimated that the patronage would continue to grow as the areas along the Line-1 extension
alignment would develop further over time, with increase in population beyond the full opening year of
2016. The development potential in the south is considerable, due to availability of land for high density
development. The patronage would also benefit from the integration of Line-1 into the areas south of
Metro Manila and extension into Cavite province through feeder services. Further integration of Line-1
with the Metro Manila mass transit network by running through services between Lines 1 & 3; providing
convenient transfer to/ from other LRT/MRT lines; and integrated public transport e-ticketing system
would further add to the Line-1 patronage.
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27-February 2012.

2. LRT1 South Extension Project, Updating of the FS / Project Implementation Program Study for
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4. Manila LRT Line 1 Extension Feasibility Study, Draft Report, Halcrow — August 2006
Feasibility Study, Manila LRT Line 1 Extension, Final Report, SNC-Lavalin — 1998.

6. JICA, Preparatory Study for LRT Line-2 Extension Project, by Oriental Consultants Co. Ltd; and
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7. Study of Manila LRT Line-2 East-West Extension Project in Philippines, for the Ministry of
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March 2010.

8. Line-2 West & East Extension Ridership Study Final Report, by Oriental Consultants Co. Ltd;
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CHAPTER 3 TRAIN OPERATION PLAN

3.1 Route Planning

Cavite extension section of Manila LRT Linel, extend to the south from Baclaran station in Metro Manila
Pasay city, which is about 12km route to the Niyog station in the Province of Cavite.

This route passes through the southwest coast of Metro Manila, promotion and development district
spread on reclaimed land in coastal area, residential area, and near the district of future large-scale
housing development area.

It will become possible to reach Metro Manila from the Southern suburbs near Niyog station. There is
little industrial district along the route.  Entire route is shown in Figure 3.1-1.

Figure 3.1-1 Entire Alignment of Line 1 Extension
The current status of each station and the main points is shown in Table 3.1-1.



Table 3.1-1 Current Status of Stations and the Key Points

Location

Characteristic

Baclaran Station

This station is the terminal station of existing Line-1 and is located in center of Pasay City.
Commercial facilities such as street vendors in front of the station area is concentrated and
congested with shoppers, jeepneys, and buses. (photo.1)

In the vicinity of this area has a large church and commercial facilities, it is a district within a large
number of people gather. Road width is approximately 15m. The bus terminal from the southern

near Ok+600m Manila regions near the crossing with ROXAS BOULEVARD, and it is very crowded with people
or automobile traffic. Orbit on the part of this intersection is a sharp curve of radius 100m.
This station is located in the coastal strip of Paranaque City, facing the ROXAS BOULEVARD and

Redemptrist Station | the development area of the along coast. This station is also located at the entrance of the ASEANA
BUSINESS PARK currently in development. (photo.3)

near 1k+500m The route on _the waterv_vay is located between the landfill of coastal and RO?(AS _BOULEVARD.
On the route is not particularly large obstacle and the route have a lot of straight line.
This station is located in the front of the UNIWIDE COASTAL MALL, facing the ROXAS

MIA Station BOULEVARD. The station is also close to NINOI AQUINO INTERNATIONAL AIRPORT and
that place is the intersection of a great deal of traffic on wide road. (photo.4)

near 3k+000m The route on the waterway is located between the landfill of coastal and ROXAS BOULEVARD.

The route is a straight line mostly and there is no big obstacle in particular.

Asia World Station

This station is located in the coastal strip of Paranaque City, facing the ROXAS BOULEVARD.
This station is also located at the entrance of the ASEANA BUSINESS PARK currently in
development. (photo.5)

The route passes over the ROXAS BOULEVARD and toward the east on the PARANAQUE

near 3k+800m RIVER. The route passes along the river and the characteristics of the route is that have a s-shaped
curve that have two consecutive curves of radius 100m in interval of approximately 900m. (photo.6)
Ninoi . This station is located in the downstream part of a Paranaque river, and is connected to south Ninoy
inoi Aquino . . - . - : : L
- Aquino Avenue from Ninoy Aquino International Airport. The circumference of this station is an
Station - - . ) -
area with many traffic and residential sections.
The route passes over the Ninoy Aquino Avenue from a Ninoy Aquino station and is extended to
near 5k+000m south. There is sufficient space for building a LRT structure on a road and the route resembles a

straight line.  The route passing through the bottom of the road that are planned for the future near
the Dr. Santos station is planned. (photo.7)

Dr. Santos Station

This station is located in the southwest part of Paranaque City and is located in the west side of the
large-sized supermarket SM CITY SUCAT which faced as C5 EXTENTION. There are plans to
collocated bus terminal as intermodal facility in front of the station.

near 7k+000m

The route will be extended to over the C5 Extension street from the Dr. Santos station. This
three-lane street is a new road. This street has many straight lines and the visibility is good.

Manuyo Uno Station
(Future)

This station is located in the northern end of Las Pifias City and has been planned construction to
over the C5 Extension street in the future. There are plans to develop a residential district on the east
side of this station.

near 8k+000m

The route turn west along the C5 Extension street and to reach the Las Pifias station. There are two
small waterways in the middle but it is considered there is no problem. (photo.9)

Las Pinas Station

This station is located in the northwestern part of Las Pifias City and planed near the QURNO
AVENU. Housing, university or church along the road are concentrated in this area.

As it approach the coast, the route passes through the district waterways and wetlands often. Some

near 9k+000m current landfill is progressing well and the route parallel to CAVITE EXPRESSWAY (CAVITEX)
at vicinity 500 meters short of the ZAPOTE station.
This station is located in the northern end of the Bacoor region in CAVITE Privince, close to the
Zapote Station CAVITE EXPRESSWAY (CAVITEX) .Although the swamp spreads out now, there is a plan to
build stations, a depot, and a intermodal facility (bus terminal) there.
The route intersects over the interchange of the CAVITE EXPRESSWAY (CAVITEX). Furthermore
near 10k+000m it passes near the small-scale seaport and toward Talaba region. There are many small-scale rivers

and ponds in this area.

Talaba Station
(Future)

This station is located at the northern end of Bacoor region in CAVITE Privince.This area is a relay
point of the road leading to western Bacoor region from CAVITE EXPRESSWAY (CAVITEX) and
there are some old residential area.

near 11k+000m

This route passes over the road leading to the Bacoor region. There is heavy traffic in the street and
space is wide.

Niyog Station

This station is located in the northern end of part of Bacoor region In CAVITE Province. The station
is a turning point of the road leading to a southern Bacoor region and a Dasmarifias region.
Intermodal facility (bus terminal) adjacent to the this station is planned to construct. The residential
section and university along a street are near a station. (photo.12)
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3.1.1 Route Review

In order to review the route alignment, several available documents were taking into consideration, some
for its direct description of the originally proposed alignment, others due to the latest specification on
track standards. The list of documents reviewed this time is following:

¢ Manila LRT Line 1 Extension Project Drawings (LAVALIN year 2001)
e LRT Line 1 North Extension Project - Package C Tender document
e Light Rail Transit Authority Tracks and Permanent Ways System.

Beside the above mentioned documents, recent modifications to the route alignment done by the PMO of
LRTA were also obtained in the form of individual files. Upon review of all documentation, and based
on modifications proposed by LRTA and this Study Team, the following four points have been modified
from the original Lavalin report.

1) Location of Redemptorist station

Initially, the Redemptorist Station had been planned before Baclaran Redemptorist Church to face Roxas
Boulevard as per the drawings collection of LAVALIN. However, further modification moved it
southbound before the district Boulevard 2000 Development, or about 600m from the initial position
according to information from LRTA. The original position of the station was proximity 500 mts. from
Baclaran station, but around 2km from next station, MIA Station, hence the balance of the distance
between the stations was not good.

In addition, a commercial building has already been constructed at the new location, and land
development there is ahead than the original location, thus, it is thought that the change of the station
location is reasonable.  The current location is shown in Figure 3.1-7.

o,
- 9

Figure 3.1-7 Location of Redemptorist Station
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2) Route near Parafaque River

According to the original route plan of LAVALIN, the alignment between Ninoy Aquino stations and the
Asia World station, would pass through the central part of the Parafiaque River. Generally, as for bridge
pier construction, since it is deep water and the central part of the river has the quick flow velocity, it is
desirable to avoid the central part of a river.  The reasons are shown below:

e Scouring occurs near the basic part of a bridge pier built in underwater.
e The collision power of flotsam is large at the time of a flood.
e  Awork burden is heavy at the time of construction of a bridge pier.

Thus, it is desirable to avoid the above-mentioned problem if possible here by changing a route into the
north-side slippage in a river. A recommended change in route is shown in Figure 3.1-8.

3) Location of Niyog station

In the drawings collection of LAVALIN for Cavite extension, the Niyog station was planned at the
western side of the Molino Boulevard. Since the bus terminal will be located at the east side of Molino
Boulevard, it was necessary to move it eastward to the center of the road (Molino Boulevard) to be side
by side with the bus station to facilitate convenience to passengers. This change was done by LRTA, and
the changed alignment is shown in Figure 3.1-9.

4) Location of Depot
According to the original route plan of LAVALIN, the satellite depot was planned at the sea side (west) of
the main line. However, due to the negative impact of sea salt air on the vehicles, the satellite depot

would be eventually planned at the mountain side (east) of the main line.

Therefore, as for a Satellite base, it is desirable to build at the west side of the main line based on the site
information on LRTA. The change in the location is shown in Figure 3.1-10.
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3-10



[P
AL o o

yF
Sl B e

Dt e

Figure 3.1-10 Location of Satellite Depot

3-11



3.2 Train Operation Plan

3.2.1 Demand

The demand for the determination of the train operation plan is defined by the parameter pphpd, defined

herewith as the maximal line load during the peak hour per direction.

of the pphpd for milestone years, based on demand forecast results from Chapter 2 of this report.

Table 3.2-1 Demand for Line 1

Table 3.2-1 shows the summary

2015 2016 2020 2025 2030 2035 2040 2045
Daily passengers | 650,700 | 750,600 | 831,200 | 899,900 | 950,300 | 990,700 | 1,019,000 | 1,039,800
PPHPD 23,750 26,000 28,439 30,478 31,955 33,127 33,942 34,524

Source: Study Team, Chapter 2, Table 2.3-3

3.2.2  System Capacity

1) Train Configuration

Figure 3.2-1 shows train configuration of existing Line 1 rolling stock. The First generation train

consists of 3 cars and each car has 2 articulation and 3 bodies.
consist of 4 car and each car has 1 articulation and 2 bodies.

1st Generation
> > <
[ ] Y N Y ] \
OO0 OO OO0 OO0 OO0 OO OO OO0 OO0 OO OO0 OO

2nd gand 3rd Generation Train

< < < >

[ | V | V
[ON®) [ON©) OO0 OO0 [ON©) OO0 OO OO0 OO0 OO0 OO0 [ON©)

Figure 3.2-1 Existing Rolling Stock Configuration
2) Transportation Capacity

Train capacity of each type of train and number of train sets are as follows.

1st Generation 1,122 21 train sets
2nd Generation 1,358 7 train sets
3rd Generation 1,384 12 train sets

Average train capacity of those trains is 1211 persons.

The Second and Third generation trains

In the current condition of existing depot it is possible to stable 40 trains because 15 of the 25 tracks can

accommodate two (2) 1G trains, but it is not possible to do it with 2" or 3 generation trains.

Hence, if

new trains are replaced with same length (configuration) with 2" and 3" generation trains, the number of

trains able to be stabled in existing depot will be reduced to only 30 trains in the future.

This matter

would have to be considered in the future when depot stabling capacity will be a restriction for the required
fleet. Meanwhile, it is considered that the 4™ Generation fleet can be similar to the 3™ Generation fleet.

Passenger capacity of 3" generation train is 1,384 so we could assume that the average capacity of trains
will be close to 1313. To simplify the calculation 1300 passengers is used for transportation capacity.
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Transportation capacity at peak our per each head way becomes as follows.

Table 3.2-2 Transportation Capacity per Headway

Headway 3min 2min30sec 2minl5sec 2min
Number of trains per hour 20 24 26.7 30
Passenger capacity 26,000 31,200 34,710 39,000

Based on demand forecast and train capacity, operation headway of peak hour of each year shall be as

follows.

Table 3.2-3 Peak-hour Headway at Key Years

2015 2016 2020 2025 2030 2035 | 2040 | 2045
PPHPD 23750 | 26,000 | 28439 | 30478 | 31,955| 33127 | 33,942 | 34524
Headway 3.25min | 2.5min | 2.5min 2.5min 2.5min 2min 2min 2min
Transportation | ») 764 | 31900 | 31200| 31,200 31,200 39,000 | 39,000 | 39,000
capacity/hour

Source: Study Team

At the first stage operation may start when the construction is completed up to Dr. Santos station. North
end is assumed be still at Roosevelt station at this stage. Satellite depot is planed beside Zapote station
that is still far from Dr. Santos station therefore expansion of existing depot is required by this stage. At
this stage the minimal headway necessary would be 3 minutes.

In the next stage construction will complete up to Niyog but two stations Manuyo Uno station and Talaba
station will not constructed in this stage. In the third stage north extension will be extended to common
station so that Line 1 will connect with Line3. In future stage two additional stations will be opened and
headway will be minimized to 2 minutes. Table 3.2-4 indicates the condition of each Phase.

Table 3.2-4 Phase and Headway

Headway Description Year
. Phasel | 3minl5sec | Open the line up to Dr. Santos 2015
Opening - -
of South _ Open thg line up to Niyog
E - Phase2 | 2min30sec | Two stations (Manuyo Uno and Talaba) are not constructed. | 2016
xtension A )
North extension is connected to common station
st nd f 5 .
Phasel | 2min30sec Replacement of 1°" and 2™ Generations’ rolling stock 2025
Future Mlanuyo Uno and Talaba are opened.
. Ultimate Stage,
PhaseZ | 2min additional rolling stock 2035
3.2.3 Operation Schemes
Currently north terminal is Roosevelt station but it is planned to extend to Common Station. Following

table indicates the operation pattern of each phase, pattern, and case.
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Table 3.2-5 Operation Patterns of Each Phase

Cases Headway Operation pattern
Opening of | Phasel ir5nslenc O O
South Roosevelt Dr. Santos
Extension O O
Phase2 | 2.5min i
Common station Niyog
. O O
Future 2min Common station Niyog

Currently track of north extension is physically connected to Line 3 but train operation is limited to
Roosevelt station. However, this station was not designed to be a terminal station, and its turn back
facilities only allow a minimal headway of 3 minutes. It is planned to provide Common Station between
Roosevelt and North Avenue so that trains of both line will come to Common Station and passengers can
easily transfer from one line to the other, and vice versa.

3.2.4 Travelling Time

Traveling time is calculated by simulation based on the route data indicated in Figure 3.1-1 and train
performance of 3" generation train.

Regular running time is assumed based on simulated traveling time with adding margin time for
contingency and rounded up every 5 seconds. Table 3.2-6 indicates the regular running time of south
bound train and Table 3.2-7 indicates the regular running time of north bound train. Dwell time at each
station is assumed 40 second based on the condition of capacity expansion project. The maximal speed
is assumed to be 60kph under the consideration that track rehabilitation would be completed by that time
(end of 2015).
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Table 3.2-6 Regular Running Time (south bound)

Station Dwell TimgRunning Time{  Arrival Departure
Common Station —— 0:00:00
Rosevelt 40 1:05 0:01:05 0:01:45
Balintawak 40 2:25 0:04:10 0:04:50
Monumento 40 3:00 0:07:50 0:08:30
5th Avenue 40 1:35 0:10:05 0:10:45
R. Papa 40 1:25 0:12:10 0:12:50
Abad Santos 40 1:05 0:13:55 0:14:35
Blummentritt 40 1:35 0:16:10 0:16:50
Tayuman 40 1:05 0:17:55 0:18:35
Bambang 40 1:00 0:19:35 0:20:15
D. Jose 40 1:05 0:21:20 0:22:00
Carriedo 40 1:05 0:23:05 0:23:45
Central 40 1:10 0:24:55 0:25:35
UN Avenue 40 1:40 0:27:15 0:27:55
Pedro Gil 40 1:10 0:29:05 0:29:45
Quirino 40 1:15 0:31:00 0:31:40
Vito Cruz 40 1:15 0:32:55 0:33:35
Gil Puyat 40 1:30 0:35:05 0:35:45
Libertad 40 1:10 0:36:55 0:37:35
EDSA 40 1:30 0:39:05 0:39:45
Baclaran 40 1:00 0:40:45 0:41:25
Redemtrist 40 2:50 0:44:15 0:44:55
MIA 40 1:15 0:46:10 0:46:50
Asia World 40 1:50 0:48:40 0:49:20
Ninoy Aquino 40 2:25 0:51:45 0:52:25
Dr. Santos 40 2:15 0:54:40 0:55:20
Manuyo Uno 40 1:20 0:56:40 0:57:20
Las Pinas 40 1:30 0:58:50 0:59:30
Zapote 40 1:35 1:01:05 1:01:45
Talaba 40 1:50 1:03:35 1:04:15
Niyog 1:25 1:05:40 ——

Source: Study Team
In the initial stage Manuyo Uno and Talaba stations will not be constructed.

In case without 2 stations running time between Dr. Santos and Las Pinas becomes 2min.25sec. and
running time between Zapote and Niyog becomes 2min.55sec. for both direction and total running time
becomes 1hour3min35sec for south bound and 1hour3min.50sec. for north bound. The turnaround time
at terminals is estimated at 5 minutes, and then the total loop time of one single train would be 132
minutes between Niyog and Common Station, without the Talaba and Manuyo Uno stations.
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Table 3.2-7 Regular Running Time (north bound)

Station Dwell TimgRunning Time{  Arrival Departure
Niyog —— 0:00:00
Talaba 40 1:20 0:01:20 0:02:00
Zapote 40 1:50 0:03:50 0:04:30
Las Pinas 40 1:35 0:06:05 0:06:45
Manuyo Uno 40 1:30 0:08:15 0:08:55
Dr. Santos 40 1:20 0:10:15 0:10:55
Ninoy Agquino 40 2:20 0:13:15 0:13:55
Asia World 40 2:05 0:16:00 0:16:40
MIA 40 1:50 0:18:30 0:19:10
Redemtrist 40 1:15 0:20:25 0:21:05
Baclaran 40 2:40 0:23:45 0:24:25
EDSA 40 1:00 0:25:25 0:26:05
Libertad 40 1:30 0:27:35 0:28:15
Gil Puyat 40 1:10 0:29:25 0:30:05
Vito Cruz 40 1:30 0:31:35 0:32:15
Quirino 40 1:15 0:33:30 0:34:10
Pedro Gil 40 1:15 0:35:25 0:36:05
UN Avenue 40 1:10 0:37:15 0:37:55
Central 40 1:50 0:39:45 0:40:25
Carriedo 40 1:10 0:41:35 0:42:15
D. Jose 40 1:05 0:43:20 0:44:00
Bambang 40 1:05 0:45:05 0:45:45
Tayuman 40 1:05 0:46:50 0:47:30
Blummentritt 40 1:05 0:48:35 0:49:15
Abad Santos 40 1:25 0:50:40 0:51:20
R. Papa 40 1:05 0:52:25 0:53:05
5th Avenue 40 1:25 0:54:30 0:55:10
Monumento 40 1:35 0:56:45 0:57:25
Balintawak 40 3:30 1:00:55 1:01:35
Rosevelt 40 2:25 1:04:00 1:04:40
Common Station 1:10 1:05:50 -——

3.25 Track Layout at the Terminal

In the train operation plan track layout of terminal is considered as follows.

a) North Terminal

At initial stage Roosevelt station will be the north terminal.

The train will go about 700 m to east after
evacuating the passengers at the station to turn back. This station and the track layout were not designed

for terminal station, and severe limitation of shorter headways is present for this station

to south €+— |

AN

Roosevelt station

Figure 3.2-2 Track Layout of North terminal (Roosevelt)
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The Common Station is planned for exchange of passengers with Line 3. Figure 3.2-3 indicates the
location of common station.  As there is a prominent slope from Roosevelt station to west of common
station, and to the east of the proposed location of the Common Station there is tight curve, the proposed
site is the only location to construct said station.

t Pl ; I

¥

Figure 3.2-3 Location of Common Station

Figure 3.2-4 indicates the planned track layout of common station.

to south +— | Line 3Platform | Y‘Line 3
AN N

N / \

Line 1 Platform

Common station

Figure 3.2-4 Planned Track Layout of North terminal (Common Station)

Considering the operation and frequency track layout is not suitable. Recommended track layout of
common station is indicated in following figure. There is no enough space for constructing pocket
tracks for stabling but siding track is extended so that one train can be stabled.
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to south +—
Line 3 Platform \ \toALine 3

ANEEAN N\

\ Line 1 Platform | \

Common station

Figure 3.2-5 Recommended Track Layout of North terminal (Common Station)

b) South Terminal (Niyog)

To make the operation more flexible draw out track is recommended to install behind the terminal station.
Draw out track will be used as main line when the line is extended to south.

draw out track | | — to north

Figure 3.2-6 Track Layout of South Terminal
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Track layout of entire line of Line 1 combined with existing and extension is indicated in Figure 3.2-7

L1 L1 L1\
\ \
L1 1 N[
Balintawak Roosevelt Common Station Line 3
L1 L1 1 I | I |
A\ A\
— — — | | | |
Monumento 5th Avenue R.Papa  Abad Santos  Blumentritt
L1 L1 I | I | L1
\
L1 1 I | [ | 1
Central Carriedo D. Jose Bambang Tayuman
L1 L1 L1 L1 L1
A\
L1 L1 1 1 L1
UN Avenue Pedro Gil Quirino Vito Cruz Gil Puyat
==
I /T I L1 L1
\ / \/ /
I £/ I L1 L1
Asia World MIA Redemptorist EDSA
Baclaran %
to Depot
[ [ L1 [
— N\ — R
N. Aquino Dr. Santos Manuyo Uno Las Pinas
| Future Station ~a
[ L1 [ 7
N\ / \
— ] I
Niyog Talaba Zapote

Satellite Depot

Figure 3.2-7 Track Layout of Line 1



3.2.6  Train Diagrams

Train diagram at peak hour is made to assume necessary number of trains. Figure 3.2-8 to Figure
3.2-10 indicate the example of train diagram at peak hour of phases and cases.

10 20 1 10 ]

;

b 10 20 0 40 50

g

Headway: 3min 15 sec =» Number of trains in operation: 35 trains
Figure 3.2-8 Track Diagram (Phase 1)

Baclaran

Dr. Sanlos

1 120 10 40 ig 1k 10 0 10 i 50 2k

Common Statiom

Buclarmy
X
Or, Sanlos /
X
4
: X
Hiog
Headway: 2min 30sec =» Number of trains in operation: 54 trains

Figure 3.2-9 Track Diagram (Phase 2)
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Headway: 2min =» Number of trains in operation: 68 trains
Figure 3.2-10 Track Diagram (Future)

3.3 Required Number of Rolling Stock

3.3.1 Fleet Requirement

Required number of trains is assumed by counting the line in train diagram. Table 3.3-1 indicates the

number of trains in each pattern and case.

Table 3.3-1 Required Number of Trains

Headway Trains in operation | Spare trains | Total number of trains
Opening Phasel Sm!n 15sec 35 4 39
Phase2 | 2min 30sec 54 7 61
Future Phasel Zm!n 30sec 55 7 62
Phase2 | 2min 68 9 77

3.3.2 Rolling Stock Procurement Plan

Source: Study Team

Based on the number of trains in above data future train procurement plan are indicated as follows. A

total of 30 trains are required to be procured at the opening of south extension.
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Table 3.3-2 Rolling Stock Procurement Plan

Units: Train sets

Opening of South Extension Future
Phasel Phase2 Phasel Phase2

Year 2015(2/4) 2016 2025 2035
1% Generation Train 16 (16 \

2" Generation Train 3 \3/

3" Generation Train 12 7 \r\l 12 12

th .| 1% batch 8 8 N

47 Gen Train o hatch 22 D 30
5" Generation Train 20 20
6" Generation Train 15
Total 39 61 62 77
Required number of trains 39 61 62 77

Source: Study Team
3.3.3 Stabling Facilities

Stabling during the night will be done only at depot stabling tracks and some trains at siding tracks of the
revenue line so that maintenance activities will not be disrupted. There are 25 stabling tracks in current
Pasay depot. Of that total, 15 tracks are good for 2 trains in series when a 1% Generation train is
included, while others are good for stabling only one train. However, after replacement of 1% generation
trains, only one train could be stabled in a single track. Thus, a total of only 30 trains could be stabled in
the existing depot in the future.

By the end of Phase 1 of the project, the expansion of existing Pasay Depot should be completed. There
will be constructed 13 additional stabling tracks, increasing the total availability of stabling tracks to 53
trains. However, if some tracks in the light maintenance hall and some particular stations are included
for stabling, the total number of stabling tracks becomes 66 trains. Since only 39 trains are required at
this phase, there are enough tracks for stabling.

By completion of Phase 2, satellite depot will be constructed and stabling capacity will be 87 including
inspection tracks and stabling at stations. Number of trains would be 61, then, stabling capacity is
enough in this phase.

In the future headway will be minimized to 2 minutes as ridership will increase. Required number of
trains would be 77 at this stage, however the stabling capacity of entire facilities would be reduced to 77
as total replacement of first generation and second generation will occur, being exactly the amount of
trains needed. Therefore, this matter must be taken into consideration when implementing the future
capacity expansion in 20 years-time if the number of needed trains would be increased from the planned
amount.
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Table 3.3-3 Stabling Facilities Plan

Units: Train sets

Opening of South

- Future
Extension
Phasel Phase2 Phasel Phase2
2015 2016 2025 2035
Existing Depot
Existing Stabling Track 40 40 30 30
Existing Inspection Track 5 5 5 5
Stabling Track in Expansion 13 13 13 13
Inspection Track in Expansion 3 3 3 3
Satellite Depot
Stabling Track - 18 18 18
Inspection Track - 2 2 2
Station
Common Station - 1 1 1
Monumento 1 1 1 1
Central 1 1 1 1
Baclaran 2 - - -
Dr. Santos 1 1 1 1
Niyog - 2 2 2
Total 66 87 77 77
Number of trains 39 61 62 77
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CHAPTER 4 DEPOT PLAN

4.1
41.1

Number of Required Facilities and Stabling Track

Light Maintenance Track

The light maintenance plan and required number of tracks for LRT Linel is shown in Table
4.1-1.

Currently, there are 5 light maintenance tracks. 6 tracks are necessary to comply with
maintenance standards. However, since there are some trains under failure, the present 5 tracks
are sufficient for the light maintenance.

The required number of tracks for the light maintenance will be 11 when opening of Line 1
Cavite Extension Project assuming that the maintenance method of new train sets is the same as
maintenance method of 3" generation trains. (Table 4.1-2)

According to typical maintenance standard of Japan, the total number of maintenance track and
repair track are expected 11 tracks for 87 train sets. (Table 4.1-3)

In this project, the number of light maintenance track for Cavite extension is 11 tracks by
reference to existing maintenance condition and Japanese standard.

In Baclaran depot which is the existing depot, 5 tracks are currently installed and 3 tracks will be
newly installed for the expansion depot.

3 tracks will be newly installed for Satellite depot.

All the area for the light maintenance shed should be completed ahead of the delivery of the new
rolling stock.
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Table 4.1-2 Required Number of Tracks

at Present Future
Light maintenance track plan — — - -
Existing Existing Expansion Satellite Total

Depot Depot Depot Depot
Daily Inspection 1 2 1 3
1G, 2G Inspection 2
3~5 G Inspection 1 2 2 2 6
Unscheduled Inspection 1 1 1 2
Total 5 5 3 3 11

Table 4.1-3 Required Number of Tracks Derived from Typical Maintenance Standard of Japan

Number of trainset 12+32+43= 87
Type of maintenance Daily Monthly Impr))c;r:tant General

3 month 4 years 8 years
Cycle days 3days | 90days | 1.460days | 2,920days
Overlapping Ratio of 0.97 0.91 0.5 1
inspection
Annual effective working || s501y | 3121.17) | 312(1.17) | 312(1.17)
days

1.5 hours

Work hours 0.19 day 2 days 18 days 25 days
Capacity /1 track 5.34 2.06 0.63 0.87
Number of track 6 3 2

4.1.2 Heavy (Amended) Maintenance Tracks

The train maintenance of LRT Linel doesn’t correspond to the typical heavy maintenance and
general maintenance of Japan. The disabled vehicle is replaced and repaired by the cyclic
maintenance plan.

The heavy maintenance plan of LRT Linel is shown in Table 4.1-4.

The current rate of disabled vehicles is 14% of vehicles for 40 train sets. The required number of
heavy maintenance track is still 1 track, even if the rate of those is 20%.

One more new heavy maintenance track is required for new train sets in 2015.

For the existing heavy maintenance track, the vehicle separated by every one unit access to the
track. For the new heavy maintenance track, the vehicle separated by every two unit access to the
track due to the land limitation.
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Table 4.1-4 Heavy Maintenance Plan of LRT Linel

Generation 1G (BN/ACEC) 2G (Adtranz) 3G (KN/NS) 4G
Number of trainset 21 7 12 47
(cars) (63) (28) (48) (188)
Ll:lr:;nber of maintenance 1car 1to 2 cars 1to 2 cars 1to 2 cars
1 month
Cycle days 14 days 30 days 15 days 15 days
Qverlappmg Ratio of 1 1 1 1
inspection
Annual effective working
days 312(1.17) 312(1.17) 312(1.17) 312(1.17)
Work hours 1 day 1 day 1 day 1day
Assumed ratio of down 20% (Latest data:19 down / 139 cars = 14%)
Capacity /1 track 0.35 0.05 0.19 0.73
Number of existing track 1 track (0.59) 1 track
Number of track for
south extension
1car length * 4tracks (Existing track)
Baclaran depot 2car length * 2tracks (New )

4.1.3

Automatic Car Body Washing Track

The plan of car body washing is shown in Table 4.1-5.

Exterior cleaning is implemented by using the automatic washing machine for about 20 vehicles
per day and twice in a week.

The existing washing tracks support for 40 train sets. Therefore, one more track is needed for 47
train sets which are procurement vehicles.

New automatic washing machine will be installed in Satellite depot.

Table 4.1-5 Plan of Car Body Washing of LRT Linel

Generation 1G (BN/ACEC) 2G (Adtranz) 3G (KN/NS) 4G
Number of trainset 21 7 12 47
Washing days '\f:?ir:ji?/y ;L;TS%Z, 4 days/week
Washing capacity /1 track 40 48
Number of existing track 1 track —
Number of track for south extension 2 tracks

Baclaran depot 1 track (Existing)

Satellite depot 1 track (New)
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4.1.4 Stabling Track

Stabling during the night will be done only at depot stabling tracks and some trains at siding tracks of the
revenue line so that maintenance activities will not be disrupted. There are 25 stabling tracks in current
Pasay depot. Of that total, 15 tracks are good for 2 trains in series when a 1% Generation train is
included, while others are good for stabling only one train. However, after replacement of 1% generation
trains, only one train could be stabled in a single track. Thus, a total of only 30 trains could be stabled in
the existing depot in the future.

By the end of Phase 1 of the project, the expansion of existing Pasay Depot should be completed. There
will be constructed 13 additional stabling tracks, increasing the total availability of stabling tracks to 53
trains. However, if some tracks in the light maintenance hall and some particular stations are included
for stabling, the total number of stabling tracks becomes 66 trains. Since only 39 trains are required at
this phase, there are enough tracks for stabling.

By completion of Phase 2, satellite depot will be constructed and stabling capacity will be 87 including
inspection tracks and stabling at stations. Number of trains would be 61, then, stabling capacity is enough
in this phase.

In the future headway will be minimized to 2 minutes as ridership will increase. Required number of
trains would be 77 at this stage, however the stabling capacity of entire facilities would be reduced to 77
as total replacement of first generation and second generation will occur, being exactly the amount of
trains needed. Therefore, this matter must be taken into consideration when implementing the future
capacity expansion in 20 years-time if the number of needed trains would be increased from the planned
amount.

The stabling plan corresponding to 77 train sets is shown in Table 4.1-6.

Table 4.1-6 Stabling Plan of LRT Linel
Units: Train sets

Opening of South
P Extgnsion Future
Phasel Phase2 Phasel Phase2
2015 2016 2025 2035
Existing Depot
Existing Stabling Track 40 40 30 30
Existing Inspection Track 5 5 5 5
Stabling Track in Expansion 13 13 13 13
Inspection Track in Expansion 3 3 3 3
Satellite Depot
Stabling Track - 18 18 18
Inspection Track - 2 2 2
Station
Common Station - 1 1 1
Monumento 1 1 1 1
Central 1 1 1 1
Baclaran 2 - - -
Dr. Santos 1 1 1 1
Niyog - 2 2 2
Total 66 87 77 77
Number of trains 39 61 62 77

Source: Study Team

45



4.2 Existing Baclaran Depot Expansion Plan

Depot expansion plan of existing Baclaran depot is shown as below.

Number of stabling track : 13 tracks (1 train set /each track)
Number of light maintenance track : 2 tracks (in light maintenance shed)
Number of unscheduled inspection track : 1 track (in light maintenance shed)
Number of heavy maintenance track : 2 tracks ( in heavy maintenance workshop for 1 train set)
Number of wheel re-profiling track : 1 track (with wheel re-profiling shed)
Buildings and facilities :

- Heavy maintenance workshop

- Light maintenance shed

- Wheel re-profiling shed

- Office building

+ OCC building

- Substation

- Waste water treatment plant

- Material store

- Motor pool
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Figure 4.2-1 Existing depot expansion plan
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4.3 Satellite Depot Plan

Satellite depot plan at Zapote is shown as below.

a) Number of stabling track : 9 tracks (2 train set /each track)
b) Number of light maintenance track : 2 tracks (in light maintenance shed)
¢) Number of daily inspection track : 1 track
d) Number of automatic train wash track : 1 track
e) Buildings and facilities :
Light maintenance shed
- Automatic train wash plant
- Working deck
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Draw out Track
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Figure 4.3-2 Track alignment in Satellite depot
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4.4 SOW of JICA ODA on Depot

After exchange of opinions with the consultant for the financial advisor of DOTC for the private sector
portion of the project, an agreement of the demarcation of tasks within the two depot areas has been
achieved.

Basically, all E&M items within the depot area will be implemented by the private sector
(Concessionaire) with close interface with construction of other facilities being implemented by public
sector.

The summary of the breakdown of the SOW is shown in Table 4.4-1.
Table 4.4-1 SOW of JICA Loan in Depot

Area Item JICA Loan Others

PPP DOTC

Land acquisition *

Soil improvement *

Land reclamation
(Embankment, Track bed. Retaining wall, Drainage, etc)

Track work
(include Access line, Stabling line, inside Workshop, etc)

Overhead Catenary System *
(include Access line, Stabling line, inside Workshop, etc)

Signalling System *

Telecommunication System *
(Train radio, Dispatcher telephone, Optical transmission, etc)

Substation
(Traction power, Depot power)

Power distribution
(High/Low tension )

Satellite Building for DCC *

Building for Administration (Concessionaire) *

Building for workshop or other maintenance activities, or
administration of LRTA (if required)

*

Road inside the Depot

Train maintenance equipment

Infrastructure maintenance equipment

*| | *| *

E&M system maintenance equipment

Drainage *
(Domestic sewage, Industrial waste water, Recycle water)

Water supply *
(City water)

Industrial waste storage (from maintenance Oil/|Grease etc) *

Fire prevention *

Illumination towers inside the Depot *

Source: Study Team
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Table 4.4-2 SOW of JICA Loan in Depot

Area

Item

JICA Loan

Others

PPP DOTC

Baclaran

New

Land acquisition (if necessary)

Soil improvement

Land reclamation
(Embankment, Track bed. Retaining wall, Drainage, etc)

Track work
(include Access line, Stabling line, inside Workshop, etc)

Overhead Catenary System
(include Access line, Stabling line, inside Workshop, etc)

Signalling System

Telecommunication System
(Train radio, Dispatcher telephone, Optical transmission, etc)

Substation
(Traction power, Depot power)

Power distribution
(High/Low tension )

Building for New OCC (If equired)

Building for Administration (Concessionaire)

Building for workshop or other maintenance activities, or
administration of LRTA (if required)

>(.

Road inside the Depot

Train maintenance equipment

Infrastructure maintenance equipment

E&M system maintenance equipment

w | #| *

Drainage
(Domestic sewage, Industrial waste water, Recycle water)

Water supply
(City water)

Industrial waste storage (from maintenance Oil/|Grease waste from
wheel turning etc)

Fire prevention

Illumination towers inside the Depot

Existing
modification

Track changeover

Overhead Catenary System

Relocation of public utility

4-15
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CHAPTER S5 ROLLING STOCK

5.1 Current Condition of Rolling Stock

511 General

There are three types of rolling stock in Line 1:

First generation trains are introduced in 1984 at the opening of Line 1 and 64 vehicles are installed.
Vehicle is double articulated and one train set consists of two cars. After Capacity Expansion Project, first
generation trains changed to 3-car train in order bring the passenger capacity of the train almost same as
second generation. Thus, 21 vehicles are converted to intermediate car by installing coupler at front end.
Consequently, the 1G fleet becomes a 21 3-car trains fleet, from the original 32 2-car trains, plus one car

remained.

Second generation train is introduced in 1999 at Phase 1 of Capacity Expansion Project. The train consists
of 4 vehicles and the vehicle is single articulated.

Third generation trains are introduced in 2007 at Phase 2 of Capacity Expansion Project. Train
configuration is same as second generation train.

5.1.2 Current Condition
Table 5.1-1 shows the condition of each LRV and Table 5.1-2 shows the summary of the condition of the
rolling stock of Line 1. It shows that 33 cars out of 140 cars are not operational; 7 cars are defective

because of collision, one car was bombed and 25 cars are because of lack of some parts.

Table 5.1-1 Current Condition of Rolling Stocks

Car No. | operational cause Car No. | operational cause Car No. | operational cause Car No. |operational cause

First Generation 1041 X missing parts Second Generation 1211 O
1001 (@) 1042 X missing parts 1101 @) 1212 (@)
1002 X missing parts 1043 @) 1102 X missing parts 1213 [@)
1003 X missing parts 1044 @) 1103 o 1214 (@)
1004 X missing parts 1045 @) 1104 o 1215 (@)
1005 X missing parts 1046 @) 1105 X missing parts 1216 (@)
1006 X missing parts 1047 @) 1106 @) 1217 [@)
1007 X missing parts 1048 (@) 1107 X collided 1218 (@)
1008 (@) 1049 @) 1108 @) 1219 [@)
1009 X missing parts 1050 o] 1109 o] 1220 O
1010 (@) 1051 @) 1110 @) 1221 (@)
1011 [@) 1052 [e) 1111 [e) 1222 [e)
1012 X missing parts 1053 @) 1112 o 1223 (@)
1013 X collided 1054 X missing parts 1113 [e) 1224 [@)
1014 o 1055 o 1114 o 1225 (@)
1015 [@) 1056 @) 1115 @) 1226 O
1016 (@) 1057 (@) 1116 X missing parts 1227 (@)
1017 @) 1058 @) 1117 x missing parts 1228 [@)
1018 (@) 1059 (@) 1118 X missing parts 1229 (@)
1019 [@) 1060 (@) 1119 x missing parts 1230 O
1020 [@) 1061 @) 1120 X collided 1231 [@)
1021 O 1062 O 1121 X missing parts 1232 (@)
1022 [@) 1063 @) 1122 X missing parts 1233 [e)
1023 (@] 1064 o 1123 X missing parts 1234 (@)
1024 @) 1124 X missing parts 1235 [@)
1025 (@] 1125 X missing parts 1236 X collided
1026 @) 1126 x missing parts 1237 [@)
1027 X collided 1127 X missing parts 1238 [@)
1028 (@] 1128 x missing parts 1239 (@)
1029 @] 1240 o
1030 [@) Third Generation 1241 [@)
1031 (@) 1201 o 1242 (@)
1032 [@) 1202 @) 1243 O
1033 (@] 1203 o 1244 (@)
1034 [@) 1204 @) 1245 O
1035 [e) 1205 [e) 1246 (@)
1036 @) 1206 @) 1247 X collided
1037 X bombed 1207 @) 1248 X collided
1038 @) 1208 o
1039 [@) 1209 (@)
1040 [@) 1210 (©)

O: operational X not operational



Table 5.2-2 Summary of Rolling Stock Condition

1% Gen. 2" Gen. 3"“Gen. Total

Operational 50 12 45 107
Not Operational 14 16 3 33
Bombed car Q) 1)
Collided car (2) (2) 3 ()
Missing Parts (11) (14) (25)
Total 64 28 48 140

1) First Generation Rolling Stock

3 cars are totally destroyed by collision and bomb. 11 cars are not operational because of lack of spare
parts. 4 cars among 11 are not operated for long time and they are already cannibalized. Car body is also
damaged by exposing weather and no maintenance.

Headlight and bumper are missing (1006) Equipments in the cab is missing (1006)

Figure 5.1-1 First Generation Rolling Stock
2) Second Generation Rolling Stocks

A total of 16 cars are not operational. LRV 1107 and 1120 are down because of collision. Other down
trains are not damaged in appearance and missing parts are reported.

—
E . ‘_1-5..1‘-

Figure 5.1-2 2G Rolling Stock: Body is deformed by collision (1107)
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3) Third Generation Rolling Stock

There are three (3) vehicles damaged by collision. LRV # 1247 and 1248 are damaged by same accident.
Bolster of articulation was deformed severely. In car 1236 lower portion of car body is damaged and
some parts and supports of the equipments are broken.

Figure 5.1-3 3G Train: Body shell is turned outward (1236)
5.2 Restoration Plan
5.2.1 First Generation Rolling Stock

One bombed car and two collided cars are heavily damaged, and considering the lifetime it is not worth
repairing due to high cost, instead it is suggested to scrap them and keep the parts for repairing other
trains. Twenty one (21) cars are planned in stimulus package project to improve the comfort ability. It
is considered that purchasing 4 new train sets to replace the down trains would be economically more
efficient. Therefore, the first generation rolling stock would remain operating with only 48 cars (16
trains), and only until 2025.

5.2.2 Second Generation Rolling Stock

Four (4) out of the total seven (7) trains are not operational because of lack of spare parts. Two (2) cars
of one of the four (4) trains are also damaged due to collision. Similarly to the first generation, it is
considered that purchasing 4 new train sets to replace the down trains (16 cars) would be economically
more efficient. Therefore, the second generation rolling stock would remain operating with only 12 cars
(3 trains), and only until 2025.

5.2.3 Third Generation Rolling Stock

There are three (3) cars damaged by collision and all of them should be restored by LRTA, either by
stimulus package project No. 5, or by other sources of funding.

5.3 Fourth Generation Rolling Stock
According to train operation plan, the required number of trains for Cavite Extension 2017 is 61 trains
and 31 existing trains will be available including restored trains. Therefore, 30 trains shall be procured

as fourth generation train for this project. Train configuration should be same as 3™ generation train to
simplify the maintenance.
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Rolling Stocks for Manila LRT line should apply the following design criteria in order to keep
compatibility with existing railway system. These criteria shall not be changed in the future unless there
is big system change on the line.

1
2.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
3.
(1)
(2)
4.
(1)
(2)
(3)
(4)
5.
(1)
(2)
6.
7.

8.

Track Gauge
Dimensions
Train Length
Body width
Overall height
Pantograph working height
Pantograph lockdown height
Floor height
Height of anti-climber
Wheel diameter
Wheel base
Distance between bogie center
Door height
Traction Power
Nominal Voltage
Working Range
Train Performance
Maximum speed
Maximum acceleration
Maximum deceleration of service brake
Deceleration of emergency brake
Running performance
Minimum curve radius
Maximum gradient
Maximum axle load
Brake system

Door system

Preferable Specification for South Extension

1,435mm

Max. 106m
2,590mm-2,600mm

Max. 3,900mm

Less than 4,300mm — more than 6,000mm
Max. 3,950mm

920mm

750mm

660mm(new) — 600mm(worn)
Max. 2,100mm

Max. 10,000mm

1,900mm

750V
525V - 900V

60km/h
1.0m/s?
1.3m/s?
1.3m/s?

25m

4%

12t

Emergency brake will be applied in case of
train separation

Door shall not open when train is running
Train shall not accelerate when door is open
Doors can be opened manually in case of
power failure

Following items are the specification preferable for the rolling stocks for South Extension of Manila LRT

Line 1.

environmental, etc.

wnN e

(1)
(2)
(3)
5.

(1)
)
7

(1)

Expected service line
Train configuration
Vehicle configuration
Vehicle length

Body length

Overall length (end car)

Overall length (intermediate car)
Passenger capacity
Vehicle body

Material

Compressive strength
Passenger door

Number per side

Specification will be changed depending on development of technology, changing of

30 years

Mc-M-M-Mc

2 bodies with single articulation 3 bogies
26,000mm

26,350mm (anti-climber — coupler)
26,500mm (coupler — coupler)

More than 1,350/train at 7 passengers/sgm

Stainless steel
400kN

4 per car
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(2)
(3)
(4)
()
(6)
)
(2)
9.

10.

11.
12.

13.
14.

15.

16.
(1)
()

17.
(1)

()

(3)
(4)
18.
(1)
()

19.
(1)
(2)
20.
(1)
(2)
(3)
(4)

Door type
Door width
Door pitch
Door opening time
Door closing time
Passenger seat
Seating arrangement
Configuration
Wheel chair space
Jerk limit
Accuracy of speedometer
Noise level
Interior noise lat stand still
Exterior noise at stand still
Interior noise at running
Exterior noise at running
Minimum interval of overhaul
Loading balance
Loading difference between axles
Loading difference between wheels
Wheel profile

Propulsion system
Traction motor
Traction control

Brake system
Type

Brake control

Emergency brake reaction time

Service brake reaction time
Auxiliary power supply system

Type

Output

Air supply system
Type
Pressure range

Air conditioning system
Configuration
Compressor
Refrigerant
Ventilation

Bi-parting slide door
1,500mm
6,000mm-5,700mm-6,000mm
2.5sec =0.5sec

3sec =0.5sec

longitudinal

Cantilever type

At least one space per car

1.1 m/s® (Except under emergency brake)
Within ==2km/h of actual speed

65dB
69dB
65dB
83dB
600,000km

Max 1 ton

Less than 10%
Compatible  with
appendix)

existing train  (refer

AC induction motor
VVVF inverter with automatic load
compensation control and slip/slide control

Regenerative brake, pneumatic brake, spring
applied parking brake

Electric command pneumatic brake with load
compensation and slip/slide control

Max. 1.5 sec.

Max. 2 sec.

Static Inverter

AC 440V 3 phase 60 Hz
AC 220V 1 phase 60 Hz
DC 110V

DC 24V

Screw type or rotary type
8.5 bar — 10 bar

Roof mount

Full hermetic type rotary compressor
Environmental friendly type
2,000m*/h per vehicle
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CHAPTER 6 COST ESTIMATION
6.1 Basis

This section focuses on the preliminary cost estimation of the ODA JICA portion of the LRT Line 1 South
Extension Project only. The estimation is based on revisions on proposed operation plan and depot
layout, as well as information regarding rehabilitation of the existing Line 1.

1. Preconditions
Preconditions are set according to information provided by JICA.

The Rate of fund: JICA 100% and Philippine 0%

Exchange Rate of Currency: US$1=Yen 82.43, US$1=PHP 43.6, PHP1=Yen1.89
Price Escalation: FC=2.1%, LC=2.5%

Physical Contingency: Construction 5%, Consultant 5%

Billing Rate of Consultant Expert (referred information from JICA)

Rate of Tax (VAT 12%, Import Tax 0% (paid by GOP)

Rate of Administration Cost : 5% (following information from JICA)

Rate of Interest during Construction: Construction 0.2%, Consultant 0.01%

Rate of Commitment Charges: 0.1%

2. Pending items

The following item has not yet being estimated with a certain level of accuracy:
e Consultancy Services. Currently at same level as approved by NEDA

6.2 Implementation Plan

The implementation plan presented herein is only for portion covered by JICA Loan, i.e., construction of
two depots, rehabilitation of existing rolling stock, and procurement of new rolling stock.

The schedule has been divided into two (2) milestone phases, as explained in the Operation Plan Chapter,
which are:

e Phase 1: Partial opening of south extension at Dr. Santos station, completion of expansion of
Baclaran depot; rehabilitation of 3 3G LRVs (by LRTA); delivery of 8 new trains. May 2015.

e Phase 2: Total completion of project up to Niyog Station; completion of Zapote satellite depot;
Increase frequency of trains by decreasing minimal headway to 2.5 min. This implies
completion of Common Station; and delivery of last 22 trains. May 2016.

Close coordination with the Civil and E&M works’ portion is paramount for the success of the project.
Furthermore, the completion of related projects, such as the construction of the Common Station in
between Roosevelt and North Avenue stations, and the implementation of the Common Ticketing System
are crucial as well for the proper implementation of the Line 1 CEP.

The schedule of these projects is not covered by this report.
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2014

2015
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commencement of the project

| Phasel |

| Phase2 |

(up to Dr. Santos)

3.25 min headwaty

Existing Depot

partial open of south extension

2.5 min headway

up to Niyog
| | | <7z

full open of south extension

Demorishing of current buildings

Required number

Required number

Civile work

of Trains

of Trains

Building

39 trains

60 trains

Track work

0oCs

E&M

testing

Satelite Depot

Civil

revetment of river

removal water and soil

soil improvement

embankment

roadbed

others

building

substation

light maintenance & office

E&M

Electric & Mechanical

Track

0Cs

test run

testing

Available Existing Train
at 2/4 of 2015

1st gen: 16

2nd gen:3

3rd gen: 12
Total: 31 trains

New Rolling Stock

Design

Conceptual Design

Detail Design

Procurment of Material

Available New Train

at 2/4 of 2015 8 trains

Construction

constn

iction

Train 1

Train 2

Train 3

Train 4

Train 5

Train 6

Train 7

Train 8

Train 9

==

Train 10

Train 11

Train 12

Train 13

Train 14

Train 15

Train 16

Train 17

Train 18

Train 19

Train 20

===
=

Train 21

Available New Train

Train 22

at 1/4 of 2016

Train 23

30 trains

Train 24

Train 25

Train 26

Train 27

Train 28

Train 29

Train 30

==
T | —|

Available number of Trains

Available number of Trains

61 trains

39 trains
T

Figure 6.2-1 Implementation Schedule
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6.3

The summary of the cost for the JICA portion is shown in Table 6.3-1.

Cost of JICA ODA Portion

(JpY) and local (PhP) portions, and summarized in US$.

Table 6.3-1 Total Cost of JICA Loan

The figures are shown in foreign

Jpn Yen ('M) Phi Peso (*M) Total (Jpn Yen)('M) Total (US$ M)
Breakdown of Cost Total P‘z)lrt(:iﬁn Others | Total P‘:Jlrgiﬁn Others | Total Pilrgﬁn Others Total P‘llr(t:i):n Others
Rolling Stock 25,249 25,249 0 0 0 0 25,249 25,249 0 306.31 306.31 0.00
Depot 3,553 3,553 0 770 770 0 5,009 5,009 0 60.77 60.77, 0.00
Refurbishment 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
SubTotal Direct ODA 28,802 28,802 0 770 770 0 30,259 30,259 0 367.08 367.08 0.00
Consulting Services 1,882 1,882 0 612 612 0] 3,039 3,039 0 36.87 36.87 0.00]
SubTotal Direct Loan 30,685} 30,685 0 1,382 1,382 0 33,298 33,298 0 403.95 403.95 0.00
Price Escalation 1,755 1,755 0 39 39 0] 1,829 1,829 0 22.19 22.19 0.00]
Physical Contingency 1,528 1,528 0 40, 40, 0 1,604, 1,604, 0 19.46 19.46 0.00
Land Acquisition 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Administration Cost 0 0 0 971 0 971 1,837 0 1,837 2228 0.00 22.28
VAT 0 0 0 175 0 175 332 0 332 4.02 0.00 4.02
Import Tax 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Interest during construction 148| 148| 0 0 0 0 148 148 0 1.80 1.80 0.00
Commitment Charge 148 148 0 0 0] 0] 148 148 0 179 179 0.00)
SubTotal Indirect Cost 3,579 3,579 0 1,226 80 1,147 5,898 3,730 2,168 7155 45.25 26.30
Total 34,264 34,264 0 2,609 1,462 1,147 39,196 37,027 2,168 475.50 449.20 26.30

Source: Study Team

Breakdown of the cost for the JICA portion of the Depot Development is shown in Table 6.3-2. The

breakdown of the cost for LRT Line 1 new rolling stock is shown in Table 6.3-3.

disbursement schedule for the JICA Loan portion is shown in Table 6.3-4.
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Table 6.3-2 Breakdown of Cost for Depot Development

Cost Estimation for New Satellite Depot and Expansion of Existing Baclaran Depot

Unit price (without VAT) Amount ('000)
Description Spec. Unit Quantity
Yen Peso Yen Peso
::,ﬂne Cilwork f::;g:’z’f;:m;:;gse”; m2 43,000 2,100 0.00 90,300.00
Depot embankment h3.3m*35,000m2 m3 115,500 1,250 0.00 144,375.00
River wall along Paranaque river m 250 5,000 0.00 1,250.00
Bed for railway track h0.5m*35,000m2 m3 17,500 1,200 0.00 21,000.00
Rain water drainage in track yard m2 35,000 143 0.00 4,991.70
Road and Parking in depot w4.0m m 800 2,500 0.00 2,000.00
Fence around depot h2.5m m 1,600 10,750 0.00 17,200.00
Subtotal Civil Works 0.00 281,116.70
::Idld:;%mes :5'%’2 '“ng“f;"’r';z':'f ?;T:D(ogr’)"””d floor) i:%f‘l';:""’ m2 2,040.0 120,000 21,157 244,800.00 43,160.99
Sub-station RC-1floor 20*25m m2 500.0 0 37,025 0.00 18,512.68
Tank of industrial waste water treatment RC 8%10*4m m2 80.0 0 26,447 0.00 2,115.73
Pit of car body washing RC 4*40m m2 120.0 0 10,579 0.00 1,269.44
Oil storage RC-1floor 3*3m m2 9.0 0 31,736 0.00 285.62
Hazardous material storage RC-1floor 3*3m m2 9.0 0 31,736 0.00 285.62
Waste material storage space RC 5*15m m2 45.0 0 15,868 0.00 714.06
Gatehouse RC-1floor 3*4m*2, 3*8m*1 m2 48.0 0 31,736 0.00 1,523.33
Material storage RC-1floor 10*20m m2 200.0 0 31,736 0.00 6,347.20
nggsﬁsg:? Light maintenance shed ot 1 81,600,000 43,160,985 81,600.00 43,160.99
A;L‘:Sg:gi"én) Sub-station lot 1 7,000,000 3,702,535 7,000.00 3,702.54
Subtotal Civil Works Building and Facilities 333,400.00 121,078.20
E&Mfaciliies Cable trough total 4,300m 100m 43 0 52,893 0.00 2,274.41
llluminating tower pitch 75m nos 12 0 528,934 0.00 6,347.20
';s:;:ﬁ":'n‘;vas'e water treatment nos 1 33,000,000 1,057,867 33,000.00 1,057.87
Security camera system A 35,000m2 lot 1 8,000,000 1,057,867 8,000.00 1,057.87
Rolling stock light maintenance facilities lot 1 210,000,000 5,289,336 210,000.00 5,289.34
Car body washing machine track 1 38,000,000 1,057,867 38,000.00 1,057.87
Subtotal E&M Facilities 289,000.00 17,084.56
Sub total for Zapote Satellite Depot 622,400.00 419,279.46
Baclaran  (Civil work Bed for railway track h0.5m*16,000m2 m3 8,000 1,200 0 9,600.00
depot Rain water drainage in track yard m2 14,000 143 0 1,996.68
Road and Parking in depot w4.0m m 470 2,500 0 1,175.00
Subtotal Civil Works 0.00 12,771.68
Building and Workshop (Heavy maintenance) Steel-1floor 25*95m m2 2,375.0 120,000 21,157 285,000.00 50,248.70
Facilites Light maintenance shed Steel-1floor 12521m m2 2,625.0 120,000 21,157 315,000.00 55,537.13
Sub-station RC-1floor 20*25m m2 500.0 0 37,025 0.00 18,512.68
gg:zgﬁﬁ;‘;’l‘ﬁeG“a’dhO“ses at Depot and ot 1 0 5,000,000 0.00 5,000.00
::;Vg:‘;g:‘;;'cei"”:i’e";g‘;”ug ﬁm'n's"a”"e Buiding ot 1 0 77,760,000 0.00 77,760.00
Tank of industrial waste water treatment RC-1floor 8*10*4m m2 80.0 0 26,447 0.00 2,115.73
Material storage RC-1floor 30*20m m2 600.0 120,000 31,736 72,000.00 19,041.61
i”w"‘:gg f;%ﬁ';s Workshop ot 1 95,000,000 50,248,696 95,000.00 50,248.70
Q‘;ev;:(;leasggﬁ) Sub-station lot 1 7,000,000 3,702,535 7,000.00 3,702.54
Material storage lot 1 21,600,000 11,424,967 21,600.00 11,424.97
Subtotal Civil Works Building and Facilities 795,600.00 293,592.04
E&M facilities Cable trough total 1,000m 100m 10 0 52,893 0.00 528.93
lluminating tower pitch 75m nos 6 0 528,934 0.00 3,173.60
Construction of Motor pool Building lot 0 6,000,000 0.00 6,000.00
:;;Z:;:L‘;Vﬁsle water treaiment nos 1 33,000,000 1,057,867 33,000.00 1,057.87
Rolling stock heavy maintenance facilities lot 1 600,000,000 12,694,407 600,000.00 12,694.41
Rolling stock light maintenance facilities 3-track 1 340,000,000 10,578,673 340,000.00 10,578.67
Subtotal E&M Facilities 973,000.00 34,033.48
Sub total for Baclaran Depot 1,768,600.00 340,397.20
To be used |Non-RS Tracks lot 1 | 1,053,000,000 5,289,336 1,053,000.00 5,280.34
?ezihsnes '\E":L"Iéer:::fe Power supply lot 1 8,000,000 0 8,000.00 0.00
Overhead Catenary lot 1 50,000,000 0 50,000.00 0.00
Signalling lot 1 4,000,000 5,289,336 4,000.00 5,289.34
Telecommunication lot 1 39,000,000 0 39,000.00 0.00
Buildings Facilities lot 1 8,000,000 0 8,000.00 0.00
Sub total non Rolling Stock Equipment 1,162,000.00 10,578.67
Total amount 3,553,000 770,255
¥5,009,242
G""(‘,"O‘:x‘)‘;‘a' 2,649,557
$60,770

Source: Study Team




Table 6.3-3 Breakdown of New Rolling Stock Cost

Unit Price Quantity Price
Design 400,000,000 1 400,000,000
Construction (MC) 199,500,000 60 11,970,000,000
Construction (M) 185,000,000 60 11,100,000,000
Transportation 6,000,000 120 720,000,000
Commissioning 320,000,000 1 320,000,000
Spare Parts Special Tools 589,400,000 1 589,400,000
Training and Manuals 150,000,000 1 150,000,000
Total 25,249,400,000

Source: Study Team

Average cost for 1 car: 210,411,666.7 JPY

Table 6.3-4 Cost Disbursement Schedule for JICA Loan
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CHAPTER 7 ENVIRONMENTAL AND SOCIAL CONSIDERATIONS

7.1 Methodology

The study on the environmental and social considerations is conducted by the following steps:

(i)  Review the existing documents such as Environmental Impact Assessment (EIA) Report,
Resettlement Action Plan (RAP) and Environmental Compliance Certificate (ECC);

(i)  Field Reconnaissance;

(iii)  Study of the supplementary items to be improved of the existing EIA and RAP, in accordance
with “JICA Guidelines for Environmental and Social Considerations (April, 2010)” (herein
referred to as JICA Guidelines)

(iv) Conduct the surveys on the supplementary EIA and RAP reports by entrusting reliable and
experienced local consultants, if necessary; and

(v) Assist DOTC/LRTA to prepare the supplementary EIA and RAP reports.

For the LRT Line 1, although the review of the existing documents was conducted for the whole
components of the extension project covered by the EIA and RAP reports, the supplemental EIA and
RAP studies by the JICA Study Team focused on the depot, i.e., existing and satellite depots.

7.2 Legal and Institutional Framework for Social and Environmental Considerations in the
Philippines

7.2.1 EIlAprocedure and ElA related Laws and Regulations

1) Laws and Regulations of Environmental Impact Assessment (EIA)

Any private or public projects or activities which are likely to have foreseeable adverse effects on the
natural and social environment are subject to the Philippine Environmental Impact Statement System
(PEISS). Aware of the potential negative impacts of implementation of industrial and other activities, the
Philippine government has instituted the measures to encourage the use of EIA as a planning and decision
making tool. PEISS is the set of laws, regulations, administrative orders and guidelines concerned EIA.
Among them some of the most important laws and guidelines are the followings:

a) Environmental Impact Statement (EIS) System, Presidential Decree No. 1586 (1978)
An act establishing and centralizing the Environmental Impact Statement (EIS) System under the
National Environmental Protection Council, which emerged with the National Pollution Control
Commission in June 1987 to become the Environmental Management Bureau (EMB).

b) Presidential Proclamation No. 2146 (1981) and No. 803 (1996)
This proclaims Environmentally Critical Projects (ECPs) to have significant impacts on the
quality of the environment and Environmentally Critical Areas (ECAS) as environmentally fragile
areas within the scope of the EIS System.

¢) DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural
Manual (2007)
This provides implementing rules and regulations of Presidential Decree No. 1586, establishing
the Philippine Environmental Impact Statement System (PEISS). Also, detailed information in
definitions of technical terms, procedures, related laws and regulations are described.
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2) Responsible Government Authorities

The review and supervision of PEISS are conducted by the Environmental Management Bureau,
Department of Environment and Natural Resources (DENR-EMB). The Department of Environment and
Natural Resources (DENR) is the government entity which is mandated to handle issues related to
following five tasks as described in the legislations concerned.

e  Assure the availability and sustainability of the country's natural resources through judicious use
and systematic restoration or replacement, whenever possible;

» Increase the productivity of natural resources in order to meet the demands for forest, mineral,
and land resources of a growing population;

» Enhance the contribution of natural resources for achieving national economic and social
development;

»  Promote equitable access to natural resources by the different sectors of the population;

» Conserve specific terrestrial and marine areas representative of the Philippine natural and
cultural heritage for present and future generations.

EMB is responsible for the issuance of decision making documents such as the Environmental
Compliance Certificate (ECC) and Certificate of Non-Coverage (CNC) for PEISS. EMB Regional
Offices in respective regions are primarily responsible for the consultation and supervision of
development projects.

3) Process of PEISS

Application into the EIS System requires compliance with certain stages of the EIA Process.
Requirements per EIA stage vary depending on the project group/type being applied for. A summary
flowchart of the complete process is presented in Figure 7.2-1.

The Philippine EIA Process has six sequential stages: Screening; Scoping; EIA Study and Report
Preparation; EIA Review and Evaluation; Decision Making and Post-ECC Monitoring; Validation and
Evaluation/Audit stage. The first five stages are those involved when a Proponent applies for ECC or
CNC. In particular, for the stages of EIA Review and Evaluation driven by DENR-EMB, the maximum
workdays are summarized in Table 7.2-1.
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Figure 7.2-1 Flow Chart of EIA Process in the Philippines

Table 7.2-1 EIS Review Duration in DENR-EMB

Review and Evaluation Steps Estimated/Maximum Workdays in DENR-EMB
EMB-Controlled Review Process 90 days
Endorsement of Recommendation 15 days
Sign-off/ Issuance of Decision Document 15 days

Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)

4) Covered PEISS Projects

Covered PEISS Projects are projects which have been originally declared as Environmentally Critical
Projects (ECPs) or projects in Environmentally Critical Areas (ECAs) presumed to have significant
impacts on the quality of the environment, and to be subjects of PEISS. The four ECP project types and
twelve ECA categories have been declared through Proclamation No. 2146 (1981) and Proclamation No.
803 (1996), as shown in Table 7.2-2 and Table 7.2-3.

Table 7.2-2 Summary of Environmentally Critical Projects (ECPs)

Main Category Sub-Category
A. Heavy Industries * Non-Ferrous Metal Industries
« lron and Steel Mills
« Petroleum and Petrochemical Industries
* Smelting Plants
B. Resource Extractive Industries * Major Mining and Quarrying Projects
« Forestry Projects
« Dikes for/and Fishpond Development Projects
C. Infrastructures « Major Dams
* Major Power Plants
* Major Reclamation Projects
» Major Roads and Bridges
D. Golf Courses -
Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)
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Table 7.2-3 Summary of Environmentally Critical Areas (ECAS)

ECA Categories Examples
A. Areas declared by law as national parks, « Areas of the National Integrated Protected Areas System Act
watershed reserves, wildlife preserves, and
sanctuaries

B. Areas set aside as aesthetic, potential « Areas declared and reserved by the Department of Tourism or other
tourist spots authorities for tourism development

C. Areas which constitute the habitat for any « Areas inhabited by indeterminate species, threatened species, rare
endangered or threatened species of species, endangered species
indigenous Philippine wildlife (flora and
fauna)

D. Areas of unique historic, archeological, < National historical landmarks, geological monuments,
geological, or scientific interests paleontological and anthropological reservations as designated or

determined by the National Historical Institute, National Museum,
National Commission for Culture and the Arts, National
Commission on Geological Sciences, and other authorities
E. Areas which are traditionally occupied by | ¢ Ancestral lands maintained by the PANAMIN for national
cultural communities or tribes minorities
« Areas that are occupied or claimed as ancestral lands or ancestral
domains by indigenous communities
F. Areas frequently visited and or hard-hit by | ¢ Areas frequently visited or hard-hit by typhoons
natural calamities (geologic hazards, « Areas frequently visited or hard-hit by tsunamis
floods, typhoons, volcanic activity, etc. « Areas frequently visited or hard hit by earthquakes
 Storm surge-prone areas
¢ Flood-prone areas
< Areas prone to volcanic activities
« Areas located along fault lines or within fault zones
» Drought-prone areas
G. Areas with critical slope  Lands with slope of 50% or more
« Alienable and disposable forest lands and unclassified forests
H. Areas classified as prime agricultural lands | ¢ Irrigated and irrigable areas and other areas mapped under the
Network of Protected Areas for Agriculture of the Bureau of Soils
and Water Management

I. Recharged areas of aquifers « Areas of sources of water replenishment
J. Water bodies « Areas that are tapped for domestic purposes
« Areas which support wildlife and fishery activities
K. Mangrove Areas < Tidal areas covered by salt-tolerant, intertidal tree species
« Areas declared as mangrove swamp forest reserves
L. Coral Reefs « Areas characterized by the assemblage of different types of marine

plants and organisms
< Areas identified by local sources such as the UP-Marine Sciences
Institute, DENR-Coastal Environment Program to be rich in corals.
Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)

To help identifying required documents under PEISS for consultation and decision making by EMB -
DENR, projects are classified into five major groups as described in Table 7.2-4.

Table 7.2-4 Project Groups for EIA under PEISS

Group | ECPs in either ECAs or NECAs (Environmentally Critical Projects in either Environmentally
Critical Areas or Non-Environmentally Critical Areas)

Group 11 NECPs in ECAs (Non-Environmentally Critical Projects in Environmentally Critical Areas)

Group 111 NECPs in NECAs (Non-Environmentally Critical Projects in Non-Environmentally Critical Areas)

Group IV Co-located Projects in either ECA or NECA

Group V Unclassified Projects

Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)



ElA-covered projects in Groups I, Il and 1V require either of the following depending on project type,
location, magnitude of potential impacts and project threshold. For non-covered projects in Groups Il and
111, the Project Description Report is required.

i)
ii)
iii)
iv)
v)

Environmental Impact Statement (EIS)
Programmatic EIS (PEIS)

Initial Environmental Examination Report (IEER), or
IEE Checklist (IEEC)

Project Description Report (PDR)

All documents should be prepared by the project proponent to be submitted to the EMB Central Office or
the Environmental Impact Assessment Division in the respective EMB Regional Office. The outcome of
the EIA Process within PEISS administered by the EMB-DENR is the issuance of decision documents.
Decision documents may either be an ECC, CNC or a Denial Letter, described as follows:

i)
i)

i)

An ECC is issued as a certificate of Environmental Compliance Commitment to which the
Proponent conforms, after DENR-EMB explains the ECC conditions.

A Certificate of Non-Coverage (CNC) certifies that, based on the submitted Project Description
Report (PDR), the project is not covered by the EIS System and is not required to secure an
ECC.

A Denial Letter shall contain an explanation for the disapproval of the application and guidance

on how the application can be improved to a level of acceptability in the next EIA process.

For Group | projects, ECC application documents need to be submitted to the EMB central office to
receive a decision from the EMB Director or DENR Secretary. While an ECC application for Group Il
needs to be submitted to the EMB Regional Office to receive a decision from the EMB Regional Director.
Table 7.2-5 summarizes Project Groups, EIA Report Types, Decision Documents, Deciding Authorities

and Processing Duration.

Table 7.2-5 Summary of Project Groups, EIA Report Types, Decision Documents, Deciding
Authorities and Processing Duration

Project Groups Documents Required For Decision Document Deciding Max Processing
ECC/CNC Application Authority Duration
I: Environmentally Critical Environmental Impact ECC EMB Director / 120 days
Projects (ECPs) in either an Statement (EIS) DENR Secretary (Working Days)
Environmentally Critical Area
(ECA) or Non-Environmentally
Critical Area (NECA)
11: Non- Environmentally Environmental Impact ECC EMB RO Director | 15-60 days
Critical Projects (NECPs) inan | Statement (EIS) / Initial (Working Days)
Environmentally Critical Area Environmental Examination
(ECA) Report (IEER) /Initial
Environmental Examination
Checklist (IEEC) /Project
Description Report (PDR)
111: Non-Environmentally Project Description Report CNC EMB Director / 15 days
Critical Projects (NECPs) in a (PDR) EMB RO Director | (Working Days)
Non- Environmentally Critical
Area (NECA)
IV: Co-located Projects Programmatic Environmental | ECC DENR Secretary 180 days
Impact Statement (PEIS) (Working Days)
V: Unclassified Projects Project Description Report CNC or EMB Director 15 days
(PDR) Recommendation on /DENR (Working Days)
Final Grouping and EIA | Secretary/EMB
Report Type RO Director

Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)

7-5




5) Scope of Items to be Examined and Contents to be Assessed in the EIA/IEER reports

As previously discussed, depending on project type, location, magnitude of potential impacts and project
threshold, an EIS, IEER or PDR will be required. According to the Memorandum Circular No. 2010-14
“Standardization of Requirements and Enhancement of Public Participation in the Streamlined
Implementation of the Philippine EIS System” by DENR (June 29 2010), the outline for EIA Reports for

proposed new single projects is shown in Table 7.2-6.
Table 7.2-6 Outline of EIA Reports for Proposed (New) Single Projects

Project Fact Sheet
Table of Contents
Executive Summary

Annexes

l. Project Description
1.1 Project Location and Area
1.2 Project Rationale
1.3 Project Alternatives
1.4 Project Components
15 Process/Technology Options
1.6 Project Size

1.7 Development Plan, Description of Project Phase and Corresponding Timeframes
1.8 Manpower
1.9 Indicative Project Investment Cost
1. Analysis of Key Environmental Impacts
2.1 Land
211 Land Use and Classification
212 Geology and Geomorphology
213 Pedology
214 Terrestrial Biology
2.2 Water
221 Hydrology & Hydrogeology
2.2.2 Oceanography
223 Water Quality
224 Freshwater or Marine Biology
2.3 Air
231 Meteorology/Climatology
2.3.2 Air Quality (and Noise)
2.4 People
24.1 Identify settlers that will be displaced from among the existing settlers
24.2 Discuss the in-migration patterns impact as a result of project implementation
243 Discuss the impacts on IPs and Culture/Lifestyle (if any)
24.4 Discuss the project implementation's threat to public health vis-a-vis the baseline health
conditions in the area
245 Discuss local benefits expected from project implementation
246 Discuss how the project would affect the delivery of basic services and resource
competition in the area
247 Discuss how the project would affect traffic situation in the area
248 Identify the entity to be accountable for environmental management in the area
249 Discuss how the project would affect existing properties in the area in terms of relocation
and devaluation
2.4.10 Identify affected properties
11 Environmental/Ecological Risk Assessment
V. Impact Management Plan
V. Social Development Framework and IEC Framework
VI. Environmental Compliance Monitoring
VII.  Emergency Response Policy and Generic Guidelines
VIIl.  Abandonment/ Decommissioning/Rehabilitation Policies and Generic Guidelines
IX. Institutional Plan for EMP Implementation

Bibliography/References

Source: DENR Memorandum Circular NO. 2010-14, Annex 1-A, June 2010
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6) Public Participation, Public Consultation and Information Disclosure

The PEISS places importance on public participation. According to DENR Administrative Order No. 30
Series of 2003 (DAO 03-30), Revised Procedural Manual (2007), public participation shall be
demonstrated through the following activities:

a)

b)

d)

€)

As part of the social preparation process at pre-Scoping, Information, Education and
Communication (IEC) of Local Government Units (LGUSs) is now explicitly required at the
minimum of PEIS/EIS based applications for new or modification proposals for which Public
Scoping is a requirement. The IEC serves as a basis for preliminary identification of stakeholders
and related issues in preparation for the Scoping proper.

Public Scoping for PEIS/EIS-based new projects is now more meaningful as community inputs
will precede the Technical Scoping of the EIA Review Team with the proponent, and will be
formally considered before the sign-off of the Scoping Checklist that comprises the final TOR of
the EIA Study. Key stakeholder representatives, EMB personnel, EIA Review Committee and the
Proponent/Preparer representatives will also sign off the List of Issues raised during the Public
Scoping.

The conduct of the EIA Study shall include local stakeholders, who may serve as local expert
sources, aides/guides and resource persons in primary data collection to optimize access to
indigenous knowledge of the environment, or as interviewers/ interviewees in the socio-
economic/perception surveys which shall be used as the basis for the subsequent formulation of
social development plans, IEC, monitoring plans and other components of the environmental
management plans.

As a form of disclosure of the EIA findings, a Public Hearing is required for all new ECPs for
which Public Scoping was undertaken and for PEIS-based applications. A waiver of the Public
Hearing requested by the Proponent may be granted by the DENR-EMB subject to the absence of
mounting opposition or written request for one with valid basis and Public Consultation may be
conducted instead of a Public Hearing. The Notice of a Public Hearing provides explicit
instructions on registration, access to the EIA Report (with Project Fact Sheet written in the local
dialect or mixed with the popularly known language of the host communities), preparation of
position papers, and on the mechanics of how issues may be received before or during the hearing.
Prior to Public Hearings or Public Consultations, the Proponent is required to give copies of the
full EIA Report to the EMB Regional Offices and host municipalities; copies of the Executive
Summary to the host barangays; and copies of Project Fact Sheets to other stakeholders for well-
informed participation in the hearing/consultation process.

Once an ECC/CNC is issued, the EIA recommendations are transmitted by the DENR-EMB to
the concerned LGUs and government agencies to be considered in their decision-making process.
This resultsin a more integrated, coordinated and participative safeguarding of environmental
concerns.

7) Environmental Monitoring and Audit

a)

Objectives of Compliance Monitoring and Evaluation

Under the Philippine EIS System, the primary purpose of the monitoring, validation and
evaluation/audit is to ensure the judicious implementation of sound environmental management
within a company / corporation and its areas of operation as stipulated in the ECC and other
related documents. Specifically, it aims to ensure the following:
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»  Compliance with the conditions set in the ECC;

e Compliance with the Environmental Management Plan (EMP) commitments;

» Effectiveness of environmental measures on prevention or mitigation of actual project
impacts vis-a-vis the predicted impacts used as basis for the EMP design; and

e Continuous updating of the EMP for sustained responsiveness in addressing the
environmental impacts of undertakings.

b) Role and Responsibilities

i)

i)

Project Proponent/Company

Proponents that have been issued ECCs are primarily responsible for monitoring their projects.
A proponent is required to submit an ECC Compliance Monitoring Report (CMR) to the designated
monitoring EMB office on a semi-annual frequency. The detailed report on compliance to
environmental standards specific to environmental laws shall be submitted through the Self-
Monitoring Report (SMR) on a quarterly basis to the concerned EMB office.

Multi-partite Monitoring Team (MMT)

The MMT is recommendatory to EMB and has the primary responsibility of validating the
proponent’s environmental performance.

MMTs are organized, if required, in the ECC especially for ECPs to encourage public
participation, to promote greater stakeholder vigilance and to provide appropriate check and
balance mechanisms in the monitoring of the environmental impacts of project implementation.
MMTs have the primary responsibility of validating the proponent’s environmental performance,
with the following specific functions:

i. Validate project compliance with the conditions stipulated in the ECC and the EMP;

ii. Validate the Proponent’s conduct of self-monitoring;

iii. Receive complaints, gather relevant information to facilitate determination of the validity of
complaints or concerns about the project and timely transmit to the Proponent and EMB
recommended measures to address the complaint;

iv. Prepare, integrate and disseminate simplified validation reports to community stakeholders;

v. Make regular and timely submission of MMT Reports based on the EMB-prescribed format.

The Compliance Monitoring and Validation Report (CMVR) shall be submitted semi-annually
to the concerned EMB Regional Office, with the Proponent’s CMR/SMR as an attachment.
Moreover, the second CMVR shall preferably present a qualitative desk validation of the trend
analysis report and cumulative environmental performance of the Proponent.

EMB
The Environmental Management Bureau shall be primarily responsible for the over-all
evaluation/audit of the Proponent’s monitoring and the MMT’s validation.



Table 7.2-7 summarizes the monitoring, validation and evaluation/audit schemes undertaken by the
monitoring entities above.

Table 7.2-7 Monitoring, Validation and Evaluation/Audit Schemes

Monitoring Aspects

Frequency / Timing

Proponent Self-

MMT Validation of

EMB Evaluation/Audit

Monitoring Proponent’s Performance

A. ECC Semi-annual in CMR Semi-annual in CMVR Semi-annual in CER
Compliance | EMP? Semi-annual in CMR Semi-annual in CMVR Semi-annual in CER
Reporting Environmental Detailed report in Semi-annual in CMVR Semi-annual in CER

Standards (under Quarterly SMR; Summary

specific environmental of compliance in semi-

laws) annual CMR
B. Field Validation - Semi-annual Semi-annual, or

whenever there are
complaints, failure to
comply with standards,
or suspicious data

C. Effectiveness Sampling and Monthly/ Continuous as Only in cases of As the need arises in
of Environmental | Measurement committed to in the complaints, failure to coordination with the
Management Environmental Monitoring | comply with standards or | MMT
Measures Plan within the EMP suspicious data

Trend Analysis/ 2nd semi-annual CMR; 2nd semi-annual CMVR | 2nd semi-annual CER

Cumulative 4th Quarter SMR

Performance

Report

Source: DENR Administrative Order No. 30 Series of 2003 (DAO 03-30), Revised Procedural Manual (2007)

Note:

a) The EMP (Environmental Management Plan) is composed of the Impacts Management Plan, the Social
Development Plan, Information Education and Communication (IEC) Plan,

b) CMVR has the Proponent’s CMR/SMR as an attachment

¢) The Compliance Evaluation Report (CER) is prepared by the EMB Case Handler/staff and shall be
attached to the Proponent’s CMR/SMR and MMT’s CMVR

d) The composite EMB Team (if project has no MMT) conducts validation, or if the Proponent has an
existing MMT, the EMB personnel undertake validation as a member of the MMT. Should a composite
team be needed to address a mix of issues within the respective mandate of the EMB divisions/units, the
EMB composite team shall join the particular MMT validation activity so that there is only one integrated
group validating the issues.

e) Trend Analysis is undertaken on key significant environmental parameters in relation to standards while
Cumulative Performance Report is done on applicable key significant impacts and measures.

8) Comparison of PEISS and JICA Guidelines/World Bank (WB) Safeguard Policies

In comparison to the JICA Guidelines and World Bank Operational Policy 4.01 - Environmental
Assessment (hereafter referred to as WB OP 4.01), there are no variances in terms of the objectives of the

Ji

CA Guidelines/WB OP 4.01 and the Philippines’ goal as provided in its constitution, environmental

policies, EIS system law, and local government code.

7.

2.2 Other Environmental Laws and Regulations Concerning the Project

Major environmental laws and regulations, which may be relevant to the interchange projects, must be
observed. The PEISS states obligations to strictly comply with the environmental laws, regulations and
standards, which have been established by the Philippine government. When project type, location, scale,
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and magnitude of potential impacts are clarified, all concerning laws and regulations should be identified
to examine the requirements.

1) Environment Code, Presidential Decree No. 1152

Known as the Philippine Environment Code, it launches a comprehensive program on environmental
protection and management. It also provides for air, water quality, land use, natural resources and waste
management for fisheries and aquatic resources; wildlife; forestry and soil conservation; flood control and
natural calamities; energy development; conservation and utilization of surface and ground water and
mineral resources.

2) Water Code, Presidential Decree No. 1067

This is a decree instituting a water code which revised and consolidated the laws governing the ownership,
appropriation, utilization, exploitation, development, conservation and protection of water resources.

3) Clean Water Act, Republic Act 9275

An Act which aims to protect the country’s water bodies from pollution from all possible sources
(industrial, commercial, agricultural and household activities). It provides for a comprehensive and
integrated strategy to prevent and minimize pollution through a multi-sectoral and participatory approach
involving all the stakeholders.

4) Clean Air Act of 1999, Republic Act No. 8749

This is an Act which lays down policies to prevent and control air pollution. The act sets standards
forexhaust gas from vehicles, manufacturing plants and so on to follow. All potential source of air
pollution must comply with the provisions of the Act. As such, all emissions must be with in the air
quality standards set under the law. It also imposes appropriate punishments for violators of the law.

5) Ecological Solid Waste Management Act, Republic Act No. 9003 (2000)

This is an Act providing for an ecological solid waste management program, creating the necessary
institutional mechanisms and incentives, declaring certain acts that are prohibited and providing penalties,
appropriating funds therefore, and for other purposes.

6) Pollution Control Law, Presidential Decree No. 984

This is an Act that serves as the foundation for managing industrial activities which create impacts on air
and water quality. It empowers the DENR to impose ex-parte cease and desist orders on the grounds of
immediate threat to life, public health, safety or welfare, or to animal or plant life when wastes or
discharges exceed the normal.

7) Forestry Reform Code, Presidential Decree No. 705

The Forestry Reform Code of the Philippines recognizes that there is an urgent need for proper
classification; management and utilization of the lands of the public domain to maximize their
productivity to meet the demands of the increasing population of the Philippines. It surmises that to
achieve the above purpose, it is necessary to reassess the multiple uses of forest lands and resources
before allowing any utilization to optimize the benefits that can be derived. It also emphasizes not only
the utilization but more so the protection, rehabilitation and development of forest lands to ensure the
continuity of their productive condition.
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7.2.3

Legal and Institutional Framework for Social Considerations

1) Laws and Regulations on Social Considerations

The policy framework governing Resettlement Action Plans for Structures and Land is derived from the
Philippine Constitution, Republic Act (RA) 8974, RA 8371 or the Indigenous Peoples’ Rights Act,
Environmental and Social Safeguards Policies of the financing institutions and other applicable laws.
Various provisions and prescriptions of laws, policies and guidelines governing the operation and
implementation of resettlement action plans and safeguards for indigenous peoples are listed below.

a)

b)

1987 Constitution of the Republic of the Philippines

The national basic policy on land acquisition and involuntary resettlement is based on the
following articles. Article 1ll, Bill of Rights, Section 1: “No person shall be deprived of life,
liberty, or property without due process of law, nor shall any person be denied the equal
protection of the laws”. Article 111, Bill of Rights, Section 9: “Private property shall not be taken
for public use without just compensation.”

Acrticle XIII, Urban Land Reform and Hosing, Section 9: “The State shall, by law, and for the
common good, undertake, in cooperation with the private sector, a continuing program of urban
land reform and housing which will make available at affordable cost, decent housing and basic
services to under-privileged and homeless citizens in urban centers and resettlement areas. It shall
also promote adequate employment opportunities to such citizens. In the implementation of such
program the State shall respect the rights of small property owners.”

Article X111, Urban Land Reform and Hosing, Section 10: “Urban or rural poor dwellers shall not
be evicted nor their dwelling demolished, except in accordance with law and in a just and humane
manner. No resettlement of urban or rural dwellers shall be undertaken without adequate
consultation with them and the communities where they are to be relocated.”

RA 7167- Local Government Code of 1991

According to Section 19, the power of eminent domain may not be exercised unless a valid and
definite offer has been previously made to the owner, and such offer was not accepted. The local
government unit may immediately take possession of the property upon the filing of the
expropriation proceedings and upon making a deposit with the proper court of at least fifteen
percent (15%) of the fair market value of the property based on the current tax declaration of the
property to be expropriated, and further the amount to be paid for the expropriated property shall
be determined by the proper court, based on the fair market value at the time of the taking of the

property.
RA 7279- Urban Development and Housing Act of 1992

The mandate of RA 7279 is to uplift the conditions of the underprivileged and homeless citizens
in urban areas and in resettlement areas by making available to them decent housing at affordable
cost, basic services, and employment opportunities. Also the act provides for an equitable land
tenure system that shall guarantee security of tenure to Program beneficiaries but shall respect the
rights of small property owners and ensure the payment of just compensation.

Eviction or demolition may be allowed under the following situations:

» When persons or entities occupy dangerous areas such as esteros, railroad tracks, garbage
dumps, riverbanks, shorelines, waterways, and other public places such as sidewalks, roads,
parks, and playgrounds.
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d)

» When government infrastructure projects with available funding are about to be implemented.
¢ When there is a court order for eviction and demolition.

Section 21: Basic Services. Socialized housing or resettlement areas shall be provided by the
LGUs or the National Housing Authority (NHA) in cooperation with the private developers and
concerned agencies with the following basic services and facilities: (a) Potable water; (b) Power
and electricity and an adequate power distribution system; (c) Sewerage facilities and an efficient
and adequate solid waste disposal system; and (d) Access to primary roads and transportation
facilities.

The provision of other basic services and facilities such as health, education, communication,
security, recreation, relief and welfare shall be planned and shall be given priority for
implementation by the local government unit and concerned agencies in cooperation with the
private sector and the beneficiaries themselves.

RA 8974: An Act to Facilitate the Acquisition of Right-of-Way, Site, or Location for National
Government Infrastructure Projects and for Other Purposes

RA 8974 establishes a uniform basis for determining just compensation for immediate possession
of the property involved in eminent domain proceedings. Section 4 Guidelines for Expropriation
Proceedings: Whenever it is necessary to acquire real property for the ROW or location for any
national government infrastructure project through expropriation, the appropriate implementing
agency shall initiate the expropriation proceedings before the proper court under the following
guidelines:

i) the agency shall immediately pay the owner of the property the amount equivalent to the sum
of one hundred percent (100%) of the value of the property based on the current relevant
zonal valuation of the Bureau of Internal Revenue (BIR); and the value of the improvements
and/or structures;

ii) where there is no zonal valuation, the BIR is mandated within the period of 60 days from the
date of the expropriation case to come up with the zonal valuation of the area;

iii) if there is no existing valuation, the implement agency shall immediately pay the owner its
proffered value based on standards as follows:

Section 5: Standards for the Assessment of the Value of the Land Subject of Expropriation
Proceedings or Negotiated Sale:

i) Classification and use for which property is suited;

i) The development costs for improving the land;

iii) The value declared by the owners;

iv) The current selling price of similar lands in the vicinity;

v) The reasonable disturbance compensation for the removal or demolition of certain
improvements on the land and for the value of improvements;

vi) The size, shape or location, tax declaration and zonal valuation of the land.

Section 9, Squatter Relocation: The government through the NHA, in coordination with the
LGUs and implementing agencies concerned, shall establish and develop squatter relocation sites,
including the provision of adequate utilities and services, in anticipation of squatters that have to
be removed from the right-of-way or site of future infrastructure projects. Whenever applicable,
the concerned local government units shall provide and administer the relocation sites.
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e) Indigenous Peoples’ Rights Act (IPRA) of 1997

The IPRA sets conditions, requirements, and safeguards for plans, programs, and projects
affecting Indigenous Peoples (IPs). It spells out and protects the rights of IPs. The important
provisions of the IPRA are:

i) The right to their ancestral domains (Chapter 111, Section 11);

ii) The right to an informed and intelligent participation in the formulation and implementation
of any project, government or private, that will impact upon their ancestral domains (Chapter
111, Section 7b);

iii) The right to participate fully, if they so choose, at all levels of decision-making in matters
which may affect their rights, lives and destinies through procedures determined by them
(Chapter IV, Section 16);

iv) The right to receive just and fair compensation for any damages inflicted by or as a result of
any project, government or private (Chapter I1l, Section 7b);

v) The right to stay in their territory and not to be removed from that territory. If relocation is
necessary as an exceptional measure, it can only take place with free and prior informed
consent of the IPs and Indigenous Cultural Communities (ICCs) concerned (Chapter IllI,
Section 7¢);

vi) The right to be secure in the lands to which they have been resettled (Chapter 111, Section 7d);

vii) The right to determine and decide their own priorities for the lands they own, occupy, or use
(Chapter IV, Section 17);

viii) The right to maintain, protect, and have access to their religious and cultural sites (Chapter

IV, Section 33);

iX) The IPRA also created the National Commission on Indigenous Peoples (NCIP) to carry out
the policies set forth in the IPRA. The NCIP has issued a number of orders that puts into
operation the provisions of the IPRA; the most important for the purposes of this policy is
NCIP Administrative Order No. 1 or the Free and Prior Informed Consent Guidelines of 2006.

2) Responsible Government Authorities

There is no government authority in charge to specialize in the land acquisition and resettlement in the
Philippines. Therefore, the project competent authorities independently handle the land acquisition and
resettlement. In addition to DPWH, the following authorities have the opportunity to implement the ROW
acquisition. However, only DPWH has developed its own guidelines and manuals. Other authorities are
said to just follow the DPWH procedures and international donors’ safeguard policies.

*  National Housing Authority

»  National Power Corporation

e Transmission Corporation

» National Irrigation Administration
*  Department of Agrarian Reform

3) Comparison of Philippines Policies and JICA Guidelines/WB Safeguard Policies on
Involuntary Resettlement

A comparison of Philippine and JICA Guidelines/ WB Safeguard Policies on resettlement and
compensation was undertaken. The principles of the JICA Guidelines are fundamentally harmonized with
WB Safeguard Policies. Table 7.2-8 summarizes the comparison of relevant regulations in the Philippines
and the JICA Guideline/WB Policies on involuntary resettlement.
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7.3

Review of EIA Reports

The Study Team reviewed the following documents of the LRT Line 1Cavite Extension Project.

7.3.1

ECC and EIS in 2002

In 1999, an EIA study for LRT Line 1 Extension Project was conducted to draw up the EIS and submit
DENR-EMB. The ECC for the Extension Project was granted by the DENR on December 11, 2002.
However, the ECC was automatically cancelled in 2005 after 3 years of the project non-implementation.
LRTA sought for an extension of the ECC which was granted but eventually expired in 2007.

The ECC was issued subject to the following conditions:

To complete the relocation area for affected families in coordination with Local Government
Units (LGUs) and other concerned agencies and implement relocation activities;

To implement all necessary mitigation measures and environmental monitoring and management
plans contained in EIS;

To implement an Integrate Solid Waste Management Program, a workable Traffic Management
Program and a Social Development Program

To design and undertake an effective continuing Information, Education and Communication
Program throughout the pre-construction, construction and operational phases of the project;

To set up the following:

» Environment Guarantee Fund to cover expenses for compensation of damages to life
and property that may be caused by the project, for restoration of areas affected by the
project’s construction and operation, for compensation of parties and communities
affected by possible negative impacts and as a source of fund for contingency;

» A Multi-partite Monitoring Team (MMT) composed of representatives from the
proponent, DENR, a local environmental Non-Government Organization or People’s
Organization, LGUs, affected communities, and municipal/rural health centers; and

» An Environmental Monitoring Fund to cover all cost attendant to the operation of the
MMT such as meetings, trainings, sampling and analysis, hiring of technical experts,
meals, accommodations and transportation.

7.3.2 ECCandEISin 2012

In early 2012, the EIA study for LRT Line 1 Cavite Extension Project was conducted again for LRTA by
Berkman International, Inc. The required EIA documents for ECC application were drew up and
submitted to DENR-EMB.

The progress of ECC application is shown in Table 7.3-1. The EIS has been reviewed by the EIA Review
Committee of DENR-EMB. According to LRTA, the ECC will be issued in the end of September 2012.
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Table 7.3-1 Timetable of ECC Application

April 13,2012 | « EPRPM was submitted to DENR-EMB from LRTA to obtain the ECC.
e The EIA Review Committee was held at the central DENR/EMB office and requested
May 8, 2012 LRTA to hold another round of public consultations.
o DENR/EMB also requested LRTA to submit the EIS instead of the EPRPM.
May22, 2012 o LRTA sent arequest letter for reconsideration not to hold another public consultation.

June 12, 2012

e Although LRTA has not received the official letter from DENR-EMB, LRTA’S request
not to conduct another public consultation was approved.

June 20, 2012

e LRTA submitted the EIS to EMB.

(The EIS has been reviewed by the EIA Review Committee of the DENR-EMB.)

September, 2012

e The ECC will be issued when LRTA pays for the Environment Guarantee Fund.

Source: Study Team

7.3.3 Review of the EIS for LRT Line 1Cavite Extension Project (2012)

The JICA Survey Team received the copies of EPRMP and draft EIS. The EIS remained the same
contents as the EPRMP. The JICA Study Team has closely examined the EIS report with respect to the
items in accordance with the JICA Guidelines.

The comparative study of EIS and recommendations for mitigation measures are summarized in Table
7.3-2 for pre-construction and construction phase and in Table 7.3-3 for operational phase.

The comparative study of EIS and recommendations for the Environmental Monitoring Plan are
summarized in Table 7.3-4 for pre-construction and construction phase and in Table 7.3-5 for operational

phase.

The results of monitoring will be provided to JICA on a quarterly basis as a part of the progress reports
during construction and biannually until two years after completion of the Project by filling the
Monitoring Form. The draft Monitoring Form is attached to Appendix D-1.
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7.4 Supplementary EIA Study

The scope of work of JICA loan includes development of two depots, namely, the existing depot at
Baclaran and the satellite depot at Zapote.

7.4.1 Existing Depot at Baclaran

Because all of the development works in the existing depot will be implemented within the ROW of
LRTA, there will be no additional land acquisition. Furthermore, the expansion area of the existing depot
is already developed and utilized for the administrative facilities and open space for future use. Therefore
any supplementary EIA survey will not be needed to grasp the current environmental and social
conditions.

7.4.2 Satellite Depot at Zapote

The site for the Satellite Depot is a flood plain swamp located in the river mouth of Zapote River.
Informal settlers have settled along the perimeter of the swamp and the bank of Zapote River. They have
used large mangroves trees for houses and charcoals, and polluted the swamp with waste and wastewater
for a long time. However, a few small mangrove trees are still remaining in the swamp and creek.
Therefore the JICA Study Team is carrying out the following environmental surveys by entrusting by
reliable and experienced local consultants.

1) Flora and Fauna Survey
a) Survey Method
The objective of flora and fauna survey is to investigate the existence of protected species in and
around the proposed Satellite Depot, especially mangrove swamp shown in Figure 7.4-1. The

obtained information will be used as the baseline conditions for the supplemental EIA study, in
order to assess the impacts on those species and elaborate the mitigation measures.

Survey sites

Figure 7.4-1 Location of the Flora and Fauna Survey

Table 7.4-1 summarizes target species to be surveyed, survey method and survey period.
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Table 7.4-1 Flora and Fauna Survey Specification

Items « Protected species declared as endangered or threatened species under DAO No. 2004-15 and DAO
No. 2007-01, RA N0.9147 the Wildlife Resources Conservation and Protection Act of 2001;

« Threatened species (grouped as EN, CR, VU) in the IUCN Red List and Philippine Red Data
Book;

« Avian species, which are included in the list of the Convention on the Conservation of Migratory
Species of Wild Animals; and

« Locally important species for the livelihood of local residents

Survey location | Swamp and Creek (Figure 7.4-1)

Survey method | Mangroves and terrestrial vegetation Visual observation, transect method
Mammals Tracks and Scats, Traps
Birds Visual, call census and transect method
Coastal swamp animals | Amphibian Active searches
and fish Reptilian Active searches
Insects Active searches, Traps
Fish Active searches, Fish net

Period/schedule | One week in the middle of June 2012

Source: Study Team

b) Results of Flora and Fauna Survey

Flora

The tree species as well as shrub, herb, and other non-woody plant species that were identified in
the study sites are shown in Appendix D-2.

None of the species reported in our results are classified as threatened or endangered.

The most abundant tree species surveyed was a mangrove tree called Api-api (Avicennia marina).
This is expected, since the entire Manila Bay was historically covered with large tracts of the
mangrove ecosystem. Unfortunately, what used to be a lush and diverse biome has now been
decimated to only a handful of species.

Furthermore, most of the tree and plant species surveyed were fruit trees or ornamentals, such as
Atis (Annona squamosa), Sampaloc (Tamarindus indicus) and Talisay (Terminalia catappa), that
were probably planted by the residents in the settlements. In addition, some residents also
practice subsistence farming, wherein they plant cassava (Manihot esculenta), camote (Ipomoea
batatas), etc. The other plants are weeds or grassland species typical of highly disturbed habitats.

Fauna

There were no fauna species listed as threatened under international and national lists specifically
from published list of the International Union for Conservation of Nature (2012), Convention on
International Trade in Endangered Species of Wild Fauna and Flora (2011; Appendices I-111) and
Convention on the Conservation of Migratory Species of Wild Animals (2012; Appendices | &

).
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i)

Birds: A total of fourteen species of birds were observed in all areas of the proposed project site
in Las Pifias, Cavite. Majority of the species were resident breeding or those that can be found
in the Philippine islands as well as in other areas of Southeast Asia. This type of species is also
considered geographically widespread. Three species were migratory or those that do not breed
in the Philippines. The migrants include the most abundant species in the area which was the
Little Egret numbering to at least fifty individuals.

The bird profile was typical of muddy shoreline areas as it was composed of wading species
(shorebirds) such as the egret, a heron, night herons and watermen. These types of birds still
persisted in the undeveloped muddy intertidal areas which were surrounded by human
settlements and engulfed by solid garbage (refer to Appendix D-2).

Other wildlife inventory: Opportunistic observations lead to documentation of small mammals
such as the remains of the Asian house shrew Suncus murinus. This small mammal is a close
relative of true rodents. Based on literature reviews, abundance of garbage and dense human
settlements should pave way for rats to occur which is likely the Oriental house rat Rattus
tanezumi. As for cold-bloodied animals, even though it was not observed the Marine Toad
Rhinella marina is likely to occur in the area as this species is globally widespread and have
become associated with human communities.

2) Sediment Quality Survey

Survey Method

In order to develop the Satellite Depot in the swamp, excavation of soil and sediments, and
ground improvement work will be required before grading. The JICA Study Team is carrying out
sediment quality survey in the middle of June, in order to investigate the present concentration of
hazardous chemicals and heavy metals in sediment of the swamp and consider the adequate
disposal methods.

The sampling location is shown in Figure 7.4-2. The obtained data will be used to evaluate the
pollution levels of sediment and elaborate the mitigation measures in the supplemental EIA study.
Table 7.4-2 summarized measurement parameters, sampling period and survey method.

Table 7.4-2 Sediment Quality Survey Specification

Physical parameters Particle size distribution, Moisture content
Nutrients Total Organic Carbon, Total Nitrogen, Total Phosphorus
Parameters Heavy Metals As, Cd, Cr, Cu, Pb, Hg, Ni and Zn;

Persistent Organic Pollutants (POPs) | HCB, DDT, Chlordane, Aldrin, Dieldrin, Endrin and total PCB
Polycyclic Aromatic Hydrocarbons| Total PAHs

Survey location

2 sites (Figure 7.4-2)

Survey method

Sediment soil samples were collected and analyzed at the qualified lab.

Period/schedule

Field sampling in one day (June 2012)
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Source: Study Team

QO Yellow dot: Sediment Sampling Site
Figure 7.4-2 Location of Sediment Quality Survey

b) Results of Sediment Survey

The concentrations of heavy metals and chemical compounds such as Persistent Organic
Pollutants (POPs) and Polycyclic Aromatic Hydrocarbons (PAHS) in the sediments of two sites
were compared with the Canadian Sediment Quality Guidelines for the Protection of Aquatic Life.
Refer to Appendix D-2 for details.

The Canadian Interim Sediment Quality Guidelines include threshold effect levels (TELS) and
probable effect levels (PELs) for freshwater and marine (including estuarine). The levels are used
to identify the three ranges of chemical concentrations with regards to biological effects. If below
TEL, the minimal effect range within which adverse effects rarely occur; if between TEL and
PEL, the possible effect range within which adverse effects occasionally occur; and if above PEL,
the probable effect range within which adverse effects frequently occur.

The following observations can be made on the present pollution conditions.

i) Heavy Metals:
As and Cr are below TEL; Cu, Hg and Pb are between TEL and PEL; and Zn is above PEL.
The value of Cd is inconclusive as its quantification limit is above TEL, though it is definitely
below PEL. There are no TEL and PEL values for Ni.

i) POPs and PAHSs:
Although the results of all organic compounds are lower than the quantification limits, this does
not mean their concentrations are below the TEL and/or PEL. Some of POPs and PAHs might
be exist at TEL and/or PEL.

Some heavy metals are observed at TEL and even PEL. This is because the areas of Wawa 1 and
Wawa 2 are near the dump sites, and there are numerous households around them who contribute
to waste accretion. Therefore, more sediment samples shall be collected and rigorously analyzed
to investigate the extent of pollutant levels during the pre-construction phase.
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7.5 Review of RAP

7.5.1 RAP Documents

In 2002 a Resettlement Action Plan (RAP) was once prepared for LRTA by Test Consultants, Inc.
However, the LRT Line 1 Extension Project was not implemented.

In November 2008, based on a series of consultations with affected households, “Social Preparation,
Community Relations, and Other Pre-Relocation and Post-Relocation Activities for All Affected Informal
Settlers along the Alignment of the Proposed LRT Line-1 South Extension Project” was made, which
focused on the Relocation Action Plan (RLAP) for informal settlers.

The RLAP was revised by LRTA in 2012 to update the relocation work schedule started from April 2012.
However, due to the delay of the project, the relocation work has not been implemented yet.

7.5.2 Current Situation of Affected Informal Settlers

1) Extension Line

Table 7.5-1 shows the summary of qualified beneficiaries of informal settlers as per census and tagging
operation, according to RLAP (2008). The documented number of households to be relocated was 1,714
in 2008.

Table 7.5-1 Qualify Prospective Beneficiaries

Paranaque City Las Pifias City Bacoor, Cavite
Structure Owner 589 65 685
Renter 119 9 167
Rent-free Occupants 26 8 32
Care Taker 0 0 4
Absent House Owner 2 0 8
Total 736 82 896

Source: LRTA/ Test Consultants, Inc.
2) Existing Depot at Baclaran

There will be no involuntary resettlement in the existing depot at Baclaran since the lots are owned by
LRTA.

3) Satellite Depot at Zapote

The lots for the proposed Satellite Depot have been acquired by LRTA. The areas of informal settlers in
the proposed Satellite Depot are called Wawa land Wawa 2 of Longos shown in Figure 7.5-1.

LRTA started the re-tagging and re-census survey in the middle of July 2012. According to the survey
result, the number of Project Affected Persons (PAPs) within the proposed Satellite Depot is 194. The list
of potential affected households is presented in Appendix D-3. The Study Team requested LRTA to
confirm that the affected families in Wawa 1 and Wawa 2 be surely on the list of the beneficiaries of the
RAP.
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Source: Study Team
C] Satellite Depot LOT 2 (LRTA)

Structures of informal settlers to be relocated in Satellite Depot

Figure 7.5-1 Proposed Satellite Depot Site

4) Relocation Site

In accordance with the Memorandum of Agreement between LRTA and the province of Cavite, the
provincial government of Cavite has responsible for the identification, acquisition and development of a
relocation site. The province of Cavite will support the livelihood recover program at the relocation site
such as education assistance, job placement and training.

The provincial government has considered as a potential site at Amadeo and also two sites at General
Trias in Cavite. Site selection criteria are as follows:

» Feasibility of employment opportunities for informal settles in nearby areas;

» Auvailability of basic services and facilities such as electricity and water supply already existing;

e Transportation cost to work place is affordable;

e The site does not require excessive leveling cutting and filling:

» Environmentally friendly areas that are no flooding and no earthquake zones

« Financial feasibility and viability where land valuation offer is less; and

e Comparability of existing zoning.

The relocation site was selected in General Trias, Cavite based on the survey results, consultation
meetings, and internationally-accepted guidelines on relocation of informal settlers, who opted for
relocation within the Province of Cavite (Figure 7.5-2). The land acquisition process is in accordance
with RA 8974 and RA 7279. Acquisition cost was Php125,488,200 to purchase 14 parcels of land, 1
residential and 13 agricultural lands totaling to 20 hectares. Total cost including land acquisition,
development for relocation site and construction of housing units was estimated Php 554,034,000.

The provincial government of Cavite obtained the ECC for the Cavite-LRTA Housing Project from
DENR-EMB in March 2010 with the Initial Environmental Examination Report.

Horizontal development of the resettlement site has been substantially completed in November 2010, and
about 180 housing units have been constructed. The construction of the remaining 1,820 housing units
will be started as soon as LRTA has transferred the additional budget, and take 300 calendar days for
construction (Figure 7.5-3).
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Figure 7.5-2 Location of Resettlement Site, General Trias, Cavite
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Figure 7.5-3 Site Development Plan at General Trias, Cavite

7.5.3 Review of RLAP

Table 7.5-2 summarized the review results and recommendations based on the JICA Guidelines and
World Bank OP 4.12. As reviewed in Section 7.2, the RLAP was prepared in accordance with the 1987
Philippines Constitution and the Urban Development and Housing Act of 1992.
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7.6 Supplementary RAP Study

LRTA has started the re-census survey and retagging operation from late July 2012 for three months, to
review the present status informal settles in the project area and validate the masterlist of the RLAP 2008,
including the Satellite Depot. Then LRTA will make an updated list of beneficiaries. Therefore the JICA
Study Team considers that it is not necessary to conduct the supplementary RAP survey.

However, as indicated in Table 7.5-3, the RLAPs (2008 and 2012) have only covered the affected
households of the informal settlers. Therefore, LRTA should draw up the RAP to cover not only the
informal settlers but also the legal land owners and business owners. The entitlement matrix which covers

both informal settlers and legal asset owners (refer to Appendix D-4) has been discussed with LRTA to
be included in the RAP.

7.7 Review by JICA Environmental Checklist

The JICA Survey Team assisted LRTA with elaborating the JICA Environment Checklist to comply with
the JICA Guidelines.

The draft JICA Environment Checklist is shown in Appendix D-5.
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CHAPTER 8 CONSIDERATION ON PROJECT EFFECTS

8.1 Methodology

This chapter shows items as follows about Line 1 South Extension Project, referring to existing study.
8.1.1 Operation / Effect Indicators

Table 8.1-1 shows the indicators selected for the estimation of project effects with reason for selection.

Table 8.1-1 Reason for selection of operation/effect indicators

No. Operation or effect indicators Reason for selection

1. | Passenger-km Shows railway productivity

2. | The number of trains in operation Shows service ability of train operation

3. | Workable car ratio Shows car operation efficiency

4. | Train-km Shows train service efficiency

5. | Fare revenue Shows commercial merit of the project

6. | Fare Box Ratio Shows profitability of the project

7. | Non-railway revenue Shows potential of auxiliary business field
8. | Load factor Shows profitability of the project

Source; Study Team
8.1.2 Qualitative effects for surrounding area of new stations and along the new line

Qualitative effects for surrounding area of new stations and along the new line are estimated as 4 items
shown as follows:

Elimination of inconvenient area for using railway
Improvement of daily life conveniences

Change of land use

Traffic accident reduction

V'V VY

8.1.3 Estimating Greenhouse Gas Reduction
Study team calculates the benefit with reduction of CO, emission, referring to “Climate Finance Impact
Tool for Mitigation and Adaptation (Summary) Ver. 1.0, JICA, 2011”. Conversion from auto
transportation is assumed following items.

» Reduction of CO, emission in vehicle

» CO, emission by rail

» Benefit of CO, emission reduction balance
8.2 Operation / Effect Indicators

The calculation of indexes is done for whole section including existing section and extension section. The
results of operation/effect indicators are shown in Table 8.2-1.
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Table 8.2-1 Calculation result of operation or effect indicators

No. Operation or effect indicators Actual in 2011 Desired in 2018.
(2 years after opening)

1. Passenger-km 3,791 5,922
2. | The number of trains in operation 222 258
3. Workable car ratio 76.4 95%
4, Train-km 2,787,615 5,413,006
5. Fare revenue 2,285.61 -
6. Fare Box Ratio 1.09 -
7. Non-railway revenue 157.83 -
8. Load factor 77.32 -

8.3 Qualitative Effects for Surrounding Area of New Stations Along the New Line

The existing study of Line 1 South Extension Project was reviewed in this study. CONSIDERATION
ON PROJECT EFFECT shows items as follows about Line 1 Extension Project, referring to existing
study®. Proposed Land Use of Parafiaque City and Existing Land Use of Las Pifias City are shown as
below.

Source; Existing Study

Figure 8.3-1 Proposed Land Use of Parafiaque City

! Environmental Performance Report and Management Plan (EPRMP) / Light Rail Transit Line 1 Cavite Extension Project
(Baclaran to Cavite) / 27 March 2012 / Submitted to: Environmental Management Bureau, Submitted by: Light Rail Transit
Authority, Prepared by: Berkaman International Inc.
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Source; Existing Study

Figure 8.3-2 Existing Land Use of Las Pifias City

The alignment of Line 1 South Extension is planned at the end of north western part of these cities. There
is a room to develop around the new station area and trunk roads connect to the line. Ridership from
inland are expected.



Source; Study Team
Figure 8.3-3 Distribution of facilities with rail accessibility improvement (New 8 Stations)

Table 8.3-1 The facilities with accessibility improvement (New 8 Stations)

Source; Study Team



Source; Study Team

Figure 8.3-4 Distribution of facilities with rail accessibility improvement (New 10 Stations)

Table 8.3-2 The facilities with accessibility improvement (New 10 Stations)

Source; Study Team



And the elimination effect of train use inconvenient area, new 10 stations, is shown in Table 8.3-3.
More than 300 thousand population of beneficiaries are expected along the extension section.

Table 8.3-3 Effect of eliminating inconvenient area for rail use area (New 10 Stations)

No. Station Population of Beneficiaries (Pop.)
1 Redemptorist 10,666
2 MIA 13,105
3 Asia World 38,049
4 Ninoy Aquino 18,512
5 Dr. Santos 37,324
6 Manuyo Uno 21,415
7 Las Pinas 42,345
8 Zapote 36,913
9 Talaba 52,059
10 Niyog 32,712

Total 303,097

Source: Study team referring “The Philippines2010 Census™

LRT Line 1, applying two-level crossing through whole section, is safer than typical land transport mode.
The extension section is including traffic congested area. Public utility vehicles, especially jeepney, stop
wherever and whenever the driver and passenger want by preference. Therefore modal shift is expected to
reduce the traffic accident.

Figure 8.3-5 shows the number of accident on road in Metro Manila marked up by car type. Car and
motorcycle stand out and Jeepney occupies 10% in fatal accident, 9% in non fatal injury, and 8% in
damage to property.

70,000 M Cycle Pedicab
® Motorcycle
60,000 .
B Motor Tricycle
50,000 W Car
H Jeepney
40,000 M Taxi / Fx
B Bus
30,000 B Van
Truck
20,000 .
B Train
10,000 W Kuliglig
Horse-drawn vehicle
0 . Push Cart
Fatal Non Fatal Damage to Heavy Equipment
Insury Property Unknown vehicle

Source: Study team referring as “Metro Manila Accident Recording and Analysis System (MMRAS)
Traffic Accident Report January to December 2011, Produced by the Road Safety Unit (RSU),
Traffic and Transport Management Office (TTMO), and Metropolitan Manila development
Authority (MMDA)”

Figure 8.3-5 The number of accident on road in Metro Manila <Type>



Figure 8.3-6 shows the number of accident on road in Metro Manila maked up by area. Quezon stand out
and Las Pifias occupies 2% in fatal accident, 3% in non-fatal injury, and 4% in damage to property. Also
Parafaque occupies 5% in fatal accident, 6% in non-fatal injury, and 5% in damage to property.

25,000 W Caloocan

M Las Pinas

B Makati

20,000 B Malabon

B Mandaluyong

B Manila

15,000 ~ mMarikina

B Muntinlupa
Navotas

B Paranaque

W Pasay
Pasig
Pateros
Queson

0 SanJuan

Fatal Only Non Fatal Only Damage to Taquig
Property Only Valenzuela

10,000 —

5,000 B

Source: Study team referring as “Metro Manila Accident Recording and Analysis System (MMRAS)
Traffic Accident Report January to December 2011, Produced by the Road Safety Unit (RSU),
Traffic and Transport Management Office (TTMO), and Metropolitan Manila development
Authority (MMDA)”

Figure 8.3-6 The number of accident on road in Metro Manila <Area>

Figure 8.3-7 shows the comparison of number of traffic accident between NCR and Cavite. Cavite’s
Serious + Minor Injury ratio is higher than NCR. There is no data of accident divided by car type
concerning about Cavite.

2,500
2,000
1,500
M Fatal
M Seriious + Minor Injury
1,000
Property Damage
500 - —
0 1
NCR CAVITE

Source:” Annual Statistics data for disaster, accident and incident on trunk roads,
DPWH Planning Services™

Figure 8.3-7 The number of accident on road comparing NCR and Cavite 2005 - 2011



These three graphs show that there are traffic accidents universally in south extension section, Las Pinas
and Paranaque in NCR, and Cavite. But the number of them is not crucial as Quezon. And the number of
motorcycle and car will not decrease by the Line 1 extension impact. The effect by decreasing Jeepney
will be limited.

Table 8.3-4 shows the train incident / accident for Line 1 recent 4 years. There were damages to property,
but there was not serious fatal and injury in commercial operation.

Table 8.3-4 Train Incident / Accident Report for Line 1 2008 - 2011

2011
Damaged door at LRV | Incident occurred while a 1st generation train set being towed
9-May 1053 during depot by unimog from depot track 4 on its route to the washing plant.
maneuvering
No traction of index # 14 Commotion of passengers  at platform of UN Ave. s_tatio_n
28-Mar at UN Ave. Station squ'ghbound durln_g the unlo_adlng process, _thus_ makmg_ it
(Southbound) dIffICUl'[. for the ngh Speed Line (HSL) technician in detecting
thee activated doors in LRV 1017.
LRV 1236 which was on the way to the reversing track from
18-Feb Incident Crossover # 17 | platform #2 of Roosevelt Station came into contact and side
at Roosevelt Station swept LRV 1015 (which was leaving the reversing area and
going to Platform # 1 of Roosevelt Station southbound.
2010
. . Train index 10 which was proceeding from the temporary
24-Jun AcmdentsiattBallntawak reversing track 2 of Balintawak bumped train index 25 which
ation was then parked at platform 1 of Balintawak Station.
Overhead catenary Sparking of a portion of the overhead catenary wire between G.
messenger wire detached | Puyat and Libertad Stations Southbound direction (track 1).
15-Feb .
between Gil Puyat -
Libertad track 1.
2008
1-Sep Forceably opening of Flap window was forcibly opened at Vito Cruz northbound by a
flap window certain Ronaldo Romero of Caloocan City.

Source: LRTA

So the effect of traffic accident reduction by Line 1 south extension project is expected, but the impact
will be estimated limited.

8.4 Estimating Greenhouse Gas Reduction

The effect of reduction of CO, emission is shown referring to “Climate Finance Impact Tool for
Mitigation and Adaptation (Summary) Ver. 1.0, JICA, 2011”. Table 8.4-1 shows the result of the

estimation of reduction of greenhouse gas. The Project is effective for the reduction of greenhouse gas.
The balance for reduction of CO, emission will be increasing gradually.

Table 8.4-1 Result of the estimation of reduction of greenhouse gas
Unit: tCO, /year

Items 2015 2020 2025 2030 2035
Base Line 16,988,561 | 18,139,451 | 18,970,290 | 19,545,735 | 19,988,634
Project Conver_sion from PUJ 1,578,816 | 1,685,773 | 1,762,987 | 1,816,465 | 1,857,626
Increasing 376,152 811,491 940,680 | 1,038,624 | 1,118,842
Reduction of CO, emission 15,033,593 | 15,642,187 | 16,266,623 | 16,690,646 | 17,012,167

Source: Study team referring ““Climate Finance Impact Tool for Mitigation and Adaptation (Summary) Ver. 1.0, JICA, 2011”

8-8



8.5

8.5.1

EIRR & FIRR (Economic & Financial Evaluation)

Economic Analysis

The project is evaluated to determine its economic viability based on the EIRR estimate by comparing the
economic costs and benefits over the life of the Project, which is normally assumed to be 30 years after
opening.

1) Methodology and Assumptions

a.

Methodology

The Project is evaluated from the economic perspective, following a prevailing method of cost-
benefit analysis, in which the project cost and benefit are measured in economic price and
compared through the project life. Economic cost is the initial investment cost, rolling stock cost
and O&M cost of the Project.

Economic Benefit Items to be analysed

Economic benefit of the Project is defined as the savings in VOC (Vehicle Operation Costs) and
TTC (Travel Time Costs) attributable to the Project. The benefit is the most direct one and
comparatively easy to quantity. The benefit is estimated through “with and without” comparison
of traffic demand analysis.

» LRT User’s Benefit: Reduction in vehicle operating cost (VOC) and savings in travel time
cost (TTC) due to usage of LRT extension section (due to shift from private/public transport
on road to LRT)

» Road User’s Benefit along LRT Line 1 Corridor: Reduction in traffic congestion on the
existing road (along LRT Line 1 corridor), as can be seen in increases in travel speeds and
reduction in VOCs

> Benefit by CO, Reduction: CO, reduction by decrease of traffic volume on the existing road
(along LRT Line 1 corridor), as can be seen in shifting from road transport to LRT.

The Project would generate other economic benefits such as decrease of traffic accidents,
improvement in passengers’ comfort ability and contribution to regional development in the long
run. However, these benefits are difficult to measure and tend to be an arbitrary estimate, even
they can be measured. For that reason, economic benefit is limited to the most direct ones to make
the analysis safer.

Economic Cost Items to be analyzed

Economic cost is defined as a net consumption of goods and service for implementation of the
project. In order to estimate this economic cost of the Project, the initial cost, rolling stock cost
and the O&M cost stated in this Report, which is measured in financial cost, need to be converted
to costs in economic price. According to various feasibility studies conducted in the Philippines,
NEDA has seemingly suggested the following methods for this conversion;

» Application of Standard Conversion Factor (SCF): Economic cost is simply estimated by
multiplying SCF to financial cost. The previous projects by JICA or ADB, adopted this
method using 0.83 as the value of SCF. The project costs excluding land acquisition are
converted using SCF.



d. Other Assumptions

» Project Life: Durable life of a transportation project is usually very long, that is, 50 to 60
years if it is properly maintained. On the other hand, economic project life is considered
much shorter than the physical life, that is, around 30 years because the facility soon
becomes outdated and uneconomical due to rapid innovation. This project life is defined as
32 years including 4 year of construction period, namely, 2013 to 2046.

» Social Discount Ratio: As the opportunity cost of capital, 15% per annum is assumed as the
social discount rate.

» Exchange Rate: USD 1 = Pesos 43, Peso 1 = 1.81 Japanese Yen (Same as Preparatory Study
for LRT LINE2 Extension Project)

2) Economic Cost
a. Capital Cost (Initial Cost & Rolling Stock Cost)
An initial estimate of project cost is discussed in this Report. This is summarized in Tables 8.5-1
and broken down into financial and economic costs. Total economic cost is 211,188.82 Million

Peso, 83% of the financial cost.

Table 8.5-1 Project Cost in Financial and Economic Terms
Unit Million Peso

Year Financial Costs Economic Costs
2013 25,918.05 21,511.98
2014 31,263.39 25,948.61
2015 29,203.94 24,239.27
2016 29,189.70 24,227.45
2025 23,721.47 19,688.82
2026 31,821.91 26,412.19
2027 43,148.42 35,813.19
2035 2,722.94 2,260.04
2036 11,886.84 9,866.08
2037 25,013.24 20,760.99
2038 554.47 460.21
Total 254,444.37 211,188.82

Source - Study Team
b. O&M Expenses

The O&M costs for LRT Line 1 extension section are shown in the following table. Detail
estimate of
0&M work is discussed in this Report

Table 8.5-2 O&M Expenses for LRT Line 1 Extension Section in Benchmark Years
Unit Million Peso

Year Financial Costs Economic Costs
2015 1,604.65 1,331.86
2020 4,942.23 4,102.05
2025 6,533.00 5,422.39
2030 7,759.16 6,440.10
2035 10,118.41 8,398.28

8-10

Source - Study Team




3) Economic Benefit

a. Vehicle Operating Cost (VOC)

The saving in VOC is one of the major sources of economic benefits in transport projects. Table
8.5-3 shows the VOCs. The most important is that the VOC should be a function of vehicle speed
so that the improvement of road condition would be duly reflected as economic benefit.

Table 8.5-3 Vehicle Operation Cost, 2010
Unit: Peso/ Vehicle (Train)*km

Ave. Speed (km/h) LRT Jeepney Private Car
20 - 10.91 12.01
25 - 10.36 11.41
30 - 9.38 10.45
32.8 1.57 - -
40 - 8.29 9.25
50 - 7.85 8.65
60 - 7.74 8.29

Source - Preparatory Study for LRT LINE2 Extension Project

Value of Time (VOT)

The saving in passenger time cost is another major source of economic benefit of transport
projects. The following table presents the unit value of time assumed by the result of SP survey.
VOT of LRT user is higher than that of Jeepney.

Table 8.5-4 Unit Value of Time (VOT), 2013

Mode LRT Private Car Jeepney
Peso/Min. 1.61 1.85 1.09
Peso/Hour 96.7 111.1 65.5

Source - Study Team

Carbon Price

The price of CO, emission seems to be depending heavily on economic market. The carbon price
is set as 829 Pesol in 2010 price in this analysis, same as “Preparatory Study for LRT LINE2
Extension Project”.

Estimation of Economic Benefits

By applying above unit costs to the result of traffic demand and summing VOC, TTC and CO,
reduction, aggregated transportation cost was estimated. Economic benefit is the difference of the
aggregate costs between “with project” case and “without project” case. The following table
shows the economic benefit in benchmark years. In 2030, about 60% of benefit will be travel time
cost saving.
Table 8.5-5 Economic Benefit in Benchmark Years
Unit: Million Peso/ Year

Year _ Ecor_lomic Benefit _

VOC Saving TTC Saving CO; Reduction Total
2020 3,912.88 13,716.31 22,172.80 39,801.99
2025 4,454.50 31,958.57 23,057.94 59,471.01
2030 5,496.95 38,971.35 23,658.99 68,127.29
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4) Cost Benefit Flow and EIRR

The following table shows the economic cash flow over the project period for calculating economic
internal rate of return (EIRR). According to NEDA'’s criteria, the threshold value to judge the economic
feasibility of a project is 15% in the Philippines. EIRR is 30.9%, which proved to be a feasible from the
economic viewpoint.

Table 8.5-6 Cash Flow of Economic Cost and Benefit
Unit: Million Peso

Year Capital Cost O&M Cost Economic Benefit Net Cash Flow

1 2013 21,511.98 0.00 -21,511.98
2 2014 25,948.61 0.00 -25,948.61
3 2015 24,239.27 1,331.86 6,121.48 -19,449.65
4 2016 24,227.45 2,939.73 30,804.49 3,637.31
5 2017 0.00 3,230.31 32,254.04 29,023.73
6 2018 0.00 3,520.89 34,024.38 30,503.48
7 2019 0.00 3,811.47 36,209.23 32,397.76
8 2020 0.00 4,102.05 39,801.99 35,699.94
9 2021 0.00 4,366.12 43,050.10 38,683.98
10 2022 0.00 4,630.19 47,222.08 42,591.89
11 2023 0.00 4,894.26 52,709.46 47,815.21
12 2024 0.00 5,158.32 56,923.19 51,764.86
13 2025 19,688.82 5,422.39 59,471.01 34,359.80
14 2026 26,412.19 5,625.93 60,982.33 28,944.20
15 2027 35,813.19 5,829.48 62,544.28 20,901.61
16 2028 0.00 6,033.02 64,156.44 58,123.42
17 2029 0.00 6,236.56 65,817.74 59,581.18
18 2030 0.00 6,440.10 68,127.29 61,687.19
19 2031 0.00 6,831.74 69,730.03 62,898.30
20 2032 0.00 7,223.37 71,358.53 64,135.16
21 2033 0.00 7,615.01 73,003.81 65,388.80
22 2034 0.00 8,006.64 74,653.10 66,646.46
23 2035 2,260.04 8,398.28 76,743.88 66,085.56
24 2036 9,866.08 8,713.53 78,126.42 59,546.82
25 2037 20,760.99 9,028.77 79,395.30 49,605.54
26 2038 460.21 9,344.02 80,476.98 70,672.75
27 2039 0.00 9,659.27 81,253.28 71,594.01
28 2040 0.00 9,974.52 81,523.29 71,548.77
29 2041 0.00 10,348.94 81,322.21 70,973.28
30 2042 0.00 10,723.35 83,316.41 72,593.05
31 2043 0.00 11,097.77 85,380.66 74,282.89
32 2044 0.00 11,472.18 87,517.41 76,045.22
211,188.82 202,010.08 1,864,020.82 30.92%

Source - Study Team
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5) Sensitivity Analysis
Sensitivity analysis was made by changing the projected cost upward and benefit downward. This
analysis was done using following scenarios by “ICC Project Evaluation Procedures and Guidelines” of
NEDA.

» Scenario I: Increase in projected costs by 10% or 20%

» Scenario Il: Decrease in benefit by 10% or 20%

» Scenario I1l: Combination of Scenario I and 11
The following table shows the result of sensitive analysis by changing cost and benefit.

Table 8.5-7 Sensitive Analysis by Changing Cost and Benefit

.. . Cost Increase
Changing in Cost &Benefit
e Base (0%) 10% Up 20% Up
Benefit Base (0%) 30.92% 28.38% 26.19%
enefi
Decrease 10% Down 28.12% 25.74% 23.67%
20% Down 25.19% 22.96% 21.02%

Source - Study Team

8.5.2 Financial Analysis

Conducting a financial evaluation of LRT extension project is very important to assess possible PPP
schemes. The FIRR will be estimated by comparing project costs and fare revenues as well as other
revenues (Miscellaneous Revenues) over the LRT’s life. Depending upon the level of FIRR, cost-sharing
between public and private sectors will differ. Cash flow analysis also is made.

1) Assumptions
a. Revenue
Total revenue is composed of fare box revenue and miscellaneous revenue, as shown below;
» Fare box Revenue: The fare box revenue is estimated using the result of demand forecast.
» Miscellaneous Revenue: The miscellaneous revenue is assumed as 5% of fare box revenue,

based on the existing financial situation and the experience of other countries.

Table 8.5-8 Revenue in Benchmark Years
Unit: Million Peso

Year Revenue

2020 8,456.55
2025 11,787.04
2030 16,010.58
2035 21,412.02

Source - Study Team
b. Expense

The expense is composed of the construction cost and O&M cost, as shown in the following table.
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Table 8.5-9 Expense on Construction Stage
Unit Million Peso

Year EXxpense

2013 25,918.05
2014 31,263.39
2015 29,203.94
2016 29,189.70
2025 23,721.47
2026 31,821.91
2027 43,148.42
2035 2,722.94
2036 11,886.84
2037 25,013.24
2038 554.47
Total 254,444.37

Source - Study Team

Table 8.5-10 Expense on O&M in Benchmark Years
Unit: Million Peso

Year Revenue

2020 4,942.23
2025 6,533.00
2030 7,759.16
2035 10,118.41

Source - Study Team
c. Other Assumptions

» Project Life: The project life is defined as 32 years including 4 year of construction period,
namely, 2013 to 2046, same as setting for economic analysis.

» Exchange Rate: USD 1 = Pesos 43, Peso 1 = 1.81 Japanese Yen (Same as “Preparatory
Study for LRT LINE2 Extension Project”)

» Taxes: 12% of value-added tax (VAT) in Philippines should be considered for both of
foreign and domestic currency portion. The import tax for foreign currency portion is
excluded from this analysis.

» Inflation: Inflation is excluded from this analysis.

2) Financial Evaluation
a. Inthe estimation of Equity-IRR, reported to JICA before, increasing ratio of fare was assumed as
5.0 % / year. But it should be modified to 0.5% / year recognized by NEDA, excluding 4.5 %
inflation.
b. The assumption of estimation of Equity- IRR is changed as follows, with the modification above.
b.1. The source of funding should be decided, which invested by private sector, the amount is
estimated total cost of previous version excluding investment from GOP (JICA-ODA and

external GOP portion). So debt - equity ratio is assumed as 65% - 35%. (Same assumption
as before)
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b.2.

b.3.

b.4.

b.5.

b.6.

It is not clear the condition for remission for corporate tax in PPP project. So it is assumed
that 30% of profit, after depreciation and repayment of interests, is taxable. (Same
assumption as before)

Base case is considering 4.5% / year inflation. Because GOP studies various project based
on nominal IRR, which stands on IFC report considering 4.5% / year inflation.

Fare of LRT in first year is assumed (11.0 + 1.0 x Distance (km)) Pesos. The raising ratio is
0.5% / year, same as IFC assumption.

Concession fee is assumed as 2.05% of fare box (Same as before). Implementation body
depreciates properties and transfer to GOP at the end of the period of concession.
Regarding previous assumption of the calculation of Equity- IRR, the profit of each year is
assumed to be presumed as distribution to keep cash flow security, and cumulative internal
reserves are clearing at the final stage. But in this study, Equity-IRR is computed referring
equity and after tax profit, as internal reserves was owned by stock holders.

c. Equity- IRR is calculated as 7.12% above mentioned condition as base case. Equity- IRR is
changed as above mentioned condition changing as follows.

c.l.
c.2.

c.3.

Equity- IRR is 9.79%, corporate tax exempted.

Real Equity- IRR, not considering inflation, is -3.02%. Considering corporate tax, the
figure changes to -2.64%.

In the case of capital adequacy ratio 100%, considering loans presumed as capital in
nominalbase, Equity- IRR is 6.11%. Also exemption of corporate tax case, Equity-IRR is
8.15%. So they are lower than the case of capital adequacy ratio 35%. But not considering
inflation,Equity-IRR is 2.39% and exemption of corporate tax case is 3.50%.

d. Conclusion

Regarding the result above mentioned, Equity-IRR is low and it is not attractive for investors. The
items, rolling stock, E&M and depot, are not enough to bear by GOP. It should be considered to
review PPP scheme, for example providing the developing property rights of surrounding area of
stations.
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CHAPTER9 AUTOMATIC FARE COLLECTION SYSTEM

This chapter outlines investment needs on AFC system, market soundings with Japanese companies, and
proposed financing scheme with STEP loans. Since DOTC has been considering PPP procurement for
AFC System, the team discussed with DOTC on advantages of utilizing STEPloans. However, the fina
feasibility study of DOTC was recently completed with the support of PPP Center and it was informed
that the report recommends PPP procurement for AFC System. DOTC is currently preparing the
procurement on AFC under PPP mode, although the schedule has not been identified.

9.1 Theoutlineof the AFC System

Magnetic-based ticketing systems at LRT Line-1, -2, and MRT Line 3 are outdated. Certain numbers of
gate machines remain malfunctioned at every station because of the lack of spare parts. Commuters are
suffering from considerabl e inconvenience.

Study Team proposed a comprehensive plan for the replacement of the old ticketing system. This plan
includes; (i) contactless IC card technology instead of magnetic-stripe based card systems, (ii) the
introduction of a central Clearing House System for Railway that will perform apportionment for
revenues among the operators, and (iii) PPP scheme using STEP finance.

9.1.1 Assumptionsfor theintroduction of Automatic Fare Collection (AFC) System

AFC System covers fifty seven stations (44 stations at Line-1 and Line-2 which include 13 stations for
the expected extension and 13 stations at Line-3) in total.

The comprehensive plan consists of three layers, i.e., Station Computer System, Line Computer System,
and the Central Clearing House System. The configuration is asthe Figure 9.1-1.



Comprehensive AFC System Covered by STEP: This portion
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Figure 9.1-1 Comprehensive AFC System
9.1.2 Business Model of Manila Metro AFC System

Study team proposed DOTC to build the Manila Metro AFC system at the Line-1, -2, and -3 by using the
JICA’s STEP (Special Term for Economic Partnership) loan scheme. Integrated Clearing House system
for the fare transactions is desirable considering that the operators of the Lines differ.

Introduction of AFC system into the congested transportation networks is challenging, while Japanese
vendors are well experienced for the introduction of the AFC system to the railway stations under heavy
traffics.

JICA team envisages the premise that the prepaid IC card system for metro commuters should be a good
starting point to let the non-cash payment system spread among the Philippine Society. (Figure 9.1-2)



Figure 9.1-2 Business model for |C Card payments
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9.14 Cost Estimatesfor the Introduction of AFC System

Using the estimated number at Table 9.1-1, the cost for the introduction of AFC system is calculated as

thef

ollows. (Table9.1-2)

The numbers used for the cost estimation is present ones and not multiplied by the expected increase
of passengersin future. 511 gates are for Turnstile. Unit price of Paddle and Flipper Type is expected

to be dightly expensive.

The numbers of AG based solely on the expected peaks of passengers. The configuration of each
station is not considered. The numbers of AG differs, for example, how many tickets that station

operates.
Table 9.1-2 Estimation for the cost for theintroduction of AFC System
57 Stations [ [ rounded | | 44 Stations
AG Turnstile Type 511gates procuring by the proportion of Entry Type X 5/13+Exit Type X 5/13 +ReversibleType X 3/13
2004692308 2,010,000,000 1,545,692,308
TOM _|4equipments.1stations 228 176
570000000 570,000,000 440,000,000
SCS |57 Stations
330600000 330,000,000 255,200,000
LCS |3 Lines
17400000 20,000,000 17,400,000
CCHS |1 system for 3 lines
400000000 400,000,000 400,000,000
3,330,000,000 2,658,292,308
|Equipment Breakdown Yen remarks |
Equipment Cost 3,330,000,000
AG, TOM, SCS, LCS, CCHC
3 TIM is NOT included supposing the manual sales of the ticket.
Initial Contactless Card 195,000,000 |SVC:150 yen X 500000 cards = SJT:80 yen X 1500000 cards
Spare 154,000,000
Warranty’'s Cost 87,000,000
Training Cost 100,000,000
Testing and Commissioning 285,000,000
System Design and Software Dev't 450,000,000 |CCHC. SCS. LCS
Project Management Cost 100,000,000
Marketing and Documentation 50,000,000
Installation 285,000,000
total 5,036,000,000

AG: Automatic Gate

TOM: Ticket Office Machine
SCS: Station Computer System

LCS: Line Computer
CCHS: Central Clearing House System
SVC: Stored Value Card

SJT:

Single Journey Ticket




9.2 Market Sounding on Japanese Investors
9.21 Japanese Automatic Fare Collection System Investors

In Japan, automatic fare collection (AFC) systems in most of urban transportation have been
well-developed since 1970's. Japanese vendors have accumulated their experience in AFC, and some of
them have overseas track records. Japanese system integrators have also experience of developing the
AFC system in other countries. Tables below show the list of Japanese AFC investors and their track
records overseas.

Table 9.2-1 Japanese | nvestor s on Automatic Fare Collection

AFC Vendor System Integrator Clearinghouse Oper ator
NIPPON SIGNAL NTT DATA PASMO

OMRON HITACHI JR EAST etc.

TOSHIBA TOSHIBA etc.

Table 9.2-2 Examples of Oversea AFC Experience of Japanese Investors

Company ‘ Track record
NIPPON SIGNAL Chennai  (India), etc.
OMRON Kaoshiung (Taiwan)
Beijing (China), etc.
NTT DATA Vietnam
Melbourne (Australia), etc.
TOSHIBA Daegu (South Korea)

9.2.2 Interview to Japanese AFC Investors

The study team conducted interviews to some of AFC venders and system integrators.  Issues identified
during the interviews are 1) Possible segregation of AFC system development, 2) Advantageous
technology of Japanese AFC investors, 3) Retrofit of automatic fare collection gate and 4) Interest to the
AFC System Investment in Manila.

1) Possible Segregation of AFC System Development

AFC development can be divided into 4 categories.
a.  Automatic Fare Collection System
o Hardware Development
e  Software Development
b. Clearinghouse System
e  Hardware Development
e  Software Development

When trying to develop AFC system under PPP scheme combined with JICA loan, development hasto be
segregated into two parts. Possible segregation needs to be identified, and its possibility is described
bel ow.

AFC system development and clearinghouse development can be easily developed independently as
clearinghouse system just collect transaction record through each AFC system.

Clearinghouse development can also be divided into hardware development and software development as
hardware of clearinghouse is composed of servers and terminals.



On the other hand, AFC hardware development and software development needs to be integral as
software development is highly dependent on AFC hardware.

Considering above, there could be 3 kinds of segregations.

o Alternative 1
JCA Loan: Automatic Fare Collection System Devel opment
PPP: Clearinghouse Development

e Alternative 2
JCA Loan: Automatic Fare Collection System Development and Software Development of
Clearinghouse System
PPP: Hardware Development of Clearinghouse System

e Alternative 3
JICA Loan: Automatic Fare Collection System Development and Hardware Development of
Clearinghouse System
PPP: Software Development of Clearinghouse System

2) Advantageous Technology of Japanese AFC Investors

Three mgjor contactless IC read/write standards are Type A (Mifare), Type B, and Felica. Mifare is
developed by Philips, authorized as an international standard (ISO/IEC 14443), and most widely spread
contactless IC card. Type B is developed by Motorola, and also authorized as an international standard
(ISO/EC 14443). On the other hand, Felica is developed by Sony and Felica-type contactless IC cards
are used in Asian countries, Japan, Hong Kong, etc.

Although those standards are going to be integrated into Near Field Communication (NFC), Felicais the
fastest in processing so that AFC system can handle many commuters in rush hours. Transmission speed
of Mifare is 106kbps whilst that of Felica is 212kbps’. This is the reason why many Japanese subways
and Hong Kong M TR which have to make many passengers pass through gates at small place in a station
smoothly have applied Felica

In addition, Felicais developed for multipurpose functions. Felica IC tip has OS and CPU in itself while
Mifare does not. Many application softwares can be instaled to Felica IC tip and Felica card is able to
function as SUICA, Edy, etc. In addition, Felica can control each application without leaking information
in one application to others.

3) Retrofit of Automatic Fare Collection Gate

If retrofitting of automatic fare collection gate to contactless |C card gate is required, it is suggested that
the control unit has to be replaced.  Although original chassis and turnstiles can remain in the gate, it is
required to design the connection between existing equipment and contactless IC card control unit and
assure connectivity. Since chassis and turnstile are not expensive, it could be cost effective to replace
whole system to Contactless IC card gate.

4) Interest tothe AFC System Investment in Manila

The interest to invest in AFC system in Manila seems to be strong. Although applied standard, Type A, B
or Felica, will be indifferent to the private sector’s appetite, downsizing the investment to only installing
IC card reader/writer on the current gates or price-driven bidding will affect the private sector’s interest in
investing the AFC System.

2 http://devel opers.orangetags.jp/



9.3 Proposed AFC System Procurement with STEP Loan

The study team proposed a financing scheme for AFC system applying STEP loan. Since DOTC has been
considering PPP procurement together with PPP Center and preparing the feasibility study on it, the team
focused on analyzing how to coordinate STEP loan with PPP procurement. The study team conducted
several discussionswith DOTC.

9.3.1 Possible Financing Structure

It is considered how the roles can be divided between the public (STEP loan) and the private (PPP).
Based on the interviews with the private sector and technical consideration, the following two
assumptions were made on project structuring.

v" Hardware and software development of AG cannot be separated.
v' Hardware and software development of Clearing House (CH) can be procured respectively.

Four options (in Figure 9.3-1) were discussed with DOTC.

Figure 9.3-1 Possible Financing Options

Option 1:  All parts from design and construction to O& M are procured under PPP scheme.

Option 2:  All hardware and software are procured under STEP loan and O&M is conducted by the
Private Sector

Option 3: Hardware of Clearing House System is procured under STEP loan and Automatic Gate
System, software of Clearing House system, and O& M are procured under PPP

Option 4:  Automatic Gate System and hardware of Clearing House System are procured under STEP
loan and software of Clearing House system and O&M are procured under PPP

It is assumed that the ownership of the system developed under STEP loan will remain under DOTC, and
a PPP company will be provided the right to use.

In Option3, STEP portion is relatively small. However, it is assumed to be a part of STEP loan package
for Linel, resulting in an efficient implementation.

9.3.2 lllustrative Project Cost Comparison

Project costs of each option are compared in the table below. The table shows that utilizing STEP loan
will reduce interest burden compared to procurement solely under PPP, Option 1. In addition, it is noted
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that PPP scheme with the availability payment by the government will not eliminate government
contribution during the project period.

It is also estimated that utilizing Japanese technology funded by STEP loan will assure the development
of a high quality system and stable operation, while well-structured PPP procurement will be required to
assure appropriate service requirement on the technical level of development and operation of a system.

Table 9.3-1 Illustrative Project Cost Comparison

Project Costs Optionl Option2 Option3 Option4
PPP STEP STEP HwortcH) STEP (G,
+PPP 0am) +PPP gy

Investment Cost - $18.31M $ 0.80M $15.11M
STEP Interest - $ 16.31M $0.71M $13.46M
Cost  Commitment Charge - $ 0.03M $ 0.00M $0.02M
TTL = $34.65M $1.51M $28.59M
Investment Cost $ 18.31M - $17.51M $3.20M
Availability PPP Start-up Cost $ 3.23M $2.50M $ 3.20M $2.63M
PPP reyment L’:E‘_?reSt' Dl $19.82M $2.30M $19.05M $.5.36
Cost  HgM costs $27.75M  $27.75M $27.75M $27.75M
PPP Operating costs $ 1.90M $ 1.90M $ 1.90M $ 1.90M
TTL $71.01M $34.45M $69.41M $40.84M

Total Government Contribution
for Project period

$71.01M $69.10M $ 70.93M $69.43M
Note:

e Total Government contribution during a project period is borne by a public transportation
operator such as LRTA. A part of the contribution is reimbursed through ticket sales, while the
other part of contribution is reimbursed through government support, such as subsidy, etc.

e All costs (without inflation) are assumed based on DOTC Draft Feasibility Study (REBEL
Report) except funding costs.

» Feerevenues from transaction and maintenance and renewal costs are not considered.

« Theamount will be changed depending on the scope of work, possibility of fee revenue, etc.

¢ HW standsfor Hardware.

STEP loan is assumed to be a 40 year-loan with the interest of 0.2%. This will lower annual payments
from the government under the scheme utilizing STEP |oan than those under Option 1, whole PPP scheme,
as shown in the following table and diagram.



Table 9.3-2 Comparison of Annual Payments

Annual Payment Optionl Option2 Option3 Option4
PPP STEP STEP#worcHy | STEP(AG, HwofcH)
+PPP 0am) +PPP +PPP
1-10 STEP Loan repayment = $586K $26K $483K
year PPP Payment $7,101K $3,445K $6,941K $4,084K
11-40 STEP Loan repayment - $959K $42K $791K
year

PPP Payment - -
Option 1 Option 2 Option 3 Option 4

i_uw i STEP Years

STEP

Years . STEP Years
2 10
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9.4 Assumptionsfor the Calculation
9.4.1 Capital Investment Cost

Capital investment costs for AFC are identified based on the draft feasibility study of the Rebel report.
Costs under each option are allocated to STEP and PPP as follows:

Table 9.4-1 Cost allocation to STEP and PPP

Option | STEP | PPP
Option 1

PPP
Option 2

STEP+PPP (O&M)
Oprion 3

STEP (HW of CH)+PPP
Option 4

STEP (AG,HW of CH)+PPP

$0 $18,312,675
$18,312,675 $0
$800,000 $17,512,675

$15,112,675 $3,200,000

Note:
* All costs (without inflation) are assumed based on DOTC Draft Feasibility Study (REBEL
Report) except funding costs.
* In Option 3 and 4, hardware costs for clearinghouse development are assumed to account for a
fifth of clearinghouse development cost. The ratio is based on the one acquired through
interviews to Japanese investors.

1) STEP Conditions

Repayment Period 40 years
Grace Period 10 years
Repayment Schedule Level Payment
Interest Rate 0.20%
Commitment Charge 0.10%
Construction Period 15years

Foreign Exchange Margin 3.00%
2) PPP Conditions

Financial conditions and costs for PPP are based on the draft feasibility study of Rebel.

Debt/Equity Ratio 80%

Interest Rate for Senior Loan 6.5%

Interest Rate for Subordinate Loan 9.0%

Equity IRR 20.0%
Start-up Cost $2,500,000
O&M Cost $2,774,668 p.a.
PPP Operating Cost $190,000 p.a.
Operation Period 10 years
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CHAPTER 10 PROJECT IMPLEMENTATION

10.1  Local Capacity for Railway Construction

Local construction entities have been exposed to construction of elevated track infrastructure since the
15-km LRT 1 was built from 1980-84. Then Construction and Development Corporation of the
Philippines (now known as Philippine National Construction Corporation) was the prime contractor.
When Line 2 was built with JCA (then known as OECF) financing, the winning bidder for the
substructure and superstructure was a Korean firm (Hanjin) with Filipino sub-contractors.

The business arrangement (foreign with local partners, and vice-versa) that is typified by the Line 2
construction appears to be prevalent with large and ODA-financed projects. Another rail project that
exhibited the same modd was the North-South Linkage project of the Philippine National Railways
(which involved rehabilitation of tracks and stations, as well as supply of DMUs at a cost of about
USD60million) sometime in 2008-2010.

The same firm rehabilitated the PNR Commuter rail tracks sometime in 2008-2010. When LRTA tendered
the north loop (5-km extension of Line 1) in 2007, a Philippine contractor was awarded the contract. It
hired a German firm to support their signaling system works. This same contractor had a similar job in the
building of the civil works of the Dubai monorail system. Moreover, nothing in local laws prevent any
other local firm from entering into joint venture with foreign firms with extensive railway construction
experience.

For example, it is known that several foreign firms have submitted expression of interests for Line 1 CEP.
The DOTC has reported that among the 32 firms that have purchased bid documents for the project
include: San Miguel Infrastructure, Macquarie Group, Mitsubishi Corp., DMCI, Hanjin, Sumitomo,
Leighton, the Metro Pacific Group, FSG Capital, EFC Enterprises, FF Cruz, Marubeni Corp., BPI Capital,
ING Bank and Jorgman Planning. Korean contractors have been reported as particularly aggressive or
bold in participating in the tender.

The joint-venture of Marubeni and DMCI was awarded the contract to build the MRT-7 project. The
joint-venture of Marubeni and DMCI was awarded the contract by the private proponent to build the
MRT-7 project. Typically, the project finance market needs assurance about capability to complete a
project before it agrees to finance a PPP deal. It can therefore be concluded that “domestic” capacity
exists for all the civil and electromechanical components of LRT 1 CEP. The pregualification
requirements imposed by the government PBAC would screen out prospective bidders without the
necessary experience.

10.2 Bidding System and Evaluation of Proposals
10.2.1 Tendering Framework

The bidding system in the Philippines is well-structured and formalized, having been applied by the
Government over severa years. As a consequence, a substantial body of experiences and precedents have
been accumulated. For ODA-funded projects, the tendering procedure is subject to review and oversight
by the funder; with the results open to veto (as what happened in the case of package 1 for the LRT-2
project sometime in 1997).

For government-funded projects, or those relying entirely on the General Appropriations Act, the

procedureislaid out in Republic Act N0.9184 (otherwise known as the Government Procurement Reform
Act of 2003). This was elaborated further by its Implementing Rules and Regulations.
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For PPP projects, the governing law on tendering and evaluation is Republic Act No. 7718 (enacted in
1993, and often referred to as the BOT Law). The Implementing Rules and Regulations for the BOT Law
was recently amended (July 2012) to streamline the process and address some problems encountered in
the past — mainly on unsolicited proposals that skirted the transparency inherent in an open-tender.

For the LRT-1 CEP, the bidding for the civil works component is within the framework of the BOT Law.
On the other hand, the bidding for the electromechanical components — which will be funded by JCA —
will follow the Government Procurement Reform Act. There have been problems encountered in the past,
when the rules of the ODA funder differed somewhat from the local ones. These have been ironed out,
and the lessons provide precedents for resolution of future conflicts.

Traditional procurement entails detailed engineering design by the government prior to bidding, although
the North Loop project deviated from this model. In the case of PPP deals, the usua scheme is a
design-build arrangement in consonance with the full responsibility of the concessionaire. The LRT
1-CEP will be on design-build scheme.

10.2.2 Pre-qualification

The pre-qualification and evaluation of bids are nearly identical in the two aforementioned laws. For
large-ticket projects, the pre-qualification stage precedes the submission of technical proposals. The
financial proposal is submitted simultaneously with the technical proposal on the deadline stipulated by
the PBAC (Prequdlification, Bid and Awards Committee), but is opened only after the technical proposals
have been evaluated and only for those bidders whose proposals are deemed complying or satisfactory.

Prequalification revolve on 3 criteria: Legal, Track Record, and Financia. The first deals with the
bidder’s business registration, including license or accreditation to engage in construction activities. The
second deals with the accumulated experience of the bidder in undertaking similar projects, while the
third examines the prospective bidder’s equity and borrowing capacity.

The tendering for the civil works component of the LRT-1 CEP has commenced, when the DOTC issued
invitation (sometime April 2012) to interested parties to submit pre-qualification documents. Originally,
the deadline for submission was 22-August. DOTC extended the deadline to 28-September. Apparently,
the financial hurdle was a so lowered — presumably in response to comments of prospective bidders. The
threshold values for each of the 3 major criteria will only be known when the Terms of Reference are
issued to the prequalified bidders sometime in late October 2012 or early November (assuming the
28-Sept deadline on prequalification holds).

What is causing statics in the prequalification stage is the track record or experience. It should have been
issued immediately after the issuance of invitation — rather than near the deadline. Since the winning
bidder will operate and maintain the system, it is but natural to evidence its capability in this area
However, given the shallow rail sector in the Philippines, there are no private local entities who can claim
such experience.

The prospective bidder is thus constrained to partner with a foreign entity. But apparently, the threshold
value for the latter entity is focusing on minimum volume of passengers that it had handled, rather than
scale of the network operated. The initial requirement was 50 million passengers annually; a reduction to
30 million (~80 thousand/day). In many developed countries, LRT systems tend to attract smaller traffic
than those of Metro Manila even if they are of the same or larger scale. Table 10.2-1 provides some
comparison of selected LRT systems worldwide. The indicator is "Annua traffic density" which is
defined as the number of passengers who, on average, travel over each kilometer (or mile) of system
length during the calendar (or fiscal) year. It is the product of annua ridership and average distance
travelled by each passenger (ATD), divided by system length.
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Following the preceding logic, the operator of the Nagoya LRT will not be qualify, even if its network is

larger than the 3 lines of Metro Manila combined.

Table 10.2-1 Rail Traffic Densitiesin Selected Cities

City/System A(rr]T:ﬂ?(I)ﬁ;X TE;E];'I?OE/T;;)/ Length (km) Year
Nagoya, Japan (LRT/Tram) 112.7 5.8 77.4 1970
Fukuoka JR (Metro) 103.1 14.8 115.9 2005
Lyon, France (LRT Line 1) 14.3 49 8.7 2007
Ludwigshafen, Germany (LRT) 2.0 1.0 16.3 2002
Oslo, Norway (LRT) 30.4 20 38.3 2006
Ottawa, Canada (LRT) 13.0 35 294 2009
ManilaLRT 1 156 10.1 15.3 2010

Source: compiled by the Sudy Team from internet, www.publictransit.ug/ptlibrary

In addition, the technical committee working on the prequalification is entertaining the idea of requiring
| SO-certification — which, by itself, looks good but maybe impractical as the certification cannot
automatically be conveyed by a parent foreign firm to a newly-formed subsidiary in the Philippines.

The DOTC has tapped the International Finance Corp. through the state-owned Development Bank of the
Philippines as Transaction Advisors. Their main remit is to ensure a successful and open tendering
process that will be also be bankable.

The Government expects to complete the bidding process by early next year, and award by June 2013.
This is 6 months behind its earlier indicative timetable. Assuming an optimistic 6-month period for
financial closing, the construction can commence in the 1% quarter 2014. With the presidential
pronouncement of completion by 2015, the construction period is effectively shortened to 24 months.

10.2.3 Evaluation

The criterion for the winning bidder is highest concession fee to the government. The fee can be
construed as rental payments for existing assets (LRT 1 system from Baclaran to North Avenue).

Since the market risk will be assumed by the winning bidder, it behooves the Government to grant the
latter freedom to set fares. The initial information memorandum for prospective bidders is somewhat
re-assuring in that it obligates DOTC and LRTA to “ensure the application of the fare adjustment formula
prescribed in the Concession Agreement and provide compensation in the event of disallowances of
authorized computed tolls.”

10.3 Special Conditionson Contract

The draft contract or concession agreement is not yet available. It may be issued simultaneously with the
release of the Terms of Reference or shortly thereafter. It is therefore difficult to speculate on what the
special conditions would be.

However, the delicate portion will likely hinge on periodic evaluation of the concessionaire’s performance
during the life (>30 years is contemplated) of the contract. As stated in the information memorandum to
prospective bidders “A performance regime related to system reliability and availability, customer care
and security, among others, will be defined in the Concession Agreement and payment will be varied
based on performance measured under a variety of Key Performance Indicators, under the pain/gain
philosophy of a PPP contract.”
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Requiring a minimum level of fleet availability looks reasonable, if the rolling stocks and equipment had
been supplied at the same time by the concessionaire. Considering that there are 3 generations of
incompatible rolling stocks, the operational conditions of which are uncertain, it may turn out to be
unreasonable at the beginning. It becomes problematic in the absence of historical records of inventory
and maintenance logs for each of the 139 or so LRVs in its fleet. In short, the new operator will be
coming in partly blind about the conditions of the fleet that it would assume control from day one.
Fortunately, this is recognized in the Information Memorandum which provides for a KPI (key
performance indicators) holiday of an indeterminate period.

Several pieces of rehabilitation works have also been commenced, separate from the LRT 1 CEP. This
includes the 2™ cycle of rehabilitation of the 1% generation LRV's, aswell rail replacement, replacement of
high voltage switchgear of Rectifier Substations 1-9, replacement of parapet walls and repair of gantry
anchor bolts. The concessionaire will become responsible for the eventual performance of these assets for
which it has no prior involvement. The only obligation of LRTA is to “ensure timely delivery of the
rehabilitation works on the Existing System under the LRT Safety, Reliability and Capacity Improvement
Program.” As of September 2012, delays have already been observed on these sub-projects.

A good transit operator would take the effort to standardize its rolling stocks, so as to minimize inventory
and improve fleet availability. Therefore, it is expected to retrofit or modify its inherited fleet of LRVs as
the years pass by. The three generations of LRV's are incompatible, with very few spare parts that are
swappable or interchangeable. This project will add a 4™ generation LRVs, which hopefully will be
compatible with the earlier ones. The problem, however, is which of the earlier ones will it share
commonality. It maybe turn out to be more economical to replace completely some of the old LRV's, due
to absence of origina equipment suppliers of parts. This project does not have the time nor mandate to
examine this issue. A practical solution is to consult the long-term operator or concessionaire in crafting
the final specifications for the 4" generation LRV's and which of the old LRV's can be junked.

And when the concessionaire opts to modify the old units in the future, will this require prior permission
by LRTA (as owner) or the original equipment supplier? It would be desirable if the operator is granted
more degrees of freedom in such a decision.

104 Commentson the O& M Scheme

In imposing a requirement to prospective bidders of prior experience in operating a similar urban rail
transit system, the Government has recognized the need to professionalize the O&M of Line 1. It has
stated years of experience for the personnel to be assigned by the winning bidder. It isironic that it has
not imposed these strict conditions on itself.

Considering the institutional weakness in the public sector, transferring the operations and maintenance of
a highly-demanding and technically-complex enterprise to the private sector is a step in the right direction.
This was done at the outset, when LRT Line 1 was built and completed in 1983. It was not followed in
subsequent lines (Line 2 and 3). Thus, a corps of qualified rail personnel has not been developed or
nurtured over the years. To date, the few qualified ones can be traced to the early O&M entity (Metro
Transit Organization) for LRT 1.

Because of the inherent financial non-viability of urban transit, a purely private endeavor would fail (e.g.,
the Bangkok Skytrain, KL's LRT lines, the English Channel Tunnel). Therefore, a major cost of the
project has to be borne and paid for by the Government. This split is being followed in the LRT 1 CEP —
except for the reversal of roles. Best practices in rail concession suggest that the rolling stock be under
private sector responsibility and the track infrastructure assumed by the public sector. The government
has opted to fund the electromechanical components via JICA for two reasons: (a) the long tenor and low
interest rate that would apply, and (b) most, if not all, of these items are imported anyway and therefore
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ideal for foreign funding. To mitigate the downsides of this kind of split, it is recommended that the
private concessionaire be consulted in the specification and eventual procurement of these items.

Under an O&M structure, the incentive for the concessionaire is to maximize profits — balancing fare
levels against demand elasticity and on-street competition. This minimizes the need for tighter audit and
regulation by LRTA/DOTC. However, the Government must resist prescribing very detailed indicators of
performance (KPIs) that equates to having a “back seat” driver. This was the case with the 1980s O& M
contract for LRT 1.

10-5



CHAPTER 11

INSTITUTIONAL ISSUES TO IMPLEMENT
THE PROJECT




CHAPTER 11 INSTITUTIONAL ISSUESTO IMPLEMENT THE
PROJECT

11.1 Institutional Issues from the Viewpoints of Construction, O&M, Safety, Personnel and
Financial Matters

11.1.1 Project Management

The unanswered question is: who will be responsible for Project Management? In the past, this has not
arisen because LRTA was always given the benefit of the doubt. It has organized the project management
team, with considerable assist from international Consultants. DOTC has expressed a preference to
centralize implementation and to assume lead responsibility. If it takes this path, then it must designate a
point man as early as possible, and to commence the tendering process for Consultants to support the
separate execution of the civil works and electromechanical components. It has not yet done so. If there
would be two sets of consultants, project coordination becomes messy and inherently problematic. Clearly,
the integration challenge for this project — with hybrid PPP - is more formidable than what LRTA or
DOTC has ever faced in the past.

A suggested project structure is illustrated in Figure 11.1-1. It draws on successful infrastructure project
implementation in the past, where an Inter-Agency Committee is set up (to function like an ad hoc Board
of Directors) that guides the Project Manager. It is proposed that the Committee consists of 5 persons, to
be chaired by DOTC, to include LRTA Administrator, a DPWH representative, a MMDA representative,
and acivil society/private sector representative.

Inter-Agency Committee
on LRT 1-CEP

Project Manager

Community Project Monitoring
Relations & Control
Deputy PM Deputy PM
(Civil Works) (ElectroMech)
Administrative Consultant’s Counterpart Technical
Support Technical Pool Staff

o Accounting (Consulting firm/(s) o Seconded by LRTA

o Logistics to be chosen via ICB o Seconded by DOTC

e Document Control o Contractual hires

Figure 11.1-1 Suggested Organizational Structure of ManilaLRT Project

To minimize conflicts within the project organization, there should only be one Consulting group to be
hired — rather than separately for the Civil Works (PPP component) and for the Electromechanical (ODA
component). The funding for this common project management support team should be sourced from
JCA. It shal be headed by a Team Leader with deep experience in light rail transit construction.
Selection of the consulting firm should be commenced as soon as possible, so that it gets mobilized as
early as the bid award. In past infrastructure projects, the Consultant was part of the technical evaluation
of bids. For unknown reason, neither DOTC nor LRTA has started the process.
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The preceding structure is predicated on the fact that financing of the capital cost will be borne by the
private sector (in so far as the civil works component is concerned), while JICA is financing the other
component. The ROW acquisition is funded by LRTA. It is still unclear as to who will provide the budget
for Project Management and its consultants. This should, preferably, be funded by JICA and LRTA.

It can be presumed that the PM Consultant will be responsible for the formulation of technical and
performance specifications, as well as preparation of tender documents, for the different packages of the
Electro-mechanical component. Although still unclear, preferably it should also be tasked to review the
design and construction plan of the civil works component. This would obviate interface problems and
buck-passing, in the event of defects or failures during system integration test.

One of the critical responsibilities of the PM consultant is the setting of criteria and procedures to be used
for testing the operational system or its major components. The Testing Phase ends with the acceptance
of an operational transport system in accordance with predetermined criteria, and based on the
satisfactory completion of the construction and installation and test of all subsystems and components,
and their integration into a system. Tests include plant and on-site performance testing of major systems,
and integration testing of the entire system in its operating environment. Since the concessionaire will be
on-board at that time, acceptance of the system may have to be performed by the operator, rather than
LRTA or the PM consultant. This needs to be resolved also.

11.1.2 Post-Construction Turnover

This phase of the project is often ignored or undervalued in importance, after the excitement of project
completion and inauguration has subsided. They are, however, important in the long-term operation and
maintenance of the system.

Of prime importance are the as-built drawings to be handed over to LRTA, as well as any warranty
provided by the suppliers of Electro-mechanical components. The equipment manual and parts
identification will be useful in subsequent maintenance works. Any lingering claims should be settled
during the winding down phase of the project.

11.1.3 Safety Concerns

The O&M, Safety, Personnel and Financial matters are spelled out in the draft Concession Agreement.
The first two topics would be transferred from LRTA to the Concessionaire. Affected LRTA personnel
(approximately numbering 940) shall be initially absorbed by the winning Bidder, subject to termination
or replacement after a 6-month review. Presumably, the operator would (or should) also assume the
responsibility of a common carrier (particularly on its liability to passengers and potential tort clamsin
case of accidents).

Industrial and operational safety was the traditional concerns of transit authorities, aside from petty
crimes like vandalism and snatching. Of late, the threat of terrorist attacks on transport assets have
emerged as a primary security concern — especially after a number of incidents involving a bus in the
metropolis, an LRV car, and an inter-island vessel. This has increased delays at stations, as the same could
not be left to police authorities alone. LRTA and the concessionaire would need to assume joint
responsibility for this issue, with the latter as primary implementer of a sound Safety and Security
Management Plan.

It may be worthwhile to consider safety pre-emptively, by subjecting the facility designs to preliminary
Hazard Analysis and Threat and Vulnerability Analysis.

Financing of the capital cost will be borne by the private sector (in so far as the civil works component is
concerned) and by DOTC (for the electromechanical component). Latter, in turn, will source most of the
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amount from JCA. The ROW acquisition is funded by LRTA from its corporate funds and probably with
additional support from the national budget.

Fare collection becomes the responsibility of the concessionaire. However, its ticketing system maybe
carved out in the light of DOTC's plan to introduce a new common ticketing system for the 3 rail lines.
The tendering for the common ticketing system is yet to start, although the transaction study has already
been completed in April 2012. Based on the timetable, the new AFCS provider - which would be a party
different from LRTA or the LRT 1 concessionaire — would only come in by 3" quarter 2013 and cut-over
to the new ticketing would start only in January 2015 (at the earliest). Accountability and cut-off paints,
in the shift to a new system as well as shift of responsibilities need to be managed properly. As thisis
likely to occur during the period of construction (rather than upon completion of the civil works), it is
suggested that responsibility for managing the transition and turnover to the new operator be assigned to
somebody else within LRTA, rather than included in the project team’s brief. Coordination works — more
with the Concessionaire and to a lesser degree with the Project Team, would be required.

11.1.4 Long-Term Structure

The ingtitutional framework in the long term is unclear. Formation of a Strategic Railway Authority
within DOTC is stipulated in the Philippine Development Plan 2011-2016. If the Railway Authority is
established either within DOTC or as a new entity, and the rail services are concession out to private
entities, it would render LRTA superfluous. But nothing is being proffered on the future role of LRTA.
The implementation of LRT 1-CEP will trigger the privatization thrust and move the rail sector one step
closer to this long term direction. However, no similar effort is underway for Line 2 and Line 3, although
there were some announcements that the O&M for Line 2 would also be privatized. Given the situation
today and the public sector rigidities, it is reasonable to expect (up to the end of 2016 and the completion
of Line 1 CEP), that the LRTA would likely remain as the operator of Line 2, the DOTC as operator of
Line 3, and the private sector for the extended Line 1. In the event MRT-7 gets implemented, its
contractual structure — and risk allocation - would be different from that of Line 1. The government will
then be cast in an awkward position of applying different metrics of performance for four lines and
creating a highly uneven playing field. Furthermore, the LRTA or DOTC will be a regulator and operator
a the same time — the kind of combination that is considered unsound. The regulator can impose high
performance standards from the Line 1 concessionaire, but cannot exact the same from itself.

Another issue that is being sidestepped, or deferred, is the long overdue financial restructuring of LRTA.
It was proposed in 1996; and updated in 2007 under a JICA-funded study. Its main recommendation is to
write off the unpaid debts of LRTA — debts in the form of advances made by the Treasury in payment of
foreign loans incurred in the construction and expansion of Lines 1 and 2. The advances totaled
Php6billion of its total liabilities estimated at PhP45 hillion in 2005, and could not be repaid even under
the most favourable assumptions. Recommended amount to be taken out of the books of LRTA was
Php30 billion.

Ideally, the re-structuring of the railway sector should precede the expansion of the system and establish a
sustainable foundation for the four rail lines. These lines will continue to entail subsidies of varying
amounts — even if al of them get privatized. There is no policy on how to allocate this subsidy among the
four rail operators, or where to source them.

In the case of LRT 1 system as extended to Cavite, the subsidy is upfront in the form of
government-owned assets whose debt servicing will remain with LRTA. Under the concession contract,
there is no other subsidy to call, unless the Government reneges on its obligation to adjust fares in a
timely fashion.
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In the case of MRT-3 system, the subsidy is opaque as it varies year to year — depending on the gap
between fare collections and fixed lease payments. And because it is sourced from the General
Appropriations Act, the amount needs to be negotiated with Congress every year.

The subsidy for Line 2 will be operational (as opposed to capital) in nature, as it would vary every year
depending on actua fare collections and management efficiency of LRTA. Debt servicing for the Line 2
assets will likely fall on the Department of Finance — which guaranteed the loans and has picked up the
tab in the past due to failure of LRTA to repay them.

Table 11.1-1 showsthe level of subsidy to thethreerail lines.

2010 2011 (Forecast) Average
Line Full-cost Gov't Gov't
Fare Subsidy Full-cost Fare Subsidy Far e/Pax
LRT 1 (Taft-Rizal, Yellow) 35.77 21.57 47.36 33.16 14.20
LRT 2 (Aurora, Purple 60.75 47.24 59.08 45,57 13.51
MRT 3 (Edsa, Blue) 60.03 47.73 64.38 52.08 12.30

Source: DOTC, LRT/MRT Fare Restructuring (Oct 2010)

Because the national treasury is seen as the default payer — for Line 2 and Line 3, there is no incentive to
run the system more efficiently and achieve profitability. A suitable structure that will address the
preceding infirmities and create a sustainable framework for urban rail transit should have the following
elements:

e Privatize (O&M) Line 2 and 3, following turnover of Line 1 to the winning bidder;

e Transfer ownership of the fixed assets (i.e., track infrastructure) to the government with
corresponding assumption of loan obligations;

e Transfer ownership of the rolling stocks to the private operator, or in the interim to LRTA;

e Transform LRTA into arail strategic authority, that focuses on network planning and regulation of
the 3 (and additional linesin the future) privatized lines;

e Withdrawal of DOTC from operational activities, in order to focus on itsrightful role as a
“holding firm’ and rail franchiser under its charter.

A short explanation for the above recommendation can be found in the ADB study on “Best Practices for
Private Sector Investment in Railways’ (July 2006). One of its findings was. “direct government
involvement in running rail transportation services may reduce both technical and allocative efficiency.
The closer government is to management, the more that decisions which affect technical efficiency (for
example, staffing or investment decisions) become influenced by political patronage. In such a situation,
managers cannot be held commercialy accountable and incentives for technical efficiency are further
weakened. Allocative efficiency may be adversely affected because prices may be set to reflect political
objectives rather than costs.”
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11.2

Risk Analysison the Hybrid Type PPP for LRT Extension

The Transaction Advisor for the project has provided an initial Risk Allocation matrix shown on Table

11.2-1 below.

Table 11.2-1 Risk Allocation Matrix

Risk/Responsibility ~ Allocation Remarks
. Handed over at Financia Close, with a KPI
Transfer of existing LRT assets DOTC holiday of indeterminate duration.
Traffic/Ridership Concessionaire | No minimum traffic/ridership guarantee
: , Compensation provided for disalowance of
Fare Adjustment Implementation DOTC adjustment basad on agreed formula
Project Financing Concessionaire | Private financing
Inflation & Foreign Exchange Concessionaire Relief prowded for domestic inflation through
Fare Adjust formula
ROW Acquisition & Delivery DOTC Free and clear, delivered by pre-agreed timeline
. . i i Performance Security for Construction posted in
Design/Construction Concessionaire favor of the DOTC
Integration of existing Line 1 C L Commissioning tests to be carried into existing
. oncessionaire \ .
and the Southern Extension service provision
. . Concessionaire shall be allowed to provide inputs
Delivery of Rolling Stock DOTC on the specifications required for the rolling stock
Depot Development / Satellite DOTC Concessionaire shall be allowed to provide inputs
Depot Construction on the design/devel opment of the depot
KPIs set with corresponding penaties / benefits
Overation/ Maintenance Concessionaire for non-compliance/  compliance-betterment,
P Performance Security for Operations posted in
favor of DOTC
Political Risks DOTC Limited events
Relief provided to Concessionaire on O&M
Force Majeure (FM) Concessionaire | performance of obligations, procedure and
4 and DOTC mechanism for addressing impact of FM events
to be provided in the Concession Agreement
Turn-over at the end of Concessionaire At pre-agreed conditions, testing & acceptance

Concession

regime included in Concession Agreement

Source: DOTC, Manila LRT 1 Project: Preliminary Information Memorandum (April 2012)

11.2.1 Risksbefore Construction

Before construction can commence, the winning bidder must be able to raise project financing. An event
of financial closing must occur. A delay will cascade into delays in construction. Hence, it is possible for
the rolling stocks to be delivered before they are needed. Conversely, there could be delays in the
procurement of the latter. Similarly, the delivery of the ‘rehabilitated items which LRTA is procuring via

RA#9184 could be delayed.

It is advantageous to have the winning bidder assume O&M responsibility immediately after contract
signing as stated in the initial instructions to Bidders. However, if financial closing is delayed or fails,
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there could be a problem of disruption considering that a new organization (with new employees and
payment of separation benefits) has already been in place. Apparently, this was foreseen as the
Information Memorandum now states that turnover occurs only after financial closure.

The transition from award to assumption of O& M responsibility could also be disrupted by labour actions,
as what happened in previous instances of privatization. Existing employees appear to be demanding a
golden parachute, the cost of which may exceed what the winning bidder had budgeted for. Probably, the
amount will be fixed, so that the same can be factored into the financial equation of the prospective
bidders.

11.2.2 Risksduring Construction

During construction, the biggest risk in the above-mentioned project structure is the high probability of a
mismatched in the timing and delivery of project components.

For the civil works, the right of way issue is on top of the list. In 2011, LRTA has stated that it would be
able to complete 100% the ROW acquisition before end-2012. The acquisition of relocation sites by the
Cavite provincia government has elicited adverse opinions from the Commission on Audit.

During project construction, the division of responsibility between LRTA and DOTC is still unclear. As
currently structured, the tendering and contract signing will be with DOTC — which may be justified on
grounds that it has the budget for it. On the other hand, LRTA is a chartered GOCC that owns the assets to
be ‘rented out’ to the private concessionaire. It has also prior experience in project implementation of
Line 2 and the Line 1 North Loop. The separate execution of the civil works components and
electromechanical will add another layer of complexity into the organizationa project management of
LRT 1- CEPR.

11.2.3 Risksafter Completion

The legal character of the concessionaire vis-avis LRTA is a mgjor risk. If construed as a public utility
operator, then it needs a franchise. The initial information to prospective bidders considers the same as a
public utility entity. However, it also takes pain in justifying that such a franchise will not be required nor
granted; the concessionaire becoming merely an agent or contractor of LRTA. This could open the door to
legal challenges, or stall project financing (as what happened in the case of new SLEX toll road project).
It also creates some possible contradiction as the concession is supposed to be signed by DOTC, and not
LRTA. In such a situation, the concessionaire becomes an agent of DOTC and not LRTA as the two
government bodies are deemed two separate legal entities. A practical compromise, although not idedl, is
for the two to become joint signatories into the concession agreement. Ideally, DOTC should grant the
‘franchise’ via a certificate of public convenience and the LRTA as owner of the assets granting beneficial
use thereof to the concessionaire. Payments for the lease of such assets — which will be the bidding
criterion — should accrue to LRTA (and not DOTC).

The laws governing public utilities are the following:

1) Constitution — Article XII, section 11 states. “No franchise, certificate, or any other form of
authorization for the operation of a public utility shall be granted except to citizens of the
Philippines or to corporations or associations organized under the laws of the Philippines, at least
sixty per centum of whose capital is owned by such citizens; nor shall such franchise, certificate, or
authorization be exclusive in character or for a longer period than fifty years. Neither shall any
such franchise or right be granted except under the condition that it shall be subject to amendment,
ateration, or repeal by the Congress when the common good so requires. The State shall encourage
equity participation in public utilities by the general public. The participation of foreign investorsin
the governing body of any public utility enterprise shall be limited to their proportionate share in its
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capital, and all the executive and managing officers of such corporation or association must be
citizens of the Philippines.”

2) Executive Order No. 603 (charter of LRTA) — Section 4 lays down the powers of LRTA; one of
which states "to contract any obligation or enter into, assign or accept the assignment of, and vary
or rescind any agreement, contract of obligation, necessary or incidental to the proper management
of the Authority”.

3) The implementing rules and regulations of the BOT Law, Section 12.2 of which states: “Grant of
Franchise. - In case of a project requiring a utility franchise, the winning project proponent shall
automatically be granted by the appropriate Agency/LGU the franchise to operate and maintain the
facility, including the collection of tolls, fees, rentals, and other charges in accordance with the
schedules stipulated in the approved contract. The original franchise period as stipulated in the
contract agreement may be extended, as may be authorized by the concerned authority, provided
that the total franchise period shall not exceed fifty (50) years. Provided further that the extension
and the new terms and conditions of the contract will be subject to ICC's no objection clearance.”

4) Executive Order No. 125, s1987 (charter of DOTC) stipulates that one of the powers of the
Department, under section 5 (g) is: “issue certificates of public convenience for the operation of
public land and rail transportation utilities and services.”

5) The Public Service Act (CA no. 146 as amended) clearly includes railways as a public utility.
11.2.4 TheFarelssue

The biggest risk during operation is the inability of LRTA and DOTC to allow periodic fare adjustments.
On several occasions since 1983, it has turned timid in raising fares. The most recent attempt (in 4™
guarter 2010) was junked by Malacafiang. Legally, the LRTA Board has the power to adjust fares. As
stated in its charter, the LRTA has the power “ To determine the fares payable by persons travelling on the
light rail system, in consultation with the Board of Transportation” (which was replaced by LTFRB). In
practice, it is decided or approved by the President — thus making the fare-setting process a political
exercise. There is public pronouncement again that it would be adjusted in early 2013. Next year is not
opportune, because it precedes and is too near the local elections in May 2013. Under the terms of the
draft concession agreement, the government will compensate the private operator for the un-earned
revenues - in case of delays or deferment in the fare adjustment. The mechanism for this compensation
should be clarified, as it could be contentious — especialy, if the private operator is merely an agent of
LRTA. An equitable arrangement is for the operator to have the option to offset the amounts from his
periodic |ease payments.

The fare adjustment formula has the advantage of simplicity — indexed to domestic inflation. It disregards
foreign exchange fluctuation. The latter is favourable to the concessionaire under present climate of peso
appreciation, but becomes adverse when the peso depreciates. Nearly al the spare parts — especialy, the
big ticket items - of the system are imported. It is aso unclear how the domestic inflation correlates with
the price of electricity, which comprises about 25% of direct operating expenses. Electricity is outside the
control of the transit operator.

The Concessionaire will be responsible for operation and maintenance for 25 years or more, and is,
therefore, incentivized to optimize capital expenditure decisions with the knowledge that many design
decisions will affect operations. However, it is DOTC who will be responsible for the acquisition of the
Light Rail Vehicles (LRVs); the operator will therefore confront a significant risk. For the existing LRV's,
itis LRTA who will convey the equipment — in varying conditions - to the operator.
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The risk alocation matrix is silent on the ownership of the civil works components built by the
concessionaire with private funding. It is proposed that this be transferred to DOTC, upon completion, to
be consistent with the long-term urban rail structure intimated earlier. Also, thisis to obviate taxation of
these assets by local government units — as what transpired in the case of MRT 3. Accordingly, the
obligation for property insurance will have to be assumed by DOTC in accordance with government
policies. The amount is not insignificant, but minimal in comparison to the avoided tax impositions.
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CHAPTER 12 RECOMMENDATION FOR RAILWAY DEVELOPMENT
IN THE PHILIPPINES

From the following 3 view points, we would like to recommend about the future railway development in
Philippines. The recommendations were accepted by DOTC of our counterpart, and the letter is attached
in next page.

(1) Review of tender documents (dr aft)

In Private portion of LRT Line 1 extension project, the extension section is planed through weak ground
along the coast, and the measures to earthquake-proof, flood control, etc. are essential. We advised to
the Ministry of Transportation about appropriately preparation of tender documents, and recommended
with Japanese technologies and experiences.

(2) Assistance for preparation of railway technical standard (draft)

In Metro Manila, further development of urban railway network is required. On the other hand, a
railway technical standard has not been established including the viewpoint of earthquake resistance, etc.,
so we recommended preparation of railway technical standard (draft).

(3) Networking of urban railway

To promote the urban railway network in Manila metropolitan area, we examined and proposed especially
focusing the urban railway from the technical viewpoints.
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12.1 Technical Recommendation for the Concession Agreement of LRT Linel

1. Background

We would like to recommend the detail of standard for the following viewpoints.
- To secure compatibility with the existing railway.
- To ensure the safety of railway facilities to the natural disaster of the Metro Manila coastal.

2. Recommendation to secure compatibility with the existing railway.
21 Horizontal Curve

In the main line bigger curve radius is more preferable so that train will not reduce the speed and ride
quality is better. In the depot operating speed is slow and there are no passengers inside the train curve
radius can be much smaller. Minimum radius of the curve shall be defined in the main line and in the
depot individually and rolling stocks shall be designed to pass the minimum radius of the curve in depot.
Actual curve radius of Baclaran Depot (existing depot) is less than 30m.

In Line 1 minimum radius of curve is defined 100m in main line and 25m in the depot.

Rolling stocks of Line 1 isrequired to have the capability to pass 25m radius curve without problem.

2.2 Gradient

Considering the smooth train operation gradient of the line is the smaller the better. However steep
slope is often required because of landscape or grade separation with other traffic mode. When gradeis
too high train will be stocked on the slope. Maximum gradient shall be determined by the train
performance.

When a train becomes defective on the slope it will be rescued by other train.  Train shall be capable to
push other train at maximum gradient. When it is main line defective train is possibly full loaded.
When it is side track such as connecting line of depot to main line train are supposed to be empty
therefore maximum gradient at side track can be higher than main line.

In Line 1 maximum gradient at existing line is 2.5 % for main line and 4% for connecting line. It is
recommended to define these values as maximum gradient for Line 1 because performances of rolling
stocks are only verified with these values. However 2.5% is rather low for urban railway and when
there is necessity to construct higher gradient due to land condition performances of rolling stock shall be
recalculated to confirm that rolling stocks is capable to climb higher gradient.

3. Recommendation to ensure the safety of railway facilities for the natural disaster of the Metro
Manila coastal.

We submitted the following document to DOTC, “Technical recommendation for the Concession

Agreement”, “ Seismic Design Procedure” and “Design Standards for Railway Structure and Commentary
(Seismic Design)” are shown from next page.
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Technical recommendation for the Concession Agreement

1 Earthquake
1.1 Large displacement and deformation of structures

Massive damage such as destruction and collapse of a bridge caused by large
displacement and deformation of structures are occurred. Additionally, there is a
possibility of derailment of running train caused by earthquake motion.

Issues to Avoid or Reduce Damage

1) Understand earthquake motion
2) Implement railway facility plan to satisfy required seismic performance

3) Compute behavior of railway structures caused by earthquake motion, and confirm
required safety and performance

4) Secure running safety during earthquakes against level 1 earthquake motion

Solution and Procedure for Issues

1) Carry out earthquake-resistant design with applying predictable earthquake force,
and then check earthquake-resistant performance of each part, and secure the proof
strength at last.

a) There are two types of seismic motions: oceanic seismic ground motion; and
terrestrial near-fault earthquake.

A design of seismic ground motion is set based on the type of seismic ground
motion. Yet, numerical analyses are conducted to determine a design for both
oceanic seismic ground motion and terrestrial near-fault earthquake.

Reverse fault Right-lateral
strike-slip fault
T e

P m

Left-lateral
strike-slip fault

Figure: Types of earthquake fault

Figure: Plate boundary where oceanic
earthquakes occur

b) As the design systems are transitioning to a performance examination type in the
recent years, there is a trend to categorize design seismic ground motion into two
levels depending of its scale. This trend is especially apparent in Japan and the
United States.

The railway standard in Japan specifies two types of seismic ground motion, L2
seismic ground motion and L1 seismic ground motion depending on the scale and
frequency of seismic ground motions. That is, L2 seismic ground motion includes
two types of seismic ground motions, “oceanic seismic ground motion: spectrum |”
and “terrestrial near-fault earthquake: spectrum II”.  Meanwhile, L1 seismic
ground motion includes “oceanic seismic ground motion”.
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¢) The design system of performance examination type needs to designate
necessary performances for a structure. Earthquake resistance performances
can be easily understood when performances are designated based on levels of
damages and difficulties in repairing or reinforcing the damages. Design systems
in the U.S. and Japan are based on such aspects.

The figure below describes an example of earthquake resistance performance of
the railway standards in Japan.

Earthguake resistance

performance of structures

Earthguake resistance performance I:
A structure can retain its functions
without repairing damages after an
earthquake, and no major displacement
is generated in an earthquake.

Earthgquake resistance performance II:
A structure requires repairs after an
earthquake, but the damages can be
quickly repaired.

Earthquake resistance performance lIl:
The overall structure does not collapse in
an earthquake.

Damages to structural members

Damage level 1:
No damage
Damage level 2:
Repairs are necessary in some cases.
Damage level 3:
Repairs are necessary.
Damage level 4:
Repairs are necessary, and
replacement of members is necessary

Stabilization of foundations

Stabilization level 1:
No damage (Applied load is less than a
bearing capacity.)
Stabilization level 2:
Repairs are required in some cases.
Stabilization level 3:
Repairs are necessary. Reinforcement
or realignment of structures is also
required in some cases.

Figure: Earthquake resistance performance of bridge supports and elevated bridges

7 : Damaged sections

Figure: Image of damaged sections of a bridge support
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Table: Repair methods for damage levels

Damage level

Repair method

Damage level 1

No damage

No repair (measures to improve durability if
necessary)

Damage level 2

Repairs are necessary in some cases.

Crack injection or repairs of cross sections
if necessary

Damage level 3

Repairs are necessary.

Crack injection, repairs of cross sections,
correction of hoop reinforcement if
necessary

Damage level 4

Repairs are necessary, and
replacement of members is necessary
in some cases.

-Crack injection, repairs of cross section,
correction of hoop reinforcement
-Replacement of structural members if axial
reinforcements or steel frames are
significantly distorted.

Table: Earthquake resistant performances of bridge supports, level of damage to members,
and foundation stabilization level

Earthquake resistant | Earthquake resistant | Earthquake resistant
Structure
performance | performance || performance Ill
Level of damage to members 1 3 3
Foundation stabilization level 1 2 3

d) Japan is a country with frequent earthquakes, and earthquakes have hit trains
during service hours. Thus, the railway standards in Japan provide limits to
displacement of railway tracks to ensure the safety of driving trains during an
earthquake.

2) Secure the anti-collapse device or frame, even when sub-structure or bearing part of
bridges are destructed/or deformed severely

Ideally, railway facilities are capable of securing the safety during an earthquake and
immediately resume train services after an earthquake. Quick restoration of train
services requires measures to prevent fatal damages such as collapse of bridges.
Bridge collapse prevention system is a measure to have devices to prevent bridges
from falling in advance. An example of a bridge collapse prevention system used in
Japan is shown in the figure below.

. Devices that make up of a bearing section

Movement prevention
System and bridge collapse
prevention system

(square steel stopper)

Figure: Bridge collapse preventio Bearing surface

. Bearing unit
Edge of a bridge beam
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1.2

Ground liquefaction

Damage such as subsidence, inclination and destruction of railway structures, or
damage of roadbed are caused by ground liquefaction. Also, settlement of ground
surface after ground liquefaction is occurred.

Issues to Avoid or Reduce Damage

1) Understand earthquake motion and liqguefaction damage caused by earthquake
motion

2) Implement railway facility plan including foundation works considering impact on
railway facilities

Solution and Procedure for Issues

1) Assessment of ground liquefaction

Assessments of ground liquefaction are compared by calculating “the force that
causes ground liquefaction” and “resistance to ground liquefaction” which are
obtained based on terrain conditions and soil conditions. Preventive measures are
necessary if the force is higher than the resistance as a result of a comparison.

2) Foundation types and soil improvement according to soil characteristics

Major examples of measures to prevent ground liquefactions depending on
conditions of a target ground are listed below:

Increased density: Sand compaction piling method

Increased resistance against ground liquefaction: Pre-loading method
Ground coagulation: Ground improvement method

Decreased saturation level and increased effective stress: Deep well method
Reduction and dispersion of excess hydrostatic pressure: Drain method
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2 Typhoon, Cloudburst

2.1 Flood
Frequent occurrence of high-water floods submerging houses are caused by flooding.

Issues to Avoid or Reduce Damage
1) Set location and specification of bridge, pier and abutment on river

2) Implement plan for railway structures understanding and considering effect of water
pressure, collision with driftwood, and scouring of foundation

Solution and Procedure for Issues
1) Investigate high-water level of each river, and secure overhead sufficient clearance
between girders and high water flow level
Girders of a bridge should be located higher than a high-water level (HWL).

guwr L]

|

Figure: Shape of a bridge support and a position of high-water level

2) Arrange a bridge to meet a river at right angles not to obstruct water flow
Bridges should be placed at a right angle to a river flow based on the perspective that
a bridge crossing a river shall not impede the river flow.
Also, the width of bridge supports to the width of a river (river width blocking rate) is
reduced to decrease obstruction to the flow.

River width blocking rate = bl;LbZ x100 ++--- (%)
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3) Locate a bridge in high place where high-water flow is not discharged

Positions to install bridge supports are examined so that the river flow would not be
impeded. The figure below describes the standard installation positions in Japan.

@ Q i_—_ T TN

{ Surface of a river be

Q=less than 500m%s A=5mover  in a low-flow canal
Q=500m?%s over A=10m over

4) Cross section of substructure shall be less water resistance

The horizontal cross-section of bridge supports installed in a river should be oval
which is as narrow as possible or similar shapes. In addition, the direction of the
longer diameter should be the same as the flow of a river. The figures below describe
the above concept and an example of an actual bridge.

———(Direction of a river flow)

@ Direction of a river flow

Figure: The cross section a bridge
support in a river and direction of a

flow The cross-section shape of

a river bridge is oval so that it

would not impede the river flow.

Figure: Actual example of a bridge support in a river
(skew bridge)

5) Footing of bridge shall be resistant against scouring

The foundation of a river support installed in a river should be placed to a sufficient
depth so that it would not be scoured by the river flow. The figure below describes
standards in Japan.

River support

Karman vortex
Descending flow
Flow

Scouring of river bed Souring hole

River bed
Horseshoe vortex

Figure: Flows at the front of a structure and surrounding flows around a pillar-shaped structure
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Issues to Avoid or Reduce Damage

Implement railway facility (station, depot, and substation, etc.) plan considering
measures to prevent submergence

Solution and Procedure for Issues

1) The most suitable location for railway structures

To avoid the cost increase caused by flood damage and land preparation, examine
the most suitable location considering historical records of flood and ground
information.

2) Secure the sufficient height of formation level against submergence in planning of
land preparation or embankment

To avoid the submergence damage caused by flood, understanding the flood height
from the historical records and set the height of formation level securing the sufficient
height.

3) Examine the most suitable structure type for railway facility considering the locational
conditions;

a) Selection of structure type

Select the most suitable structure type to avoid the submergence damage caused
by flood considering the economical efficiency. Reinforced embankment retaining
wall containing the planar reinforcement is suitable for high water level by flood,
and is also high shockproof and high safety level rather than existing structure.

T I )
Concrete wall Sandbags Geotextile

Figure: Structure of reinforced embankment retaining wall

b) Implement a geographical survey and appropriate soil improvement, if bearing
capacity is weak because of wetland

To avoid the risks such as destruction and subsidence of structure owing to weak
ground, implement a geographical survey and the necessary measures.
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Table: Geographical survey for weak ground

ltem Survey / Test
Stratum structure, Ground water level | Boring survey
Particle size distribution Particle size test
Unit volume weight Unit volume weight test
Consolidation degree Consolidation degree test

L - Uniaxial compression test, triaxial
Cohesion, internal friction angle .
compression test

Table: Measures for weak ground

Method Typical method name
Accelerating consolidation | Presser embankment, Preload
Compaction, tamping Sand compaction pile

Substitution, surface ground improvement, insole

Surface stabilit . i
y network, chemical grouting

Mechanical stirring improvement, high-pressure jet

Deep mixing process o
P gp stirring improvement

Following figure shows the typical measure for weak ground of “ensuring the
bearing capacity using the sand compaction pile method”.

Sand compaction pile

Figure: Ensuring the bearing capacity using the sand compaction pile method

¢) Consider strengthening embankment slope based on the assumption of damage
due to a river or sea flooding nearby

The grid cribwork is the typical method for protection of slope.

d) If the above mentioned solutions are not sufficient to prevent the damage, consider
establishment of cut-off wall/door

Following figures show the example of cut-off wall.

Figure: Example of cut-off wall (electrical facility)

12-11




2.2 High level tide

Destruction of shore protection and road/house submergence are caused by high level
tide.

Issues to Avoid or Reduce Damage

Predict high level tide, and implement railway facility plan considering effect of shore
protection and coastal bank

Solution and Procedure for Issues
1) Estimate highest tidal level based on previous data
The highest tidal level is estimated based on storm surge data from the past.
2) Railway structures shall be resistant to storm surges.

Reinforced retaining walls in which a sheet-like reinforcement is installed have high
earthquake resistance and safer than conventional soil structures. The photographs
below show an example in which a sea wall that was damaged by a typhoon was
restored with a reinforced retaining wall. The restored wall satisfies required
performances against flooding, of course, and wave forces and oceanic waves.

Figure: Seawall damaged by a typhoon Figure: Restoration of seawall damaged by a
typhoon using reinforced retaining wall

3) Secure the sufficient height of formation level which is higher than highest tidal level

The height of an installation surface should be higher than the highest tidal level to
prevent railway facilities from flooding.

4) Consider strengthening embankment slope and establishment of cut-off wall, in case
that damaging and submerging railway facilities are predictable

Photographs below describe examples of tidal gates installed at areas with risks of
flooding caused by high tides.

Yodogawa Tidal Gate

Figure: Example of a tidal gate (railway) Figure: Example of a tidal gate (railway)
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2.3 Landslide, Falling rock

Destruction, deformation of railway structures, and derailment and overturn accidents,
etc. are caused by landslide and falling rock.

Issues to Avoid or Reduce Damage

1) Predict peak rainfall considering abnormal weather, and scale and frequency of
landslide, falling rock around railway facilities

2) Method of confirmation to take measures for preventing the occurrence of landslide
and falling rock

Solution and Procedure for Issues

1) Investigations at areas with risks of landslide and falling rocks are conducted to
forecast damages.

Landslides occur at areas where seepage water is flowing in the ground.

Weathering of the ground gradually progresses as the seepage water passes through
the ground, decreasing the cohesive force of the ground and lowering the searing
strength, resulting in collapses of the ground. Landslides can be forecasted by
calculating rotational slips based on ground investigations. Meanwhile, falling rocks
are assessed by conducting on-site investigations.

Figures below describe conditions which are prone to landslides and falling rocks.

A point of collapse .
Rain
Knick line

) Deep rotational slip
Surface soil .
Embankment materials

with high ratio of fine particles
Flow of water

Increased wate

level

Flow of seepage water . . .
Figure: Example of a rotational slip

Base rock

Figure: Example of a collapse of a slope

2) Take measures to prevent landslide and falling rock in a hazardous area

One of the measures to prevent landslide is to install piles as if skewering into a
rotational slip to reduce the movement of soil using the bending rigidity of the piles.

Preventive measures applied on the source of falling rocks are as follows:

a) Cut slope

b) Removal of loose rocks
c) Foot protection

d) Rock anchoring

e) Covering of surfaces

f) Installation of wire roles

The photograph below describes an actual example of embedding method and
installation of wire ropes.
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Installation of wire ropes
Anchor + grid frame N

Restraining pile
Slope protection method

Soil retaining wall
Slip surface

Down Up

o Slip surface
Infiltration well .
Foot protection

Figure: Landslide prevention measures using

e . Figure: Foot protection and installation of wire ropes
restraining piles

3) Construct protection equipment to minimize damage

There are the following five types of measures applied on slopes and at the edge of
railways.

a) Protective mesh from falling rocks
b) Protective fence from falling rocks
c¢) Protective wall from falling rocks
d) Covering of falling rocks

e) High energy absorption fence

Examples of b) and d) are shown below.

Figure: Protective fence from falling rocks Figure: Covering of falling rocks

Falling rock detection system notifies an onset of falling rocks to trains to secure the
safety of train operations.

Falling rock detection system

Figure: Falling rock detection system
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3 Others
3.1 Subsidence caused by groundwater level drawdown

Settlement and deformation of rail level, and damage to foundation are occurred.

Issues to Avoid or Reduce Damage

1) Predict future ground settlement and deformation of rail level
2) Confirm availability of measures for ground settlement
1) Implement a geographical survey
The table blow describes categories of soil investigations and testing method on soft

grounds.
Table: Soil investigations on soft rocks
Investigation category Investigations and tests

Soil layer formations, ground water levels Boring

Particle size distribution Particle size test

Unit weight Test of unit weight

Density Density test

. . . unconfined compression test, triaxial

Cohesive force, the angle of internal friction . P

compression test

2) Estimate a degree of subsidence from groundwater level, N-value and soil
characteristics

Submerged water layers are located beneath a soft clay surface, and the water
pressure is decreased when the submerged water is pumped up. The pressure
among the sol particles in the clay surface increases as the water pressure is
decreased and triggers consolidation. The ground lowers when the degree of
consolidation increases.

The degree of ground subsidence caused by decreased groundwater level can be
obtained by a one-dimensional consolidation settlement analysis using consolidation
coefficient obtained in an indoor soil tests.

3) Foundation in places where subsidence is predictable shall be constructed to be
resistant to subsidence

When the ground surrounding a foundation lowers as the ground water level lowers,
the vertical friction force works on the sides of the foundation. The friction force
sometimes damages the foundation by compression when it exceeds the durability of
the foundation. Reduction of the friction is effective in avoiding such situation.
Possible measures include the adoption of steel piles with smooth surfaces and
application of resin on concrete piles.
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3.2 Salt damage caused by splashing seawater

Salt damage and aging of rolling stock, concrete, and steel structure are caused by
splashing seawater.

Issues to Avoid or Reduce Damage

1) Understand and predict salt spray and salt damage

2) Confirm availability of measures depending on intensity and characteristic of salt
damage

Solution and Procedure for Issues

1) Treatment of structure against rust prevention to rolling stocks and railway facilities

Structures and materials must be carefully selected for vehicles and facilities in areas
where salt damages are expected to prevent corrosions and oxidations on vehicles
and facilities. For example, aluminum alloys or stainless vehicles are used in such
cases.

2) Review concrete covering to reduce decaying a reinforced concrete structures

A key to retain the durability of reinforced concrete is to retain neutrality of the
concrete and prevent the steel reinforcement from rusting for a long time.

a) Installation of hard concrete

When the covering depth is 4 cm and the water-concrete ratio is 60%, the concrete
retains its neutrality for about 80 years. Yet, if the concrete is made harder by
making the water-concrete ratio to 55%, the neutrality can be retained up to about
110 years.

b) Securing the covering depth

When the water-concrete ratio is 65% and the covering depth is 2 cm due to
defective installation, the inside the concrete can be kept neutral only for less than
20 years, and the steel reinforcement inside the concrete starts to rust after that.
The rust on steel reinforcement increases the volume around the steel, expanding
the concrete and resulting in cracks, damages, and collapses.

c) Steel reinforcement with epoxy resin application

Uses of steel reinforcement on which epoxy resin is applied enables high durability,
because the structure does not become close to a corrosion limit at all even after
50 years from the construction. The additional cost compared to the use of normal
steel reinforcement is about 1 to 2 % in the overall construction cost. Japan
Society of Civil Engineering has prepared design standards.
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D19 Steel reinforcement with
epoxy resin application

D19 Steel reinforcement
before a test

D19 Reinforced steel without
epoxy resin application

Figure: Overview of reinforced steels with epoxy resin application

3) With regard to seaside structure, adopting weather resistant steel, painting material,
painting interval, etc

A common measure to prevent salt damages on steel structures is to use weather
resistant steels. Weather resistant steels prevent progress of oxidation and rusting
by forming “generated rust” at the beginning. Generated rust is red brown as shown
below which is similar to the color of rust, giving a “heavy” impression.

Figure: Bridge support with weather resistant steel
(No paint application is planned for the future.)
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OUTLINE OF DESIGN STANDARDS FOR RAILWAY
STRUCTURES AND COMMENTARY
(SEISMIC DESIGN)

1 DESCRIPTION OF THE SEISMIC STANDARD

The code provisions of “Design Standards for Railway Structures (Seismic Design),” that have been used
generally for seismic design of railway structures in Japan, was issucd as a potice by the Ministry of
Transpert (currently the Ministry of Land, Infrastructure and Transport) in December 1998, Commentarics
and appendices were added and published in November 1999 as the “Design Standards for Railway
Structures and Commentary (Seismic Design),” hereinafier referred to as the “seismic standard.”

The seismic standard is the result of a drastic revision of conventional seismic design based on the lessons
leamed from the damage to railway, road and other important [acilities caused by the Hyogoken-Nanbu
Earthquake which oceurred on January 17, 1995, The seismic standard is applied to the design of bridges,
viaducts, foundation structures, retaining structures (retaining walls, abutments, ¢te.), cut and cover tunnels
and embankments. As for the embankments, however, the seismic standard is applied only when seismic
design is necessary, for example, in cases where designing highly imporiani embankments when the
geographical features of the site are susceptible to the effect of earthquakes, or when recovery is difficult.
The seismic standard is composed of fifleen chapters as shown in Table 1, Technical documents, required
when performing sophisticated design, are attached at the end of this standard as Appendices.

Table 1 Contents of the Seismic Standard

_%Nu. Title Chapler MNo. Trtle

1 Gieneral 9 Almtments

2 Basie off Selsmsc Dessgn 10 Rigid Frame Structures

3 Design Earthquake Motions and Loads 1 Bearings

4 Materials and Design Values. 12 Foundstion Structares

4] Evalantion of Surface Orosnd and 13 Retaining ‘Walls
Compulstion of Behavior

& Compuiation of Response Vahues of 14 Embankments
Structare

7 Veerification of Seismic Performance 15 Cut and Cover Tunnels

8 Bridye Piers Appendices

Il A BRIEF HISTORY OF THE ISSUE OF THE SEISMIC STANDARD AND ITS
CHARACTERISTICS
1. History of the Issue of the Seismic Standard
Many railway facilitics suffered severe damages in the Hyogoken-Nanbu Earthquake that occurred on
January 17, 1995, A fundamental philosophy for seismic design was proposed by the “Study Committes
for the Seismic Structure of Railway Facilities” set up by the Ministry of Transport {currently the Ministry
of Land, Infrastructure and Transport) after the carthquake. Following the proposal, the “Study
Sub-committee for Seismic Standard”™ was set up by the Railway Technical Research Institute performing
a5 & secrefarial under the guidance of the Ministry of Transport. This sub-committec consisted of
academics and engineers from railway operators specializing in seismic design. The seismic standard is the
result of discussions conducted over three vears by this sub-committee.
The study committce presumed the principal causes of damage to railway siructures due to 1995
Hyogoken-Nanbu Earthquake, which are described below based on damage investigation and the results of
analyses,
a) All of the structures at the site possessed the required capacity corresponding to a design
horizontal seismic coefficient of 0.2 specified in the design standard at the time of their design.
However, this value was grossly exceeded by acceleration induced by the carthquake. For this
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reason, many structures suffered damage.

b) The Shinkansen viaducts that suffered severe damage, such as collapse, had less safety against
shear than against flexure, which caused considerable structural damage. One of the reasons for
this was that, according to the standards at the time of their design, the allowable shear stress of
concrete was larger than that of current standards.

¢) The main reason for the large difference in the degree of damage between adjacent viaducts
(some collapsed while others suffered only cracks in columns) was the difference in surface
ground.

As a result, we learmed that the following should be included in the new seismic standard: a) inland
earthquake motions must be considered, b) the failure mode must be considered in evaluating the safety of
members, and ¢) the dvnamic propertics of surface ground must be fully taken into consideration when
computing the response values of structures,

On the other hand, though foundation damage was relatively light, of particular note was the damage
cased by the lateral flow of soil accompanying the liguefaction of the ground. The large motion of the
ground caused piles to break, thus indicating the importance of design methods against the lateral flow of

soil.

2. Characteristics of the Selsmic Standard
The following are the main characteristics of the new seismic standard.

(1) Consideration of 1995 Hyogoken-Nanbu Earthquake-class carthquake motion

In light of the damage caused by the 1995 Hyogoken-Nanbu Earthgquake, structures must be designed to
withstand this kind of strong earthquake motion. For this reason, two levels of design earthquake motion
(earthquake motion to be considered in design), Level-1 and Level-2, were adopted. Level-1 earthquake
motion has a probability of occurring several times within the service period of the structure and that is of
a level that has been already considered in conventional seismic design. Level-2 earthquake motion is
strong earthquake motion that has a low probability of occurring within the service period, such as
earthquake motion caused by a near-land-large-scale interplate earthquake or by an inland near-field
earthquake.

(2} Use of structural ductility

When inland earthquake motion with a retum period of several hundred vears is taken as design earthquake
motion, the effect on strectures will increase dramatically. Therefore, it is rational o design structures
adopting the concept of allowing damage but preventing collapse, which is available through the
appropriate evalvation of the ductility of members and foundations. So, the endurable extent of damage is
prescribed and represented by “seismic performance™ based on the viewpoint of damage control.

Figure 1 shows the defined threc criteria of seismic performances of structures corresponding to the extent
of repair and retrofiting that will be required after an earthquake. The seismic standard prescribes
verifying that structures salisfy those performances with respect to design earthquake motions. Which
seismic performance is to be assigned to a structure is determined according to the importance of the
structure. Also, the damage level corresponding to the seismic performance of a structure must be set for
members and foundations.
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Scismic performance [ Damage level 1: No damage
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Seismic performance I Damage level 3: Damage requiring repair,
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within & ghort perind. depending on situstion.
Seismic performance IT1:

mﬂw does not collapse because Stability o Foumiations

Dasmage level 1: No damage

Damspe level 2: Damage requiring repair
depending on situstion.

Dumape level 3: Damage requiring repair and
offset remediation of
structure depending on
situntion,

Figure 1 Relationship between Seismic Performance of Bridgas and Viaducts,

Damage Level of Members and Stability Level of Foundations

{3) Use of dynamic analysis

Dynamic analysis that completely models the foundation and the superstructure are mainly used to
compute the response values of structures. This is because the effect of an earthquake is fundamentally
dynamic, and because the dynamic effect of the surface ground is significant when subjected o strong
earthquake motion such as that experienced in the 1995 Hyogoken-Nanbu Earthquake. The nonlinear
response spectrum method, however, is regarded as an alternative to be applied to some types of structures,

il SEISMIC DESIGN PROCEDURE

Figure 2 illustrates the procedure for seismic design for bridges and viaducts.

In the seismic design of the new seismic standard, the input earthquake motion is set first. Then, the
surface ground is classified based om a soil exploration. In the time history dynamic response analysis,
ground and structures are appropriately modeled to obtain the response values of the struciure. On the
other hand with the nonlinear spectrum method, the response values of the structure are computed using
nonlingar response spectra (also called “demand yield seismic coefficient spectra™) that are prepared using
the design earthquake motion preset for each ground classification. In the general verification of seismic
performance, these response values and the limit values of the structure are used.

The nonlinear response spectrum method may be used for structures that can generally be modeled by
single degree of freedom system to express the behavior apainst earthquakes. However, for complex
structures, the time history dynamic analysis method should be used.
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| !

Verification of seismic perfonmance Member......Damage level Foundation......Stability level !
Figure 2 Seismic Design Procedurs for Bridges and Viaducts

IV SUMMARY OF THE SEISMIC STANDARD

1. Design Earthquake Motions

(1} Bedrock carthquake motions

The seismic standard prescribes Level-] and Level-2 carthquake motions as design earthquake motions.
These Level-1 and Level-2 earthquake motions are set at the bedrock and their properties are represented
by acceleration response spectra. For bedrock, it is desirable to take the hardpan of which shear wave
velocity is large. In actual design, however, the bedrock is generally taken to be the top surface of a hard
stratum that can bear the foundations.

a) Lewvel-1 earthquake motion

This level of earthquake motion has been used in combination with the elastic design method. As well
as being presented as static loads (for the selsmic coefficient method), it also is provided as a scismic
wave form for dynamic analysis.

The intensity of Level-1 earthquake motion is prescribed based on the acceleration response spectrum
determined for firm ground classified in the conventional allowable stress design method, and is
determined referring to an earthguake risk analysis of the return period of 50 years. The maximum
value is taken as 250 gal (damping ratio 5%).

b}  Level-2 earthquake motions

A design earthquake motion with a maximum elastic response acceleration of 10 has been taken into
consideration in the conventional design of structures on standard pround. However, a5 for the
intensity of Level-2 earthquake motion, il was necessary (o consider carthquake motion that occurred
in regions near the fault including hypocenter as severe as the strong earthquake motions experienced
during the 1995 Hyogoken-Nanbu Earthquake.

To set this kind of earthquake motion, the positions of active favlts that will be a threat must be
specified in each area by comprehensively taking into consideration geological information relating to
active faults, peodesic information related o movement of the earth’s crust, and seismological
information relating to seismic activity, Although it is ideal to prescribe the intensity of earthquake
motion based on these active faults, the accuracy of a retumn period of an earthquake generated by
inland active faults, the magnitude and the properties of carthquake motion are often insufficient to be
used in the basis of seismic design, In the seismic standard, standard earthquake motion for the area
near the faults was prescribed based on analyses and records of strong earthquake motions near faults

Sika
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that have caused major disasters in the past, such as the 1995 Hyogoken-Nanbu Earthquake.

The acceleration response spectra of Level-2 canthquake motion as standard eanthgquake motion
considers the following:

{i) Acceleration response spectrum (Spectrum [) targeting near-land interplate carthquakes

(Magnitude ¥ level, distance to epicenter of 30 to 40 km) that has been considerad in

conventional design.

(il) Acceleration response spectrum {(Spectrum 1) determined according to statistical analysis

based on past earthquake observation records targeting earthquakes produced by inland

active faults.

Furthermore, when the rupture mechanism of faults can be specified, the acceleration response

spectrum (Spectrum [} computed by analysis based on that mechanism may be used instead of

Spectrum 11,

Spectrum 11 was set taking into consideration a non-exceedance probability of 90% for the response

spectrum of past earthquake motions observed on firm ground. The maximum value of spectrum [1

determined according to this method is 1700 gal (damping ratio 5%) for G1 ground classification

{bedrock).

Figure 3 shows the procedure for setting Level-2 earthquake motions,

Dretermane local
erisnaic risk factor

Modsfication of Spectrum [ by nsk
factor (Modified Spestram 1)

| Investigate active faults and judgment I

Compustion of faalt
M‘ﬁwt’ﬂ‘
v

Determination of lead
seismic risk factor

¥

Determination of Specinem
1N from Mk model

Angmaation of Spectrum|

11 by distance

Modification of Spectnam 11 by
risk Eacsar

Diesign Spectram oa bedrock

|

¥

Creation of artificial wave

Fegure 3 General Procedure to Determine Level-2 Dasign Eanthquake Mation

(2) Ground surface design earthquake motion
The seismic standard preseribes the ground surface design carthquake motion for each ground
classification, and the characteristics of that earthquake motion are outlined by the acceleration response

spectra,

Since the characteristics of the surface ground must be expressed as accurately as possible, ground is

.
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classified into eight types. The classification corresponds to the natural period of ground computed based
om the initial velocity of shear wave of the surface ground.

Ground surface design earthquake motions are determined to Level-1, and Spectra | and 11 of Level-2
earthquake motions. Figures 4 to 6 show the elastic acceleration response spectrum of the respective
ground surface design earthquake motions, and Figures T and 8 show the time-history waveforms (Spectra
1 and I} of ground surface design earthquake motions {Level-2 earthquake motions).
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Figura 4 Elastic Acceleration Response Specira of Ground Surface Design Earthquake Motions
{Level-1 sarthquake motion)
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Figura § Elastic Acceleration Response Spectra of Ground Surface Design Earthquake Motions
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Figure & Elastic Acceleration Response Spectra of Ground Surface Design Earthquake Moticns
{Spectrum |l of Level-2 sarthquake motion)

12-28




Figure 7 Time-history Wavedorms of Ground Surface

a W A Timeiesy

Dasign Earthquake Mation
[Spectrum 1)

2, Evaluation of Surface Ground

(1} Property Survey and Testing of Ground
Since Level-2 earthquake motion is considerably intense, the nonlincar characteristics of ground as much
as those of structures have to be adequately evaluated. For this reason, appropriate property surveys and
testing of the ground must be performed.
Table 2 shows ground survey items in seismic design and their purpose.

n‘ m p ]
Figura B Time-history Wavelonms of Ground Surface

10
Design Earthguake Mation
{Spactnum I}

Table 2 Ralation Batwean Survay |tems in Ground Surveys for Seismic Design and Their Purposes

Primary Purpose of Survey
of
Judgment of Setting
Seming of i 2 of parEmECT:
Bupney Description bedrock: surface m“‘”“““‘m R, when
e and ground lflow of | ground
| soil, judgment | classification in perfarming
surface in " : ] dyramic
ey F f soft clayish seismic design of
jroued
Doainent | Earfhouaioe damag il (5]
ey | Dymamic properiies of soil o
Geographic festures/geoiogical parvey o (o] o ]
Haring o o] &) Q
[T Ciround-water level measunemenl 0 (4] (o) 8]
surveys | Standard-pensiration e [&] 8] [o] [o]
lesits | Seismic velocity logging (PS5 well logging) 2 A o
it Elastic wave explorstion A A &
Ie-silia strength inst i A s A
Undisturbed sampling N A i A
Partiche-size analysis Ay 0 T o
Wet dansity test of sl A A A A
Labaratary | Umeoafined conspression test of soil A A A &
soil it | Undramed cyclie iraxil compréssion best of & x
moil
Cyclic truaxial compression tesi for clininng, &
i deformation charcteristics of soil

0; In principle, must be performed £ Reguired scconding o situation

= g
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For ground which might possibly liquefy, it is recommended o conduci a eyelic loading triaxial
compression test and to ascertain the shear strength ratio, Figure @ shows the procedure to judge the

possibility of liquefaction.

Soil survey
Computation of natral period of ground
Selection of pround classification
I

v
Setting of maximum accelerstion on Betitng of earthguake motion om groand
ground surface surffice

¥ ¥
Estimation of shear siress ratio Estimation of liquefaction strength ratio
I ]
v

Computation of liquefaction
resistance rate

v

Reduction of vareas soll constants

Figura 9 Liguefaction Judgmant Procadure

(2) Ground Classification
The surface ground is classified to eight profiles, from GO to G7, for seismic design as shown in Table 3.

Table 3 Ground Classification for Seismic Design

Ground Classification Natural Period T, Description
GO - Hard rock
Gl = Bedrock
G2 0.25 and shorter Diluvium
G3 025w 0.5 Diense sail
G4 0.5 10.0.75 Diease 1o soft soil
GS 0.7510 1.0 Soft soil
G6 100 1.5 Very soft soil
G7 1.5 and longer Extremely soft soil

The following shows the formula for computing the natural period shown in Table 3;
e[ _h
s a
=l Fik

where,
Ry layer thickness (m) of each soil layer (i layer) (i = | to N layers)

-8
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Vi design initial velocity of shear wave (m/s) of each soil layer (i layer)

i3} Evaluation of Surface Ground
The characteristics of surface ground must be fully assessed as they greatly affect on the seismic
performance of structures that are built on the ground, The following shows evaluation methods for some
typical grounds requiring attention:
a) Geologically Irregular Ground
AL geologically irregular ground, the earthquake motion is amplified and has caused considerable
damage in past earthquakes. The evaluation of the amplification effect of geologically irregular
ground should be conducted using the finite element analysis method. This method is, however, not
popularly used at the design stage, so the amplification factor of carthquake motion baged on seismic
response analysis of geologically irregular ground is plotted and shown in the seismic standard,
Figure 10 shows the ground conditions for which the effect of geologically irregular ground should be
congidered.

Shopa anglhe 1210 or mone

T RN
! 11} m or msore thick Sirtncs \‘1._. 100 tm o bdgher
.i' eroiind *._‘_.:h -

Bedrock surface in sesmic design
() In cases where the bedrock gurlface i sexsmic desti 1 (b) In cases where the prouind surface is slanied
slanted

Figure 10 Conditions in which ihe Effact of Geclogically Imegular Ground Must Be Considered

Slope angle 110 or more
n.m_‘hr‘

b)  Liquefied Ground

Liquefaction is a considerable problem in seismic design and it has caused many disasters on
structures in the past earthquakes. Countermeasures should be devised when the oceurrence of
liquefaction can be prevented economically by soil improvement. If it is difficult, other measures
must be devised to prevent the collapse of the structure or major damage caused by the excessive
response of structure due to liquefaction or excessive displacement of the foundation due to land
settlement and lateral flow of soil.

In the 1995 Hyogoken-Nanbu Earlhquake, considerable damage was caused 1o structures due to the
lateral flow of soil accompanying liquefaction. To assess this, the seismic standard adopted the same
approach as the response displacement method, which computes the amount of ground displacement
that causes lateral flow of soil, and acts on structures via the subgrade reaction (see Figure 11).
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Figure 11 Considerafion of Ground Displacement Caused by Lateral Flow of Sesl

¢} Soft Ground

At soft ground, earthquake motion is amplified in the weak surface layer, resulting in considerable
displacement that damages the pile foundation. Therefore, this phenomenon must be taken into
consideration for foundations on ground where large displacement might occur. The amount of
displacement in this case should be computed by seismic response analysis of surface ground. The
seizmic standard, however, provides a simple method, for the sake of practical design, to obtain the
displacement using the natural period of the ground for each level of earthquake motion,

3. Computation of Structural Response Values

(1) Nonlinear Spectrum Method

Dynamic analysis methods are primanly used in the design of bridges and other structures in seismic
design. It is necessary to use the dynamic analysis model of multi-degree of freedom system for structures,
such as multi-span continuous bridges, long-period structures or new-type bridges whose behavior cannot
be expressed by the smgle-degree of freedom system, For general structures, however, response values
may be obtained by nonlinear response spectra computed using dynamic analysis which take nto
consideration the hysteresis charactenistics of structures.

In the seismic standard, this method is called the “nonlinear spectral method.” The demand yield seismic
coefficient spectrum is a nonlinear response spectrum that illustrates the relationship between the yield
seismic coefficient and natural period of the structure for each ductility factor. The ductility factor
(response displacement) of a structure subjected to a design earthquake can be simply obtained if the yield
seismic coefMicient and equivalent natural period of the structure are known.

Figure 12 shows the method to create the demand vield seismic coefficient spectrum. Figure 13 shows the
method to obtain the ductility factor from the equivalent natural period and yield seismic coefficient,

=10 -
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Figure 12 Method to Create Demand Yield Seismic Coefficent Spectrum

The process to compute the ductility factor of a structure using the demand yield seismic coefficient
spectrum shown in Figure 13 is as follows: a) obtain the vield seismic coefficient Ky, using nonlincar
analysis of the structure, b) obtain the equivalent natural period of the structure, and c) the point of
intersection between a) and b) is determined using the demand yield seismic coefficient spectrum diagram,
and the ductility factor is read from the diagram.

Kuy

=
=
!
I

Diemand Yield Seramic Coefficient
=
| |
|

2%

0.5 I
Equivalent Natural Period T (sec)
Figure 13 Method to Compute Ductility Factor from Equivalent Natural Pariod T, and Yield Setsmic Cooflicient K,

{2} Time-history Dynamic Analysis

The time-history dynamic analysis can rationally express the behavior of a structure subjected to an
carthquake. There is, however, still many uncertainties. Modeling methods must be fully assessed when
applying this method of analysis.

There are various kinds of time-history dynamic analysis methods. It is important to select an appropriate
method after a full understanding of their differences, for instance on the convenience of modeling,
casingss of setting various analysis constants, adaptability to nonlinearity, applicability to complex
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structures, and applicability to liquefaction and geologically irregular ground.

{3) Evaluation of Dynamic Interaction Between Soil and Structures

During an earthquake, dynamic interaction occurs between soil and structures. The inleraction is greatly
influenced by their frequencies and masses. The effect of dynamic interaction must be taken nto
consideration when the behavior of structures subjected to an eanthquake is strongly affected by this
phenomenon.

There are two types of dynamic interaction: interaction caused by the inertia force of the structure (inertial
imeraction), and interaction caused by the ngidity of the foundation and positional fluctuations of
earthquake motion (kinematic interaction). For highly rigid foundations in the ground, the latter (kinematic
interaction) must be considered.

4, Verification of Seismic Performance

(1) Seismic Performance of Structures

The seismic standard adopts the performance-based design method which clearly sets and verifies the
damage states of structures (i.c. seismic performance} when they are subjected 1o design earthguake motion.
These provisions can also be called the “damage conirol design method.”

As shown in Figure 1, the seismic performance of & structure is related to the difficulty of recovery after an
carthquake. For relationships between design earthquake motion and required seismic performance,
Seismic performance [ is applied to Level-1 earthquake motion. Seismic performance [1 is applied to
Level-2 carthquake motion for important structures, and Seismic performance 111 s applied to other
slructures.

To ensure the seismic performance of structures, the damage level of component members of a structure
and the stability level of the foumdation must be set appropristely. The damage level of each member has to
be set taking into consideration the seismic role of the corresponding member, As the stability level of
foundations affect the deformation of a structure, it is set taking into consideration the bearing capacity and
displacement since this greatly influences deformation.

{2) Member Damage Levels and Foundation Stability Levels

The member damage levels are associated with the extent of displacement, that are represented on the
envelop curve of load-displacement relationship and taking into consideration the importance of the
structure, member charactenstics, the relation between damage and repair methods for the member,

For example, for reinforced concrete members being subjected to moderate axial compressive force and
having the precedent failure mode of flexure, the envelope curve of the load-displacement relationship of
the member is expressed as shown in Figure 14, Then, each damage level may be set comresponding to the
points of gradient change on the envelop curve of the load-displacement relationship.

In Figure 14, damage level 1 is set within the displacement o make the longitudinal reinforcement yield
{point B); the damage level 2 is set within the displacement at maximum capacity (point C); the damage
level 3 is set within the displacement at which the yield capacity can be sustained (point D); and the
damage level 4 is set for the displacement beyond the point D,

When the relationship between the damage level and the displacement of member is set in this way, the
displacement of a member can be taken as a verification index. Table 4 shows the guidelines of repair
methods corresponding to each of these damage levels.

=12=
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Figura 14 Envelep Curve of Load-Displacement Relation of Reinforced Concrete Members (under low axial force)

Tabio 4 Summary of Repair Mathods for Corresponding Damage Levels of Reinforced Concrete Members

Damage Level Giuideline ul‘R_-:Elr Method
Damage level | | No damage _ : * No repair (Durabality considered as necessary
Diamape leviel 2 D‘ml"“!. ﬂfﬂmww = Injoction into crack / patching, if necessary
level3 | D kring epair -Eﬁuﬁmimm;uk!p.ﬂmgkmﬂuﬁmof
# [njection into crack / patching /remediation of
Damage requiring repadr, and ties.
Damage level 4 | replncement of members depending on | o Replacement of members when huckling of
Siuation longitudmal reinforcements of stractusal seel
frame is conspicuouws.

It is prescribed that the stability level of foundations is set with emphasis principally on bearing capacity
and displacement. The residual displacement and ductility factor of a foundation are used as indices of this.
The ductility factor is the ratio between the response displacement of a foundation subjected 10 carthquake
and its yield displacement. Figure 15 illustrates the relation between the stability level and
load-displacernent curve of the foundation.

The yield point of the foundation is defined by the yield of either supporting ground or members. Both are
referred wo as “stability level.”

The stability levels of foundation are defined as follows:

Stability level 1: In principle, the load acting on the foundation is smaller than the yield bearing
capacity of the foundation, and large displacement does not occur. Also, the section
forces of component members of the foundation do not exceed the yield bearing
capacity.

Stability level 2: Either or both of the supporting subgrade or members may yield but have sufficient
bearing capacity. Also, harmful displacement and residual displacement, which spoil
the function of strecture after carthquake, have not cccurred.

Stability level 3: The structure retains the required bearing capacity to prevent it from collapsing due
to failure of the supponting subgrade and damage to members.

Table 5 summarizes repair methods corresponding to the stability levels of the foundation. Figure 16
illustrates the potential damage regions of piers. Table 6 summarizes the relations between the seismic
performance of pier members, and the limit values for member damage levels and foundation stability
levels,
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Figura 15 Load-Displacemant Curve and Stability Levels of Foundation Struchmes

Table § Schemea of Repair Methods for Comesponding Stability Levels

Damape Level Summary of Repair Method
= Mo damage
Stakility bevel | * Acting Jowd is smaller than yield bearing | * No repair
iy . .
= Injection of voids in footings and aroun
Stability level 2 ¢ Damage that may require ropsir foundations may be required depending on
depending on sitation. prce o el o g

\ ; » Sodl-lmprovement

. Damage that midy require strengthening 2 . %

Stahility level 3 * i o Strengthening of foundation by expanding
or remediation of the structure : Mor additiocal pi

- Potential damage region
Figure 18 Schemalics of Potential Damage Reglon of Pler

Table 6 Seismic Performance of Pler Members, and Limil Values for Member Damage and Foundation Stability Levels

Structurs Seismic Performance | | Seismic Performance 1 | Seismic Performance 111
Damiage level of member 1 3 3
Stability level of i 2 3
fundation

*OH the member damage levels, bearing damage level is in acoordance with *7.11 Bearings"
(3) Concept of Importance
The importance of structures is set according o the extent that structural damage will affect human life, the
degree of influence on society and surroundings the operating speed and number of trains and the difficulty
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of recovery in the event of damage to the structure, and other factors.

Structures as follows are judged to be important structures: a) structures for the Shinkansen railway
network and metropolitan passenger railway networks, and b) cut and cover tunnels, that are difficult o
recover in the event of structural damage,

5. Seismic Design of Structures

(1) Seismic Design of Bridges
a) Computation of Response Values of Piers
In the computation of response values of bridge piers using the time-history dynamic analysis, the
structure is divided into the design vibration unit and modeled to either an overall detailed model
composed of super- and sub-structunes or o model in which support springs represent the foundation
a5 shown in Figure 17,
Though superstructures and foundations behave monolithically during an earthquake, it is intricate to
use the overall detailed model composed of super- and sub-structurcs when time-history dynamic
analysis methods are used in the practical design process. Also, detailed assessment is required for the
modeling of the ground in this case. Generally, modeling may be performed with the superstructure
and foundation as separate.
In the modeling of members, beams and columns are modeled as linear members and nonlinearity is
taken into consideration. To express the nonlinearity of reinforced concrete members, a model must
be used that can take into consideration the influence of the cracking of members, yield of
longitudinal reinforcement, spalling of cover conerete, and buckling of longitudinal reinforcement
Generally, either a tri-lincar model or a tetra-linear model, which can take into consideration the
decrease of flexural moment capacity beyond the maximum flexural moment capacity, is used to
express the M-# relationship as shown in Figure 18 (2). If the tetra-linear model is used, the behavior
of a structure can be traced even after some of its members have reached the capacity decreasing
region, thus can provide very accurate analysis. A degrading rigidity model is used for unloading
rigidity.
Figures 18 (b) and 18 (c) show the M-& relationship models for concrete-filled steel tube members
{with a circular section) and of steel members, respectively.
The rigidity change points of models for cach member and hysteresis rles shown in Figure 18 have
been newly prescribed based on member test results,

|
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by Verification of Seismic Performance

Verification of seismic performance is conducted by verifying that the damage level of component
members of a structure is satisfied when subjected to the design earthquake motion.

The damage level of members is verified by the following formula:

iRy = 1.0 (Eq. 2)
where,
84 design response value
Sy= 180y
R design member performance corresponding to the damage level of the member
R‘f= Rud}'fg

S(F4): response value with respect to the design load &4

Ri(f4): member performance corresponding to the design materials strength fy
¥ structure factor

Y4 structural analysis factor

v member factor

The limit values of member damage levels are set taking into consideration the guideline of retrofit
methods shown in Table 4, member characteristics and loading conditions.

Verification is conducted by confirming that the response values, obtained using the nonlinear model
shown in Figure 17, do not exceed the evaluation index (displacement) corresponding to the damage
level of the members shown in Figure 14. For members such as columns whose flexural moment
distribution vanes linearly, the rotation # shown in Figure 18 is used as the evaluation index. On the
other hand, for members such as beams whose flexural moment distribution varies in a curved manner,
the curvature ¢ of the member section is used,

The damage levels of bearings are set based on Tables 7 and 8. The damage level of bearings
corresponding to the seismic performance T1 of structure is basically set as level 2. However, up to
damage level 3 is allowed when the capacity of infrastrecture is large like that of the transverse
direction of a wall shape pier.

Tabke 7 Seismic Performance and Demage Level Limits

Seismic performance of structures 1 I 1
Dumage lbevel of bearings 1 2{3) 3

S b
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Table & Damage Level of Bearings

[amnge Level Estent of Damsge Extert of Repair
I Sound amd no damage Mo repair
2 Relatrvely slight damage without unseating of Repair as necossary.
girder
Damage includes unseating of girder and failure of .
3 | some bearing npparaius, bus bridges do not fall off. Repair or replacement is necessary.

(2) Sesmic Design of Foundations

a) Basic Concepts

Foundations must transfer inertia forces that are applied from the superstructure safely to the subgrade,
and must also satisfy the design conditions (displacement limits, et¢.) that are required from the
superstructure. For this reason, the type of foundation must be selected to suit the type of the
superstructure. As the seismic design of foundations can not be considered separate from that of
superstruciures, the safety of the overall structure must be well bewared through the analysis with a
detailed model composed of superstructure and foundation.

Furthermore, foundations generally are difficult to repair, requiring significant time and money for the
repair work. For this reason, the seismic performance of foundations must be determined taking into
consideration economic factors and its relationship with the capacity of the superstructure.

It is difficult to use a method which merely allocates large capacity to foundation members to not only
provide sufficient seismic performance of a structure subjected 1o a severe earthquake while designing
it economically. Accordingly, the seismic standard allows plastic deformation of the foundation, and
prescribes verifying that the foundation possesses sufficient deformability.

b) General Seismic Design Methods for Foundations

Appropriate seismic performance must be set for foundations, and indices for evaluating the
performance are also required.

For the seismic performance of foundations, the stability level is categorized in to three levels as
shown with the load-displacement curve obtained by a pushover analysis in Figure 15. Evaluation
indices include the damage (plasticization) of surrounding soil that supports the foundation and
damage o component members, Member damage levels are set based on the methodology shown in
Figure 14 and Table 4. On the other hand, the damage level of the subgrade {extent of plasticization)
must basically be set based on loading test results obtained using scale model foundations tested for
large displacement region or actual structures, becanse the damage level varies according to the type
of foundation.

Further, in the computation of response values of foundations using dynamic analysis, the hysteresis
charactenistics of the foundation based on plastic deformation of the ground must be modeled
appropriately. These are set based on vibration test results obtained using scale model foundations
tested for large displacement region,

Generally, foundations should be designed to exceed the capacily of the superstructure since it is
difficult to discover damages in foundations afier an carthquake and extremely expensive to perform
repair or strengthening. However, in the case of foundations for wall type piers that have considerably
large capacity in the transverse direction, the foundations should be designed so that seismic energy is
absorbed by plastic deformation of the foundation since it is not always rational to design foundations
to exceed the capacity of the superstructure. Bul, since it is not desirable to increase the plastic
deformation of foundations, limit values are determined for the ductility factor of the foundation as
shown in Table 9, in order to prevent excessive residual deformation from oceurring.

« 1B
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Table 9 Ductiity Factor Limit Vialues for Foundations

Ductility Factor Limét Values for
Foundation Stability Level Foundations
Spread Foundation Pile Foundation
Stability level 1 1 1
Siabiliny level 2 ] 18
Stability level 3 [ 4

¢)  Seismic Deformation Method

In the seismic design of foundations, the foundations are generally designed to support the inertia
force of the superstructure. In cases where, however, the ground is soft, a large displacement occurs in
the ground that sometimes considerably affects piles. The seismic deformation method has been
traditionally adopted to consider this influence,

With the seismic deformation method, the ground displacement and the ineriia force from the
superstructure acts on the foundation to check its safety, With the allowable siress design method,
however, the horizontal force obtained by multiplying the design seismic coefficient with the weight
of superstructure acts as the inertia force, and then the ground displacement is added. However, since
i) the response acceleration of structures varies depending on the relationship between the natural
periods of the ground and structure and i) & time difference exists in the occurrence of the maximum
values of ground displacement and response acceleration of the structure, they must be appropriately
assessed so that foundations are rationally designed. Figure 19 shows the procedure for computing
response values by the seismic deformation method used in the seismic standard.

When the design natural period of surface ground T, is longer than (.5 seconds, or the standard
penetration resistance (¥ value) and the layer thickness matches specified conditions, the amount of
horizontal displacement of the ground during an earthquake is considerable. The influence of not anly
inertia force bui also ground displacement increases in deeply embedded foundations (excluding
spread foundations). So, the influence of both inertia force and ground displacement must be
considered as an effect of earthquakes.

=19-
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Figure 18 Flow Chart for Computing the Response Value of Foundation Structures by Seismic Deformation Method

(3) Seismic Design of Embankment Structures
a) Basic Concepls
Until the 1995 Hyogoken-Nanbu Earthquake, embankments were constracted without implementing
seismic design since recovery afler a disaster was simple, However, this carthquake prompied the
application of seismic design to embankments. This is because linear structures such as railwavs
remain unusable if the safety of all structures is not continuously maintained. Thus required seismic
performance must be maintained for carth structures as well.
General embankments are basically constructed based on “Design Standards for Railway Structures
and Commentary (Earth Struciures),” and seismic performance is accounted for according to the
structural details in the standard. However, seismic design is now conducted on important
embankments at i) locations where severe damage in an earthquake is anticipated judging from
embankment shape, geographical features, geological conditions, history of past disasters, and ii)
locations where high seismic performance must be provided. Figure 20 shows the flow for the seismic
design of embankments.
The main embankments that are likely to be damaged judging from the experiences of past disasters
arg as follows: a) embankments on soft ground, b) embankments on slopes, ¢) embankments at
boundaries between cutting and embankment, d) embankments on ground with sloped bedrock, and ¢)
particularly high embankments.
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b) Computing Embankment Response Values

In computing embankments response values, the safety factor with respect o Level-1 earthquake
motion is obtained by the circular arc slip method. For Level-2 earthquake motion, however, a
required safiety factor of more than 1.0 cannot be ensured by the circular arc slip method. Instead, the
amount of residual embankment deformation is computed by adding, i) the amount of residual
deformation caused by deterioration of the deformation coefficient, and ii) the amount of deformation
caused by liquefaction of soft ground as necessary, to the amount of sliding deformation, which is
computed by the Newmark method. However, the amount of deformation computed by this method is
fairly unreliable because of the low-level of accuracy when accounting for the heterogeneity of the
ground and embankments.

Figure 21 illustrates the amount of embankment settlement during an earthquake.

=3[ =
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¢} Verification of Seismic Performance of Embankments

The seismic performance of embankments is set based on the difficulty of recovery of a structure after
an carthguake, The amount of settlement is used as the evaluation index in considering computational
BCCUTCY.

The seismic performance levels of embankments are defined as follows,

Deformation level 1: No damage due to slipping failure and almost no residual displacement
occurs.

Deformation level 2: Damage where slipping failure occurs, accompanied by small or slight
residual displacement.

Deformation level 3: Damage where considerable residual deformation of embankment and the
ground occurs, and where partial reconstruction of embankments is
required.

Deformation level 4: Damage where destructive failure of embankments is caused by the
liguefaction of the ground, and where total reconstruction is required.

Deformation levels 1, 2 and 3 correspond to Seismic performance [, 11 and [l of structures,
respectively. Therefore, Level-1 earthquake motion must be verified to satisfy deformation level 1,
and Level-2 earthquake motion must be verified to satisfy deformation level 2 or 3 according to the
importance of the embankments.

Tables 11 and 12 show extent of damage and standard setflement amounts for embankments and
abutments,

Tabla 11 Degree of Damage and Standard Settlemant Amounts for Embankments

Defrmution Level Degree of Damage Fatent of Setlement Amount
1 No damags Mo damage
2 Slight damape Settlement ammmt less than 20 cm
3 Recovery possible by temporary measwres | Settlement amount mone than 20 em and less than 50 cm
4 Long time required for recovery Settlement amount more than 50 am

Table 12 Degree of Damage and Standard Settlernent Amounts for Abulmenis

Deformation Level Extent of Damnge Extent of Settlement Amount
1 No damage Mo damage
2 Slight darnage Differentinl settiement at abutment back bess than 10 cm
3 Recovery possible by temporury measuwres | Dufferentinl seitbernent st sbutment hack less than 20 cm
4 Long time required for recovery Setllement amoet more than 20 cm
=22.
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(4) Seismic Design of Retaining Walls and Abutments
If the overtuming or tilting of the main body or the failure of a concrete wall body at retaining walls and
abutments oceurs, it would become a large problem because time-consuming repair work is required. Since
the major function of retaining walls and abutments is to bear earth pressure, its deformation during an
earthquake has a high possibility to be cumulated in one direction. This phenomenon should be considered
in seismic design. The following describes seismic design mainly for retaining walls.
a) Loads to be Considered
Earth pressure and the inertia force are typical loads that act in wall bodies during an carthquake,
These loads are strongly influenced by the characteristics of earthquake motion at the ground surface.
The earth pressure during an earthquake is determined by the behavior of the backwall soil and the
retaining wall bodies. The pressure varies because of phase differences between them due to the
yielding of the wall and plasticization of backwall soil. However, since the various soil constants of
backwall soil cannot be accurately ascertained and phenomena, such as the rubbing-in of soil into the
gap between the back ground and wall body by vibration, occur, the structure and back ground are
considered, in design, 1o behave in the same phase. In other words, the behavior of a siructure is
assumed 1o be mainly govemed by that of back ground, and, in practical terms, the acceleration of
earthquake motion of the ground surface may be used 1o compute the pressure.
In the seismic standard, a new method is preseribed to provide an appropriate active earth pressure
when subjected to large carthquake motion based on the experiences of disasters and model vibration
test results.

b) Computing Response Values of Retaining Walls

The dynamic analysis methods should be basically used in the computation of the response values of
retaining walls. However, the deformation during an earthquake has a high possibility to be cumulated
in one direction at retaining walls, so it makes difficult 10 model the structure and back ground
properly. For this reason, the lead-displacement relationship is computed by static nonlinear analysis
{pushaver analysis) to determing the yield point, and the Newmark's equal energy criterion shown in
Figure 22 is introduced 1o compute the response values.

Figure 23 shows an example of a structural analysis procedure for Level-2 earthquake motion,

vield displatemen

For maximum seismic deformation o T

Yield posni

Yield displscement  Maxinuem resposss deformation
Figure 22 Newmark's Equal Energy Criterion
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¢} Werification of Seismic Performance of Retaining Walls

Three indices a) stability level of the foundation, b) damage level of wall bodies and ¢) residual
displacement (maximum displacerment) are used fo express the seismic performance of retaining
walls,

Slightly severer limit values are set for the retaining wall because the stability level limit values
prescribed for pier foundation give unsafe judgment for the retaining wall of which deformation
cumulates in one direction, The damage level of wall bodies, on the other hand, is following that of
members. The residual displacement is difficult to evaluate, so it is merely recommended 1o restrict
the settlement of backwall soil of abutments within a range that permits slow-speed running after an

earthiquake.

(5) Seismic Design of Underground Structures, Such as Cut and Cover Tunnels

As the cut and cover tunnels are located in the ground, it had been considered generally to be safe with
respect to earthquakes. For this reason, there were no clear seismic design provisions. However, the
following is now prescribed in the seismic standard because the cut and cover mnnels suffered severe
damages due to shear failure of the center columns in the 1995 Hyogoken-Nanbu Earthquake:
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a) Basic Concepts

The behavior of underground structures like cut and cover tunnels subjected to earthquake motion is
giromgly influenced by the behavior of the surrounding soil. For this reason, it is important in the
seismic design to precisely understand the behavior of the soil during an earthquake and to consider
the dynamic interaction between the structure and the ground. The nonlinearities of the soil and
component members of the structure also must be taken into consideration as they become
considerable during severe earthquake motion.

Therefore, in the seismic design, verification of the safety of structural members is generally
conducted computing the behavior of the ground during an canthquake and the response of structures
(deformation and stress) subjected to ground displacement.

b} Computing Response Valees of Cut and Cover Tunnels

When computing response values of cut and cover tunnels, it is important to adopt the evaluation
method taking into consideration the dynamic interaction between the soil and the structure. For this
computation, it is ideal to use the finite element method that can evaluate dynamic interaction
behavior by modeling both the soil and strecture simultanecusly. However, for the practical design,
the seismic deformation method which computes the dynamic behavior of surrounding soil and then
applies statically the outcome displacement to the siructure through the subgrade reaction is used. In
this case it is important to evaluate appropriate soil constants and compute the subgrade reaction.
Figure 24 shows schematics of the method to apply loads in the seismic deformation method.
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Figure 24 Schematics of Loads According fo Selsmic Defarmation Maethod

¢)  Venfving the Seismic Performance of Cut and Cover Tunnels

The member damage level and stability level are taken as indices for evaluating the seismic
performance of cut and cover lunnels.

Member damage level | should be satisfied for each of the members to ensure seismic performance 1
against Level-1 earthquakes. On the other hand, seismic performance 11 should be ensured for Level-2
earthquakes based on the imporance of cut and cover tunnels and difficulty of repair after an
earthquake. In accordance with this, damage level 2 should be satisfied for members that support
trains and members (e.g. floor slabs and sidewalls) that are difficult to repair due to contact with
peripheral ground, while damage level 3 should be satisfied for other members.

Though the stability level gencrally does not need to be verified in general, the stability (settlement or
uplifi) of the structure should be verified when ground liquefaction occurs.

=25
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V DESIGN GUIDEBOOK, DESIGN EXAMPLES, AND DESIGN SOFTWARE
A design guidebook, design examples and design software are available so that new design methods
prescribed in the seismic standard can be used smoothly in the practical design.

1. Design Guidebook and Design Examples
The following are available as the design guidebook and design examples of the seismic design,
a) Design Guidebook for Verification of Bridges and Viaducts
b)  Design Example for Reinforced Concrete Piers {Spread Foundations)
¢} Design Example for Reinforced Concrete Piers (Pile Foundations)
d) Design Example for Caisson Foundations
e} Design Example for Pile Foundations (Influence of Liquefaction/Lateral Flow of Soil)
f)  Design Example for Pile Foundations (Seismic Deformation Method)
g)  Design Example for Abutments
h) Design Example for Cut and Cover Tunnels (Seismic Design)

2. Design Software

{1} Seismic Design Software Package: SNAP

A design software compliant with the seismic standard and essential for practical design is available. The
seismic design software package including the core program SNAP (Static Nonlinear Analysis with
Pushover-analysis) covers bridges, rigid frame viaducts, cut and cover tunnels, retaining wall/abutment
structures, steel pipe sheet foundations, caisson foundations, and various other structures.

Also available is a ground liquefaction judgment program based on a cumulative damage theory with
respect o Level-2 carthquake motion.

(2) ASCARS (Assessment Program for Seismic Capacity of Railway Structures)
A program that can take into consideration entire structural systems as a frame analysis model in
compliance with the seismic standard, and that computes response values according to design earthquake
motion and verifies seismic performance, is available.
a) Types of structures covered by this software
= A bridge pier, rigid frame viaduct, arbitrarily shaped structures
= Pile foundation, spread foundation and foundation modeled by springs.
The amangement of the members and foundation shape are arbitrary. They are directly modeled using
nodal point coordinates,
b) Members covered by this software
* RC (Section shapes with rectangular, circular, T, oval and arbitrary), SRC (Section shapes with
rectangular, circular, and T), Steel (Section shapes with rectangular and circular), CFT (Section
shape with circular)
& Other: nonlinear characteristics can be directly modeled.

T
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* Interactive mode and display mode
Diaa s input in inleractive mode and the data can be checked on screen & i s inpa,
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# Autemalic generation in the snatysin model
Consistent resubts are produced by automatically generating an snalysis model and dasa
hased on information mput rom design drewings for standard bridge beams and viaducts,
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Duttling of Dasign Standards for Railway Structures and Commentary (Seismic Design)

The English edition of the outline of the “Design Standards for Railway Stractures and Commentary
(Seismic Desipn)™ was produced by the Rallway Techrical Research Instrhate (RTRI) to introdice
one of the advanced milway technologics established in Japan.
The provisions of the original standard, writlen in Jupanese, are the fruits of discussions in the
working committees composed of academics and enginoering specialists from railway companbes,
They are based on the investigntion and research of RTRL. as directed by Japan's Ministry of Land,
Infrastractare amd Transport as a pan of mimstenal policy to establish milway echaical standards,
This documeni is an English translation summarizing the original standard.
It is our hopse that this document helps overseas milvny engineers to understand the railway
technologies currently being used in Japan.
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12.2 Recommendation for Railway Technical Standard in Philippines
1. Sandardization of Railway Transport
(1) Obstaclesto Railway Development

Essential characteristics of rail transport include: 1) aleviation of road congestion by mass transit, 2)
ensuring safety and stable operation, 3) environment-friendly and energy efficient.

On the minus side are the huge initial investment costs, relatively expensive operation and maintenance
costs, aside from low financial viability.

In the Metro Manila case, the advantages have often been negated by fragmented developments of the
railway lines, sparseness of the railway network, and disregard of users' convenience. As a result, low
railway-share and low profitability have being occurred.

In the absence of an explicit technical standard on railways in the Philippines, compatibility of the railway
facilities and equipment—tracks, rolling stocks, signal/telecommunication and operation aspects—among
the various railway lines cannot be assured. In such a situation, high procurement cost and inefficiency of
operation and maintenance are not surprising.

(2) Establishment Strategy for Railway Technical Standard

To formulate the contents of mandatory technical standards, it is necessary to define the rules—from the
early stage of design concerning the strength of materials of facilities and rolling stock, safety level of
structures, and so forth. If the design and construction are carried out on the basis of these rules (design
standards), consistently good structures can be realized automatically.

2. Purposes of Establishing Railway Technical Sandards

Specific rules and standards are necessary for railways to carry out safe, high-speed, punctua, and
efficient train operation. Therefore, it is essential for the national government to clearly indicate standards
on safety conditions and so forth so that railway operators can satisfy a specific level of socid
requirements by meeting the standards.

Furthermore, various railway operators with different technological power, past achievements and so
forth will become able to observe the standards and secure safety conditions and so forth higher than a
specific level.

The governments and national railways of individual countries have established compulsory technical
standards on railway construction and operation, for such purposes as ensuring of railway safety and
maintaining of railway networks.

3. Drawing Up of Railway Technical Sandardsin Metro Manila

Numerical value regulations can become a factor which hampers development and introduction of new
technologies, and also can nullify peculiarities of individua railway organizations or routes, eventually
leading to the increase in railway operation costs. Furthermore, there is a possibility that technologies of a
specific country (or countries) will become advantageous.

Therefore, in drafting the Technical Standards for the Philippines, the so-called “performance regulations”
dtipulating performance essential for railways have been adopted, in order to expand the scope of
technological freedom of respective railways.

However, since it might be difficult to make technical judgment according to the performance standards
alone, such items as “the principles and interpretation of the technical standards’ and “the concrete
numerical valuesfor reference” are described in Appendix as the interpretation standards (explanation).
The Technical Standards in the main text have been drawn up, based on the assumption that official
standards should be established and put in forth by the Government. The interpretation standards
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(explanation) have been prepared for the reference of individua railway organizations in making
judgment for establishing their technical by-standards.

4. Legidation of Railway Technical Sandards

Compulsory standards must be adhered to in each railway company. For this reason, it is necessary for
these technical standards to be clearly prescribed in the legal system of the Philippine Government.
Confirmation of compliance with standards can either be carried out by the railway companies themselves,
or by the public administration sector. As the basic philosophy, the weight applied to the self
responsibility of railway companies shall be raised, the degree of freedom of companies including makers
shall be expanded, and administrative involvement shall be held to a minimum.

5. Organization in Charge of Railway Technical Sandards

Railway technical standards state regulations which are necessary for securing railway safety, maintaining
networks, displaying railway characteristics, securing convenience for users, and taking environmental
countermeasures, however, in order to newly establish or revise standards, it is necessary to assign
expertsin technica standards who are well versed in railway work affairs.

We submitted the following document to DOTC, “Railway Technical Standard in the Philippines’ and
“Interpretation Guidelines for Technical Standard” are shown from next page.
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Railway Technical Sandard in the Philippines
Chapter 1 General

1.1 Definition of Terminology

The main technical terms are defined bel ow.

(1) Track gauge : shortest distance between inner side surfaces of two rail heads of a track
measured

(2) Main line: track constantly used for train operation

(3) Siding : track other than amain line

(4) Station : place used by passengers to get in and out of trains or for the loading and unloading of
cargo

(5) Signaling yard : place mainly used for mutual passing or waiting for atrain

(6) Shunting yard : place mainly used for the shunting of rolling stock or the composition of atrain

(7) Station, etc. : inclusive term for a station, signaling yard and shunting yard

(8) Depot : place mainly used to accommodate and maintain rolling stock

(9) Ralling stock : locomotives, passenger cars, freight cars and special-purpose cars (rolling stock
with special structure and equipment, including a track tester and accident relief car, etc.) used
for railway business

(10) Train : agroup of rolling stock composed for operation on track outside a station, etc.

(11) Motive power units: electric or internal combustion rolling stock

(12) Block : Simultaneous operation of two or more trainsis not allowed in this section

(13) Operation safety devices. signaling safety devices, level crossing safety devices and safety
communication devices

(14) Railway signals: signals, signs and markers

(15) Signals: objects indicating the operating conditions of atrain, etc. to railway staff

(16) Signaling safety devices. devices to display railway signals and devices to automatically
reduce the train speed or stop atrain, etc. in accordance with the signal indication in order to
ensure the safe operation of atrain, etc.

(17) Signs: physical movement and so forth to mutually indicate intentions between railway staff

(18) Markers : objects indicating the position, direction and conditions, etc. of specific items to
railway staff

(19) Disabled persons. persons who find it difficult to travel by rail without help due to a physical
reason(s)

1.2 Preparation of Implementation Standards
1.2.1 A railway proponent shal prepare “Implementation Standards’ based on the Technical
Standards prior to the construction of a railway line and shall submit them to the Department of
Transport and Telecommunications.
1.2.2 The DOTC shall be entitled to issue an order to alter the “Implementation Standards”.

1.3 Prevention of Construction Accident
Slope, cut, excavation, embankment, piling, etc. of railway facilities shall be constructed so as not to

cause any harm to persons.

1.4 Prevention of Loud Noise
Railway operator shall strive to prevent loud noise due to train operation.

1.5 Act on Promotion of Smooth Transportation, etc.
Railway operator shall provide facilities for smooth transportation, etc. of elderly persons, disabled
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persons, etc.
Chapter 2 Personnel

2.1 Security of safe operation
Railway operator should strive to ensure the security of train operation, etc. by use of railway
employees knowledge, their skill and operation-related equipment.

2.2 Education and Training of Railway Employees

2.2.1 Railway operator shall provide the necessary education and training for those railway
employees directly related to train operation.

2.2.2 Quadlification of Railway Employees (Obtaining of Certificate) Motive power units (electric
rolling stock; internal combustion rolling stock) shall only be operated by those who have obtained
the certificate for train drivers published by DOTC or official agencies.

Chapter 3 Tracks

3.1 Gauge and Slack
The gauge shall be decided to ensure the smooth running of rolling stock, taking the structure of
vehicles and others into consideration. At curves, appropriate slack shall be provided in accordance
with the curve passing performance of rolling stock.

3.2 Railway Alignment
A curve radius and a grade shall be decided to ensure the high-speed and mass transport, taking the
maximum speed and the traction load, etc. into consideration.

3.3 Curve Radius

3.3.1 An appropriate curve radius shall be adopted based on the standard minimum curve radius to
ensure the smooth running of rolling stock, taking the curve passing performance and running speed
of vehicles and the cant, etc. into consideration.

3.3.2 In the case of a curve along a platform, its radius shall be as large as possible to ensure the
smooth boarding/alighting and safety of passengers.

3.4 Cant
A circular curve shall be provided with cant in accordance with the gauge, radius of curve and speed
of rolling stock, etc. It must be ensured that the largest value of the cant will not adversely affect the
stability, etc. of rolling stock which is either travelling at alow speed or which is stationary.

3.5 Transition Curve
A transition curve shall be provided between a straight line and a circular curve or between two
circular curves depending on the structure, degree of cant and travelling speed of rolling stock, etc.

3.6 Grade
The grade of the track shall be determined in consideration of the power performance, braking
performance and speed of operation, etc. of rolling stock and the standard steepest grade for main
linesis given below. A grade as gentle as possible shall be introduced on a main line along a platform
and storage siding, etc., taking the rolling maotion, etc. of rolling stock into consideration.

3.7 Vertical Curve
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In places where the grade changes, a vertical curve shall be introduced to prevent the derailing of
rolling stock and to prevent any unpleasant feeling on the part of passengers, taking the speed of train
operation and rolling stock performance, etc. into consideration.

3.8 Construction Gauge
The construction gauge shall be determined to ensure the safety of rolling stock and passengers, etc.
vis-a-vis the pitching or rolling, etc. of travelling rolling stock and no structure shall be introduced
within the construction gauge.

3.9 Width of Formation Level
The width of the formation level shall be determined to ensure the safety of passengers and workers,
etc. in consideration of the pitching motion of travelling rolling stock and the track structure, etc.

3.10 Center-to-Center Distance of Adjacent Tracks

3.10.1 The center-to-center distance of adjacent tracks shall be determined by adding a margin to the
width of rolling stock in consideration of pitching motion to ensure its safety and of the passengers.

3.10.2 This distance shall be widened at curves, etc. in response to the expected swaying, etc. of rolling
stock.

3.11 Track and Civil Engineering Structures
Track and civil engineering structure shall be determined to ensure the safety and security of the
rolling stock and railway facilities in consideration of the structure of rolling stock, train weight and
sub-grade conditions, etc.

3.12 Building Construction
Buildings shall be constructed so as not to compromise the safety of the rolling stock and passengers.

3.13 Disaster Prevention Devices, Safety Devices and Evacuation Devices
Disaster prevention and safety devices shall be installed to avoid entry of unwanted persons and of
falling objects onto the tracks. Similarly, measures shall be applied to prevent damage to the facilities
which may be brought about by accidents or any untoward incidents happening in the perimeter area.
In addition, evacuation devices designed to safely guide passengers at the time of an accident or an
emergency will be set up.

3.14 Underground Station Facilities
Underground Station, tunnel connected to this station and long tunnel shal be equipped with
ventilation facilities to meet its specified capacity.

Chapter 4 Sation Facilities

4.1 Track Layout of Station

4.1 Specifications for station facilities such as effective track length, platform length/width, etc. shall be
determined so as to ensure smooth train operation with consideration for passenger safety.

4.2 Smooth transfers between railway line
Railway proponents shall plan through train services by constructing or improving railway facilities
in cooperation with other railway proponent, or, shall plan the stations in the same location with or
adjacent to the stations of other railway lines to facilitate transfers between railway lines by
proponents.
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4.3 Smooth transfers between railway and road-based and other modes of transport
Railway proponents shall plan appropriate type of station plazas in cooperation with relevant road
management agencies/operators prior to the construction or improvement of railway facilities to
allow smooth transfers from road-based and other modes of transport.

4.4 Depot

Depot shall be capable of sufficient capacity of stabling area in accordance with rolling stock to
introduce.

Chapter 5 Power Facilities

5.1 Contact Line

5.1.1 A contact line, a feeder lineg, its attached equipment and electric wire, and protection facilities shall
be installed according to a situation of installation place, a method of installation and a standard

voltage so as not to cause any electric shock and/or fire.

5.1.2 Contact lines shall be capable of collecting power evenly and continuously in accordance with the
speed of the train and the power collection method of the rolling stock.

5.1.3 The voltage of contact lines shall be maintained at a stable level sufficient to ensure smooth train
operation.

5.1.4 Return rail shall be designed in such a way that the leakage current from rail to ground is
minimized.

5.2 Substations
5.2.1 Substations shall be constructed in such away that their safety and security are ensured.

5.2.2 Substation equipment shall have the capacity to meet its specified load as well as withstand
specified overloading conditions.

5.2.3 Substations shall have a power control center, and shall be equipped to cope with failures.

5.2.4 Substations shall be designed such that other substations can provide the power required for train
operation even when one of the substations is down.

5.3 Electrical Facilities
An electrical equipment, a distribution board and same others shall be installed so as not to cause any
electric shock and/or fire.

5.4 Lighting Facilities
Lighting facilities shall be provided inside and under the stations and tunnels to facilitate the
boarding/alighting of passengers and to guide passengers to safety in case of emergency.

Chapter 6 Operation Safety Devices

6.1 Installation of Operation Safety Devices
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6.1.1 Railway lines shall be equipped with operation safety devices.

6.1.2 Operation safety devices shall be installed so as not to cause any harm to the safe operation of a
train, etc. even if they experience a malfunction.

6.2 Devices to Ensure Safety between Trains

6.2.1 A device to ensure a block section shall conform to the following criteria. It must make the signal
indication corresponding to the conditions of the block section on the route or guarantee the block
section.

6.2.2 A device to control the distance between trains shall conform to the following criteria.

a. It shall be capable of indicating the signal in accordance with the distance to a train, etc. on the
route.

b. It shall automatically reduce the train speed or stop the train at a position to prevent a collision or
derailing in accordance with the distance between trains or the track conditions.

6.2.3 A device to ensure safety between trains in a single track section shall be capable of preventing the
simultaneous operation of trains running in opposite directions.

6.3 Indicating Device of Railway Signals

6.3.1 The structure, indication method and installation method of an indicating device for railway signals
shall be capable of making the correct signal indication to prevent the erroneous recognition of a
signal.

6.3.2 A signa device shall be installed at the starting point of a block section, and a corresponding signal
indication device shall be installed at a point in rear which enables a train to reduce its speed in
accordance with the signal indication or to stop.

6.3.3 At acrossing or branching site, a signal indicating device shall be installed in a suitable position to
prevent derailing or the disruption of aroute by another train, etc.

6.3.4 In the case of a cab signal, the starting point of the block section shall be indicated depending upon
the need.

6.4 Interlocking Device
6.4.1 Aninterlocking device shall beinstalled at a crossing or branching site.

6.4.2 An interlocking device shall be capable of mutually interlocking a signaled route and other signals
and points which may disrupt operation on the signaled route.

6.5 Remote Control Device

6.5.1 A device which remotely or automatically controls an interlocking device shall not disrupt the
locking function of the interlocking device.

6.5.2 When the manual control of a remote or automatically controlled interlocking device is intended,

there must be a system at the control station to display the presence of atrain, etc. on the track and
other information.
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6.6 Automatic train stop of decelerating device
When trains are operated in block system equipment capable of automatically stopping train or
decelerating its speed according to train conditions as well as signal indication shall be installed,
except train can be safely depending on the status of train operations as well as the condition of
tracks.

6.7 Automatic Train Operation Device
6.7.1 Automatic Train Operation device on driverless train shall conform to the following requirement.
a. It must not make atrain leave until safety of passengers is guaranteed.

b. It shall be capable of making target speed lower than speed directed by control information based
on device to control the distance between trains. In addition, required functions on operation safety
will be set up, such as smoothly running speed, etc.

c. It shall automatically stop the train at the place not to compromise the safety of passengers.

6.8 Train Detection Device
A train detection device used for the operation safety system shall be capable of detecting atrain, etc.
without fail while preventing any disruption of its function by induction, etc.

6.9 Communication System for Safety Purposes
A communication system for safety shall be installed between such facilities as stations and so forth,

substations, operation command centre and power command office, etc. for safety and operational
purposes.

6.10 Installation of Communication Cables
Overhead communication cables shall be installed at a sufficient clearance/distance so as not to
disrupt other means of transport and shall not contact power cables in order to avoid any physical
harm to persons.

6.7 Railway Crossing Safety Facilities

6.7.1 Railway crossing safety facilities shall be provided at railway crossing.

6.7.2 Railway crossing safety facilities shall be capable of informing the approach of a train to persons
using the crossing road and of shutting down traffic on such aroad with the approach of atrain. They
must be at least capable of informing that a train is approaching even if other operations are
impossible due to the specific circumstances of the facilities.

6.7.3 Railway crossing safety facilities shall have an additional device to inform of an obstruction on a
crossing road by an automobile if such an additional device is deemed to be necessary considering the
train speed, traffic volume on the road and railway track and types of passing automobiles, etc.

Chapter 7 Rolling Stock

7.1 Size Limits of Rolling Stock

7.1.1 Rolling stock shall not exceed the specified size limits of rolling stock.

7.1.2 Height of anti climber shall be identical.
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7.2 Constrains with respect to Tracks and Structures
Rolling stock shall not impose a heavier burden than that bearable by tracks and structures.

7.3 Stability
Rolling stock shall be capable of providing a stable running performance under the anticipated conditions.

7.4 Running Gear

7.4.1 Running gear shall be solid with sufficient strength, shall be capable of ensuring the safe as well as
stable running of rolling stock and shall not damage the track.

7.4.2 The distribution of the axles of a car shall alow passing of the minimum radius of the running line
without any problems.

7.4.3 The suspension mechanism shall have a sufficient buffer capacity and should be capable of securing
stable shock absorbing movement against shock from the track.

7.5 Motive Power Apparatuses
7.5.1 Electric equipment of electric circuits of rolling stock shall conform to the following criteria.

a. Electric equipment shall not cause electric shocks and/or fire accidents when thebreakage of
electric insulation takes place.

b. Electrical equipment shall not cause any inductive disturbance to other electric circuits.
c. Current collecting device shall be that which can ensure electric insulation against the car body and
which can smoothly follow contact wires while running.

d. Pantographs of atrain shall be able to be simultaneoudly folded from crew cabin.

7.5.2 A mative power apparatuses shall be installed so as to prevent the floor and walls from generating
heat or causing afire.

7.6 Brake Equipment
7.6.1 The brake equipment of rolling stock shall conform to the following criteria.

a. The brake equipment shall be capable of reducing the speed or stopping rolling stock in motion
without failure in accordance with specified conditions.

b. Brake equipment shall be controlled throughout all cars in formation when operated from the crew
section.

c. Brake equipment shall automatically produce braking force in case any of cars in formation is
disconnected.

7.6.2 Rolling stock shall be equipped with an independent braking function depending on the type of
rolling stock in case of failure of the normal brake equipment.

7.7 Car Body Structure

The body of rolling stock shall be solid with sufficient strength and shall be able to withstand
operation under the anticipated usage.
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7.8 Structure to Mitigate Excessive Noise
Rolling stock shall have a structure which mitigates excessive noise generated by the running train.

7.9 Structure of Crew Cabin
7.9.1 The crew Cabin shall have a doorway for the crew and shall be so structured to protect the operation
of the crew from passenger interference. Devices and equipment required for train operation shall be

protected so that they cannot be touched by passengers.

7.9.2 The front and sides of the crew section shall provide the view required for operation by the crew in
accordance with the operating conditions.

7.10 Structure of Passenger Cabin
The structure of passenger cabin shall conform to the following requirement.

a. Windows shall have sufficient strength and shall not touch any wayside structures at open
condition and there shall no possibility for passengersto fall down from windows.

b. The passenger room shal have lighting equipment required at night or when running through
tunnels, and shall be maintained enough brightness inc calse of emergency.

c. Toilets shall be provided depending on the usage and operation distance of rolling stock.
d. At least one car of the passenger train shall be provided with a space to accommodate wheel chairs.
7.11 Structure of Passenger Door

7.11.1 Passenger door will have a structure which ensures the safe and smooth boarding and alighting of
passengers and there shall be no danger of passengers stumbling.

7.11.2 The level difference between the doorway and the platform shall be as small as possible.
7.12 Automatic Door Control Device

7.12.1 The automatic door control device installed at the doors of passenger doorway shall be capable of
securing the safety of passengers while the rolling stock is running and shall allow the simultaneous
opening or closing of al doorsand shall be able to confirmation of the door status by the crew.

7.12.2 The doors equipped with an automatic door control device shall allow their manual opening in case
of an emergency.

7.13 Structure of Gangway
A gangway shall have a structure which allows the safe and smooth passage of passengers.

7.14 Structure of Emergency Exit
When arrangement of door is not easy for the passengers to escape in emergency rolling stock shall
have emergency exit and such emergency exit should be easy for train crew to confirm the whether it
isopen or close.

7.15 Coupling Device

The device required to connect rolling stock shall be solid with sufficient strength and shall be
capable of connecting the cars securely withstanding vibrations and impacts.
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7.16 Structure of Rolling Stock for Transport of Specia Cargo
Tankers and other freight cars for the transportation of special cargo shall have a structure to prevent
disasters originating from the said cargo.

7.17 Equipment of Driver's Cabin
The crew cabin which is used to operate rolling stock shall be equipped with such devices and
equipment as acceleration and deceleration control and others required for operation in accordance
with the usage of rolling stock.

7.18 Air Compressor and Accessories
The air compressor (source of compressed air) shall be capable of preventing abnormal rise of the
compression pressure and functional decline due to the water produced by air compression.

7.19 On-Board Devices
On-board devices shall conform to the following criteria.

a. Ralling stock shall be equipped with device which allow verbal communication or the exchange of
signs between crew members or between a crew member and ground staff, depending on the facility
conditions.

b. The car at the front end of the train shall have a device capable of warning of danger by means of a
whistle at its front end.

7.20 Marking on Rolling Stock
Rolling stock shall have a marking which allows the identification of individual cars.

7.21 Fire Prevention for Rolling Stock

7.21.1 Onboard wires shall not cause fire or spreading of fire even in the presence of anticipated heat
generating sources.

7.21.2 On-board heat generating equipment shall not adversely affect other sections of rolling stock.

7.21.3 Vehicle body shall be composed of construction and materials which can prevent breaking out and
spreading of fire

7.22 Continued Functioning of Devices during Power Interruption.
Devices designed to ensure the safety of train operation and passengers, and devices required for
passenger evacuation shall be capable of continuing their function for a specific period of time when
their main power supply is cut off.

Chapter 8 Maintenance of Facilities and Rolling Stock

8.1 Maintenance of Railway Facilities and Rolling Stock

8.1.1 Railway facilities shall be regularly maintained and inspected in a condition which permits the safe
operation of trains, etc.

8.1.2 Operation safety devices shall be maintained in a state which permits their accurate functioning.

8.1.3 Rolling stock shall not be used unless its condition allows safe operation.
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8.2 Inspection and Trial Operation of New Facilities and Rolling Stock, etc.

8.2.1 Newly constructed/installed, improved, modified or repaired tracks and electric power equipment
and newly built, procured or modified rolling stock shall only be used after satisfactory inspection
and trial operation.

8.2.2 Newly installed, modified or repaired operation safety devices shall only be used after satisfactory
inspection and trial operation.

8.2.3 When train operation is resumed after disaster or incident or suspended tracks and power supply
systems such tracks and power supply systems shall be inspected and if necessary trial operation shall
be conducted before resumption of the facilities.

8.2.4 Wen rolling stocks are procured, modified or repaired such rolling stocks shall not be provided for
revenue operation before inspection and running test however modification or repair is minor
inspection and running test can be omitted

8.3 Patrolling of Facilities

8.3.1 Tracks and contact lines shall be patrolled in accordance with the condition of the line and
operation.

8.3.2 When there is a prospect of a natural disaster adversely affecting train operation, the relevant tracks
shall be monitored. If necessary, the operating speed of the said track shall be restricted or operation
itself shall be suspended.

8.4 Regular Inspection of Railway Facilities and Rolling Stock

8.4.1 In regard to the regular inspection of railway facilities and rolling stock, the interval, subject
sections and method of inspection shall be stipulated in correspondence with the type, structure and
conditions of use, etc. of such railway facilities and rolling stock.

8.5 Recording of Inspection Data
When the regular inspection of railway facilities and rolling stock is conducted, the inspection data,
location and contents shall be recorded and stored.

Chapter 9 Train Operation

9.1 Train Composition
The maximum number of connected cars of a train shall be determined based on the facility
conditions and the performance, structure and strength of the cars.

9.2 Brake Force

9.2.1 The integrated braking force of atrain shall be that which is suitable for the track conditions and
operating speed.

9.2.2 The details of the brake test for a train and the method of verifying its operation status shall be
stipulated separately.

9.3 Boundary of Station
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The boundary of a station shall be the position at which the home signal or home marker is located.
9.4 Emergency Braking Distance, etc. of Trains
9.4.1 The emergency braking distance shall be stipulated separately.
9.4.2 The braking mechanism of atrain shall be continuous braking.
9.4.3 Theratio of brake axlesto the total number of axles of the train shall be stipulated separately.
9.5 Train Operation
9.5.1 A main line outside a station shall only be used for train operation.
9.5.2 Departure, passing and/or arrival times at a station shall be pre-determined for train operation.

9.5.3 “Keep-right” or “Keep-left” shall be stipulated separately for the double-track sections where trains
are operated.

9.6 To Ensure Safety between Trains
The train should be driven by either one of the following methods to ensure safety between trains.

a. By means of block section
b. By means of device to ensure safety between trains

¢. By means of operation by sight of motive power unit’s driver and taking conditions required for
safety operation of train into consideration

9.7 Backward Operation
In principle, a train shall not engage in backward operation, etc. However, this does not apply to
trains engaged in the repair work of tracks and other facilities, relief trains and trains in tria
operation.

9.8 Train Protection
When an abnormality occurs during train operation, the train shall be immediately stopped, and
measures for train protection shall be taken.

9.9 Track Closure

9.9.1 In principle, works on track facilities and electrical equipment shall be conducted while track is
closed and isolated from running trains.

9.9.2 The procedure for the designation, commencement and ending of track closure shall be stipul ated
separately.

9.10 Shunting of Rolling Stock
That the shunting of rolling stock shall be conducted using cab signals, shunting signals, guiding
signals and/or shunting markers, etc. and other requirements shall be stipul ated separately.

9.11 Operation Speed

9.11.1 The maximum operation speed of atrain shall be determined taking the tracks, electrical lines and
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structure of the rolling stock into consideration.
9.11.2 Should reverse operation be required, the speed of operation shall be stipulated separately.
9.11.3 Speed limit, shunting speed, etc. which are indicated by signals shall be stipulated separately.
9.12 Safety between Trains
9.12.1 A train shall be operated by means of employment of the block system.
9.12.2 The substitute block system shall be stipulated separately.
9.12.3 The method of operation solely relying on the driver’s judgement shall be stipulated separately.
9.13 Railway Signals and Operation
A train or rolling stock shall be operated in accordance with the conditions indicated by the railway
signals.
9.11 Response to Natural Disaster

The procedure to be taken when there is a hazard vis-a-vis train safety due to meteorological
conditions (rain, wind or earthquake, etc.) shall be stipulated separately.

Chapter 10 Reporting of Railway Accidents

10.1 Objective
The objective of the provisions of Chapter 10 is the prompt reporting and dealing with railway
operation accidents and incidents which impede railway operation in an assured manner.

10.2 Scope of Application
The method to report and deal with a railway operation accident of one's own company or such an
accident of another company which is related to the staff and/or rolling stock of one’s own company
shall be stipulated separately.

10.3 Terminology
Such terms as “akilled person” and “an injured person”, etc. shall be stipul ated separately.

10.4 Stipulations Regarding Railway Operation Accidents, etc.

10.4.1 Accidents shall be classified into railway operation accidents and incidents disrupting railway
operation.

10.4.2 A railway operation accident shall be an accident which entails casualties and/or material damage
resulting from the operation of atrain, etc.

10.4.3 An incident which disrupts railway operation shall be a minor accident which involves casualties

and/or material damage due to the operation of atrain, etc. and which does not fall in the category of
atrain operation accident. The scope of such an incident shall be stipulated separately.
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Interpretation Guidelinesfor Technical Sandard

1. Track Gauge
Track gauge is the most basic item to be identical for compatibility with rolling stock and track.
Track gauge is distance of inner side of two rails. It shall be measured 14mm below the level of rail top.

Track Gauge

rail top level

|
iy

Figure*.1.1 Track Gauge

In the Philippines 2 types are applied for public transportation.

1,435mm : Linel, Line2, Line3

1,067mm: PNR
1,435mm s called as standard gauge and it is applied in many countries all over the world.
1,067mm is applied in the Philippines, Japan, Taiwan, Indonesia, New Zealand and some countries in
Southern Africa.  Considering the compatibility of railway network no other gauge shall be applied in
the Philippines.

2. Whed Profile

Even the track gauge is identical it dose not mean that any train can run on the line even the structure
gauge is cleared. Wheel type is classified roughly into two groups, one is for heavy rail and the other is
for light rail like tram line.

Figure *.2.1 shows the wheel profile of Line 1.
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Figure *.2.2 shows the wheel of light rail and wheel of heavy rail putting at track center. Back gauge
heavy rail is smaller than that of light rail and flange width of heavy rail is bigger than that of light rail.
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Figure*.2.2 Whed for Light Rail and Heavy Rail

Clearance of flange way at switch is highly related to the back gauge. Flange way of light rail is
narrower than heavy rail.

C1 clearance of check rail

C2 clearance of flange way at crossing

Figure*.2.3 Wheel Set at Turnout

In figure *.2.3 when back gauge of wheel (B) is smaller than dimension D wheel will be stacked at
crossing. Dimension D can be calculated by subtracting C1 and C2 from track gauge (A). Cl is
clearance between check rail and main rail and C2 is clearance of flange way at crossing rail.

In the projects of Line 1 C1 is specified 31mm and C2 is specified 37mm. Dimension B becomes
1367mm. Wheel of heavy rail cannot pass the switch of light way. Also there will be a risk of
derailment for the wheedl of light rail passing the switch of heavy rail.

Wheel profile shall be identical for the railway line.

3. Construction Gauge and Rolling Stock Gauge

Construction Gauge and Rolling Stock Gauge shall be defined so that trains can run safely on the line
without confliction with wayside structures or other trains. However such gauges are not clearly
established in the rules or regulations.

In case of capacity expansion of Line 1 only construction gauge and rolling stock shall be designed not to
hit to construction gauge in any case of operation. Rolling Stock supplier has to confirm by drawing

12-66



kinematic envelope of rolling stock. Figure *.3.1 shows the construction gauge of Line 1 in tender
document and Figure *.3.2 shows kinematic envelop of third generation train submitted by rolling stock
manufacturer.

h : 4,6m in open line (recommended value)
h ¢ 5.8m in Light maintenance hall
h min, : 4.3m
h max, : 6,0m
106240,06h 1440
_ _ _ Contact wire level =
1550
RX700m: 1550+D1/DE
Extreme structural qauge Sqructure gauge
-
< 1650 =
S R<700m: 1650+D1/DE -
1370 1550
RC700m: 1370D1/DE | p¢100m: 1550+D1/DE
| |R<250m:15504D1/DE
= 1 670 670 1
A

Running surface
DI/DE : Vehicle”s overthrow in curve
DI (mm) : (inside overthrow of curve) 12600/R

DE (mm) : (outside overthrow of curve) 13500/R
R(m) : Radius of curve

Figure*.3.1 Construction Gaugeof Linel
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Figure*.3.2 Kinematic Envelop of Third Generation Train (at tangent track)

In Japanese railway rolling stock gauge is defined and rolling stock supplier shall confirm that every part

of rolling stock is within the rolling stock gauge at static condition.

It is simple and easier than drawing

kinematic envelope. Figure *.3.3 and Figure *.3.4 show the construction gauge of Japanese railway

applied for JR group.
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Applied for AC electrified section except contact wire and hanging device

Applied for tunnel, bridge, overbridge, show shelter and roof of platform
at AC electrified section except contact wire and hanging device

Applied for signals, markers, sign device and special tunnel and bridge
Applied for run-over type turnout
Applied for platform

Applied for fueling device, water supplying device and column of signal
at the section where only freight trains are operated and turntable,
weighing device, car washing facilities, entrance of inspection shed and
equipment for inspection at side track and column of roof for platform of
freight station

Figure*.3.3 Sructure Gauge of Japanese Railway
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Applied for sanding device, rail guard, brake shoe and other equipment
within the width of rim

Figure*.3.4 Rolling Sock Gauge of Japanese Railway

Figure *.3.5 shows combined figure with construction gauge, rolling stock gauge and body contour of
typical rolling stock. When the rolling stocks are constructed within the rolling stock gauge it is
guaranteed that rolling stock will not hit the structure gauge.
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Figure*.3.5 Construction Gauge and Rollins Sock Gauge of Japanese Railway

It is strongly recommended that rolling stock gauge is defined. It is not only for convenience for rolling
stock manufacturer but also it makes easier for engineers to confirm that rolling stocks are properly
assembled after maintenance work or modification. Figure *.3.6 indicates recommended rolling stock

gaugefor Line 1.
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Figure*.3.6 Recommended Rolling Sock Gauge for Line 1.

Combined figure with construction gauge, rolling stock gauge and contour of existing rolling stocks are
indicated in Figure *.3.7 Existing rolling stocks are al within the rolling stock gauge. Rolling stock
gauge are shifted and tiled in the figure to confirm it will not touch with construction gauge.

Thus if the rolling stock are constructed within the rolling stock gauge it can be confirmed that rolling
stock will not hit the structures without drawing kinematic envelope.
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Figure*.3.7 Construction Gauge and Rolling Sock Gauge Recommended for Line 1

4. Widening of Structure Gauge at Curvature

When train is on the curved track there is overthrow of car body end at outside of the curve and
overthrow of middle of the car body at inside of the curve. Construction gauge should be widened at
curve and in the construction gauge of Line 1 it is defined DI for inside and DE for outside.
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Figure*.4.1 Vehicle Overthrow at Curve

DI and DE can be calculated as follows.
Bogie Center is shifted to inside from track center.

Figure*.4.2 Overthrow of Bogie Center

Overthrow of bogie center is calculated by following formula.
d=R- VY R*— (Lo 2%
Where d: overthrow of bogie center (mm)
R: Radius of Curve (track center) (mm)
LO: Wheel base (mm)

Overthrow to inside is calculated by following formula.
DI =R-V{(R-d)?—(L. 23
Where DI: overthrow to inside (mm)

Ly distance between bogie center (mm)

12-74



L1

Figure*.4.3 Vehicle Overthrow to Inside of the Curve

To calculate overthrow to outside following formulais applied in general.
DE=V{(R-B/2-DI)?+ (L,/2)} —R—BJ/2

Where DE: Overthrow to outside (mm)
B: Body width (mm)
L, length of car body (mm)
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Figure*.4.4  Vehicle Overthrow to Outside

Thisformula can be applied for the rolling stock without articulation such as Line 2 rolling stock.

Overthrow to outside for the rolling stock with articulation is calculated as follows.
DE=V{(R=B/2-DI)?*+ (LJ/2+C)3 —R—-B/2
Where DE: Overthrow to outside (mm)

B: Body width (mm)

C longitudinal dimension from bogie center to the edge of the body (mm)
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Figure*.45 Overthrow to Outsidefor Articulated Vehicle

Construction gauge should be widened at curved section according to those val ues.

At first phase of Line 1 DI and DE are defined based on first generation train and value is give by graph.
Figure *.4.6 shows the graph to obtain the value of DI and DE. However to read the vaue from the
graph is not accurate.

In Phase 1 of the capacity expansion project overthrow of the body was ignored. Both L1 (distance
between bogie center) and B (body width) of rolling stock introduce in the project (second generation
train) was longer than first generation train. Actually second generation train hit the platform and
platforms of some stations were grinded.
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Figure*.4.6 Graph of Over Throw used in Initial Phase

Formula to calculate DI and DE is very complicated and graph is not accurate. Calculation of DI and DE
can be approximate into following formulato simplify the calculation.
DI =AJ/R
DE=A,/R
In the Phase 2 of Capacity Expansion Project following formulawas applied.
DI1=12600/Ry
DE=13500/Ry,
Where RM: radius of curvein meter (Ry=R/1000)
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Contractor of infrastructure should consider that border of side of the construction gauge must be shifted
to outside from track center depend of the curve radius.
Also rolling stock gauge can be widened at curved section.

5. Distance Between Track Centers

When the two tracks are constructed in parallel distance between track centers shall be considered so that
train can pass safely.  200mm is considered for rolling of the vehicle and 200mm is considered for safety
clearance and totally 600mm shall be considered between rolling stock gauges. In case of Line 1 3200mm
is the appropriate value for distance of track centers at tangent track.

At the curved track DI and DE mentioned in previous section shall be considered.

0

2001 1200

20
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i

20

00

T

_——=— —====

3200

Figure*.5.1 Distance Between Track Centers

6. Height of Contact Wire and Pantograph Working Height

When height of contact wireistoo high pantograph cannot touch thewire. When contact wire istoo low
there will be the risk of earth fault of electrification. Maximum height and minimum height shall be
specified and working range of pantograph height must cover these heights. When electric systemis DC
rolling stock will lower the pantograph in case of emergency. In that case there must be enough
clearance between contact wire and pantograph for arc extinction.
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Figure*.6.1 Height of Contact Wire and Pantograph Working Height

In Line Linitial phase heights of contact wire from top of rail is specified as follows.
Nominal (Regular) Height: 4600mm
Maximum Height: 6000mm
Minimum Height: 4300mm

Pantograph height of rolling stocks for Line 1 shall be specified as follows.
Pantograph working range:  less than 4300mm to more than 6000mm
Lock down height of pantograph: less than 4050mm

7. Horizontal Curve

In the main line bigger curve radius is more preferable so that train will not reduce the speed and ride
guality is better. In the depot operating speed is slow and there are no passengers inside the train curve
radius can be much smaller. Minimum radius of the curve shall be defined in the main line and in the
depot individually and rolling stocks shall be designed to pass the minimum radius of the curve in depot.
In Line 1 minimum radius of curve is defined 100m in main line and 25m in the depot.

Rolling stocks of Line 1 isrequired to have the capability to pass 25m radius curve without problem.

8. Horizontal Curveat Station

It is preferable that track along the platform is tangent because driver can view the side of entire train to
secure the safety and gap between platform and door edge is minimized.

When atrain is at the station in curved section and platform is outside of curve middle of train body will
overthrow to inside and platform edge is shifted to out side because of widening of construction gauge.
There will be big gap between platform and vehicle body. Also when platform isinside of the curve end
of vehicle body will overthrow to inside of the curve and platform edge is shifted to outside.
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Figure*.8.1 Gap Between Vehicle Body and Platform at Curve

In the structure gauge of Line 1 distance between platform edge and track center is defined as 1370mm at
tangent track. At curved section 1370mm-+DI/DE is applied when curve radius is less than 700m and
grater than 250m. That means minimum curve radius should be 250mm. At tangent track gap between
door edge and platform is 75mm (2™ generation and 3" generation train) and when at 250m radius track
approximately 100mm bigger than the gap at tangent track. Much smaller curve at station shall not be
allowed by safety reason.

9. Cant or Super Elevation

Outer rail of the curve shall be raised to cancel the centrifugal force of the train running on the curve.
Value of super elevation is calculated by track gauge, curve radius and train speed.

When train is on the curved track and resultant force or centrifugal force and gravity is perpendicularly to
the vehicle floor passengers will not feel centrifugal force. In such condition following equality holds.
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céntrifugal force

gravity force

Figure*.9.1 Balancing Cant

Mxgxtanf= Mx v %/ R
Where
M: mass of rolling stock (kg)
v: trainspeed (M/s’) v =V(km/h), 3.6
R: radius of curve (m)
While 0is small tanfcan be calculated as follows
tand = sind=C/G
Where
G: track gauge (mm)
C,.  baancing cant (super elevation) (mm)
Therefore balancing cant can be calculated as follows
Cp=Gxgxv?R
Substituting following equation cant can be obtained below.
0=9.8(m/s)
v =V (km/h), 3.6
Cp =GxV?,/(127%R)

However train speed is not constant and sometimes train will stop on the curve.  Super elevation shall be
limited so that train can stand still safely on the curve and passenger will not feel uncomfortable in the
train when train stops on the curve. Maximum super elevation can be defined that gravity center
deviation of therolling stock will not exceed one-sixth of track gauge from center of track.

12-82



Center of gravity of the
rolling stock

Max, Cant

Figure*.9.2 Maximum Cant

Maximum cant can be obtained by following formula.
Cra=G,/ 6xG,/H=G?/ (6xH)
Where
Chax: Maximum cant (mm)
G: track gauge (mm)
H: height of gravity center or rolling stock (mm)
Gravity center height of rolling stock is depend on the design of rolling stock. Usually it is about 1.3m
to 1.4m from top of rail at tare condition but it will be higher at |oaded condition.
In Line 1 maximum super elevation is defined 150mm.

As cant is limited above reason train cannot run fast at the section where cant is already maximum value.
However small excess of speed can be allowed so that train can run faster. Allowable cant deficiency is
defined and limited speed at curved section is calculated based on it.
Allowable cant deficiency should be determined in consideration of rollover outward of the curve by
beam wind and passengers riding comfort, etc.
Limited speed at curved track can be calculated by following formula.
V <(127%(C+ Cy) / G)

Where

V  :Train speed (km/h)

R : Radiusof curve (m)

Cn :Actua cant (mm)

Cq : Cant deficiency (mm)

G : Gauge (mm)

10. Transition Curve

When curved track connected with tangent track directly centrifugal force appears immediately into full
range when train is running from tangent track to curved track and it will make ride comfort worse.  Also
cant cannot be applied appropriately of its required value. On main tracks, al curves (except those in
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turnouts and those with a large radius) are connected to straight section through transition curves so that it
will provide better ride quality and super elevation can be changed gradually within the transition curve.
In the transition curve the radiusis inversely proportional to the distance aong the curve.

curved track transition curve

transition curve

tangent track

Fig*.10.1 Transition Curve

transition curve

elevation

Fig *.10.2 Transtion Curveand Super Elevation

The commonly-used shape of transition curve on railway is “clothoid curve’, “cubic parabola curve’, and
“sign half wavelength curve’.
The length of transition curves may be determined in one of three methods. The method which indicates
the greatest length shall be used.
The transition curve shall aso be where the cant is developed, in order to combine the effect of the
increasing curvature with the increasing cant.
The following formulas are shown as reference for design.
1) Length to avoid derailments by cant-over (L,)
L, =400xC, / 1000 (m)
2) Length which be derived from the comfort for passengers to which the speed of increasing cant
acts (Lo)
L,=V /3.6XCy/ Cpo (M)
3) Length which be derived from the comfort for passengers to which the increasing centrifugal
force acts (L)
L3=V / 3.6%(Cyxq) / (GXP,) (m)
Where,
V' Maximum speed in the curve (km/h)
Cn : Cant (mm)
Cmo : Limit speed of increasing cant (mm/sec) (for example 29~35 mm/sec)
Cy : Maximum cant deficiency (mm)
g : Gravitational acceleration
G : Gauge (mm)
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P, :Limitgof increasing centrifugal force (g/sec) (for example 0.03~0.04 g/sec)

11. Gradient

Considering the smooth train operation gradient of the line is the smaler the better. However steep
slope is often required because of landscape or grade separation with other traffic mode. When gradeis
too high train will be stocked on the slope. Maximum gradient shall be determined by the train
performance.

When a train becomes defective on the slope it will be rescued by other train.  Train shall be capable to
push other train at maximum gradient. When it is main line defective train is possibly full loaded.
When it is side track such as connecting line of depot to main line train are supposed to be empty
therefore maximum gradient at side track can be higher than main line.

In Line 1 maximum gradient at existing line is 2.5 % for main line and 4% for connecting line. It is
recommended to define these values as maximum gradient for Line 1 because performances of rolling
stocks are only verified with these values. However 2.5% is rather low for urban railway and when
there is necessity to construct higher gradient due to land condition performances of rolling stock shall be
recalculated to confirm that rolling stocks is capable to climb higher gradient.

When there is curve in gradient train resistance in curve shall be added to determine the maximum
gradient. Equivalent grade in curveis calculated by following formula

Ge=800,"R (standard gauge)

Ge=600,"R (1,067mm)
Where

Ge: Equivaent grade (%o)

R: radiusof curve (m)
For example defined maximum gradient is 4% (=40%o) and curve radius is 400m, 800,400=2(%o.) shall
be added to gradient as equivalent grade. Therefore 3.8% is the maximum gradient of this section.

12. Platform Height and Floor Height

Difference of platform height and floor height of the train should be minimized to enable smooth
transition from platform to train.

In Line 1 platform height is 690mm from top of rail and floor height of the train is 900mm for first
generation train and 920mm for second generation and third generation train. Height difference is little
bit big because platform height is limited by plug door of first generation train.

When doors of first generation train open door leaves

swing out above the platform. Platform height is

maintained lower so that door leaves will not hit the

platform.

Second generation train and third generation train

apply slide door and there a no issue of confliction of

door leaves and platform. Currently difference of

height for second and third generation trains are

230mm and it should not be bigger. Floor height of

rolling stock shall be maintained 920mm in

maximum.

Figure *.12.1 Plug Door of First Generation
Train

13. Height of coupler
In emergency case train will be towed or pushed by other train by coupling together. When height is
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different it will be difficult to couple or connected incline. It will make vertical component at coupler
and this might cause the vertical buckling of the train. Coupler height shall be same with two trains and
it shall beidentical in the sameline.

In Line 1 train coupler is not installed at front end however bracket and pin for towing bar is installed.
Towing bar can be attach to the end of car easily even the height of other car is different and towing bar
has enough length so that vertical component will not grow high therefore height of bracket may not
severely controlled.

14. Height of Anti-climber

In case of callision of the train damage is minimized when under frame hit the under frame of other train
because this is the most strong part in the rolling stock structure. However when one body rise higher
than other body and it will sometimes happen at the shock of collision car body will make damage on

other car.
X
underframe /V ”

2>
Figure*.14.1  Callision without Anti-Climber

Anti-climber is installed at end car of Line 1 and Line 2. Role of anti-climber is to engage with
anti-climber of other the car in case of collision so that car will not climb on the other car to minimize the
damage. Therefore height of anti-climber shall be identical.

2> <X

Anti-climber

AN TR ZEN
Figure*.14.2  Collision with Anti-Climber

Anti-Climber Bracket for Tow Bar Anti-Climber Coupler

Line1 Train (3" Generation) Line2 Train
Figure*.14.3 Coupler and Aiti-Climber
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Height of anti-climber of current vehiclein Line 1 is 750mm.

14. Distance Between Bogie Center

Formula to calculate widening of structure gauge is based on the dimension of rolling stock. When
increasing the distance of bogie center it will increase overthrow to inside and when decreasing of
distance of bogie center it will increase overthrow to outside. Overthrow to outside can be limited by
cutting the body however overthrow to inside cannot be avoided unless reducing the width of body and it
dose not make sense. In case of Line 1 calculation of overthrow to inside is under condition of 10m for
distance between bogie center that is dimension for 2™ generation and 3 generation trains.  Maximum
distance between bogie centers shall be defined to keep clearance with structure at curved section.

15. Maximum Speed and Deceleration

In recent railway system trains are secured to operate safely by onboard signaling system such as ATP.
Function of ATP is to stop the train before stop signal by emergency brake when driver overlook the
signal. Location to apply the brake is calculated from train speed and deceleration.  Function of ATPis
programmed based on train performance such as train speed and deceleration.  Also tracks are designed
based on maximum speed. Maximum speed and minimum deceleration at emergency brake shall be
defined.

16. Train Load

Maximum axle load can be calculated by adding passenger weight to the axle load at tare condition of
rolling stock that was calculated or measured by rolling stock manufacturer.  Following figure indicate
the axle load and loading point of Line 1 trains.

1st Generation Train \ (

(@) O O O O
1,900 4,900 1,800 5,700 1,800 4,900 1,900 3,550
P e————> — > < > >
ot o 9 Bt ol & o & &
2nd Generation Train \ (
C D C C O
2,310 7,690 2,310 7,690 2,310 4,190
id7t 107t 107t 107t 107t 107t 16L.7t
3rd Generation Train \ (
O ) C O
T,900 8.100 1,900 8.100 1,900 4,600
103t 103t 103t 103t 10% 103t 1C‘L3t

Figure*.16.1 Load Caseof Linel1 Trains
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Civil structure and tracks shall be constructed to withstand the loading condition of those rolling stocks.

In Line 1 while at initial phase loading condition to consider is only 1¥ generation train. Axle load of 2™
generation train is almost 20% higher than first generation train. Therefore it accelerated the
deterioration of the track. Currently train speed of Line 1 is restricted because of track condition except
north extension.

Normally structures are designed and constructed based on the loading condition of rolling stocks those
supposed to run on the tracks. Also maximum axle load of rolling stock shall be defined. It is
preferable to have margin between the axle load to consider for civil structure and maximum axle load for
rolling stock. It is recommended to define axle load to consider for civil structure is 11t and maximum
axleload of rolling stock is 10.5t.

17. Facilitiesfor Underground Railway
Currently there are no underground railways in the Philippines except short section in Line 3.
Several facilities are required for the underground railway to secure the safety.
(Ventilation)
Air and smoke ventilation equi pments should be equipped at underground stations.
Smoke barrier should be installed between platforms and tracks and at staircases and or escalators at
stations.
In case temperature at underground stationsis raised, air conditioning facilities should be equipped.

(Water)

Water supply and drainage facilities should be equipped.

Water supply is used for drinking water for passengers and station staff and fire fighting.

Sewage should be treated according to the sewage treatment standard of municipalities.

In tunnels and at stations in underground sections, Drain pump is installed appropriate for the track
gradient.

(Flood)

Cut-off panels of flooded water should be installed at the entry and exit of underground stations and
tunnels.

Iron cut-off doors should be installed at the entrance of tunnels if needed.

(Power)

Power supply system is duplicated to prevent all shutdown of power supply.

Power supply is used for emergency lighting system, automatic fire extinguishing system, fire
prevention system, evacuation guidance for passengers, Air and smoke ventilation equipment, public
address system, signal/telecommunication system, iron cut-off doors and drainage pumps, €etc.
Emergency power generator should be equipped at underground stationsif needed.

(Fire Prevention)

In principle, underground structures should be built with non-combustible materials.

Fire prevention control center should be provided at stations in order to monitor and control fire
prevention facilities.

The following facilities should be provided at stations.

Fire detection system, evacuation guidance system, two or more evacuation routes and emergency
lighting system and fire prevention doors

Fire fighting facilities such as extinguishers, indoor fire hydrants, sprinklers, water pumping pipes for
fire department, etc. should be equipped at underground stations.
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18. Rolling Stock for Underground Railway

In Japanese railway passenger cars shall be connected with gangway so that passengers can move from
car to other car. It is not for passengers convenience but also in case of emergency such as fire in the
train passengers can escape from the car. It is mandatory for the trains running on underground railway or
long tunnel to be connected all the passenger cars with gangway. In case of firein the tunnel driver should
not stop the train but should drive the train to safety place such as outside of the tunnel or station so that
passengers can evacuate from side door. I driver stops the train in the tunnel there will be much risk for
the passengers breathing the smoke to die.  When train with fire is running in the tunnel passengers will
escape from the car in the fire to the other car by passing gangway.

In Line 1 trains and Line 3 there are gangways at articulation section however it is impossible to install
gangway between two cars because there are sharp curves in the depot.  When train passes sharp curve
especially at the connection point of tangent track with sharp curve declination of body center of adjacent
car isvery big and if gangway isinstalled bellows of gangway will be broken.

When the Line 1 or Lin 3 is extended underground railway or long tunnel should not be planned
otherwise trains shall be replaced or modified with the cars fully connected with gangway.
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12.3 Recommendation for a Harmonious Network of Railway in the Philippines
1. Genera

Generally speaking railway is safe, punctual, low energy consumption and environmental friendly
compare with other traffic mode. It is recommended that urban transportation should be shifted to
railway otherwise road will be much congested and air pollution cannot be mitigated. A harmonious
network of railway is required to promote the railway transportation.

2. Interoperability with Other Line
(1) Compatibility of Railway System

It isimportant to consider convenience of passengers for creating railway network in Metro Manila.  Itis
preferable that stations to connect with other railway line are close together and it will be better that
passenger can change the train at the same platform without walking far. More preferable thing is trains
can provide through operation with other line and passengers do not need changing the train.

To provide through operation systems of both lines shall be compatible.

Currently there are 4 railway systems in the Philippines Line 1, Line 2, Line 3 and PNR. Those can be
classified to 3 groups.

Linel,Line3: Standard gauge(1435mm), DC 750V electrified, Light Rail
Line2: Standard gauge(1435mm), DC 1500V electrified, Heavy Rail
PNR: Narrow gauge (1067mm), non electrification, Heavy Rail

When constructing new railway it should be able to belong to one of 3 groups so that there will be the
possibility of through operation. Even stations are not connected to other line and through operation is
not provided at first time there will be the possibility that line will be extend to connect to other line or
another line will be constructed and will be connected to the line.

(2) Technical considerations for through operation

To provide through operation there are still many items to consider. Following items are technical
considered for through operation.
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Table 12.3-1 Technical Consideration for Through Operation

Category Item Criteria
Dimensions | Track gauge Identical
Whesel profile Compatible with rail including turnout
Rolling stock gauge (or No confliction
kinematic envel ope of
rolling stock) and
construction gauge
Door and platform There shall be no big gap with platform.
There shall be no big difference with car
floor and platform.
Pantograph working height | Pantograph working height shall cover
and contact wire height the range of contact wire height
Performance | Maximum speed Same or adjustable
Emergency brake Same or adjustable
deceleration
Curveradius Rolling stock can pass the minimum
radius curve on the line
Gradient Trains have capability to start at
maximum gradient on the line.
Trains have capability to tow/push down
train at maximum gradient in emergency
case.
Train load Train load Tracks and structures are capable of train
at clash load.
Subsystems | Power supply voltage Working voltage of rolling stock shall
cover the voltage range of power supply
Capacity of substation Total consumption of power will not
exceed the capacity of substation
Peak current of train shall not exceed the
current limiter of substation
Signaling system Interface between onboard system and
wayside system shall be compatible.
Telecommunication system | Onboard system shall be compatible with
wayside system.

When trains are stabled or inspected in the depot of other line, compatibility of depot facilities shall be
confirmed.

(3) Signaling System Issue

Signaling system is always the problem for through operation. In conventional signaling system
equipment of the system is only wayside signa lamps and control boxes for them and there are no on
board equipment. Trains are controlled manually by the driver who watches the wayside signal. In
modernized railway onboard equipment is installed on the train to avoid the collision even driver violates
the signal so called ATP. Onboard equipment exchanges data with wayside signaling equipment with
particular protocol and deferent type of onboard and wayside equipment will not work.

In the railways of the Philippines ATPis applied in Line 1, Line 2 and Line 3 but each system is different
and have no compatibility with other lines.

When there are two lines with different signaling system and providing through operation there are some
options to prove this problem also there are two cases for through operation.
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Casel is trains of one line to provide through operation, trains of other line run only there own
Case2 istrains of both lines to provide through operation.
Options for each case are indicated in the tables below.

Table 12.3-2 Measuresfor Through Operation for Case 1

line.

Before It is not possible to conduct through operation
Through On-board signaling LineA «— | —» LineB  on-boad signaling
. equipment of type A equipment of type B
Operation
L]
Q0 Q0 00 Q0
]
wayside signaling wayside signaling
equipment of type A equipment of type B
Option 1 change the signaling system of one line to same as other line
On-board signaling LineA ¢ ; Change the on-board
equipment of type A » LineB signaling equipment to
N Vi
Q0 Q0 00 Q0
Wayside signaling change the wayside signaling
equipment of type A equipment to type A
Option2 | install 2 types of wayside signaling systemin oneline
on-board signaling LineA < » LineB On-board signaling
equipment of type A equipment of type B
\ /
00 00 00 00
Wayside signaling
equipment of type A v ~
Wayside signaling Wa)_/s designaling
equipment of type A equipment of type B
Option 3 install 2 types of on-board signaling system on the trains of oneline
LineA <+ — » LineB
On-board signaling On-board signaling On-board signaling
equipment of type A equipment of type B equipment of type B
[ ] é
00 Q0 00 Q0
Wayside signaling :l
equipment of type A Wayside signaling
equipment of type B
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Table 12.3-3 M easures for Through Operation for Case 2

On-board signaling

LineA <«—

On-board signaling

provide 2 types of on-board signaling system on the train

—» LineB

On-board signaling

Before It is not possible to conduct through operation
On-board signaling LineA | LineB On-board signaling
Through equipment of type A equipment of type B
Operation \ /
L4
]
Q0 Q0 00 Q0
]
Wayside signaling wayside signaling
equipment of type A equipment of type B
Option 1 change the signaling system with one type in entire line
on-board signaling LineA ¢ : Change the on-board
equipment of type A LineB signaling equipment to
\ / typeA
00 Q0 < 00 Q0
Wayside signaling
uipment of type A
P ype Change the wayside signaling
equipment to type A
Option 2 install 2 types of wayside signaling system in both lines
On-board signaling i < » LineB On-board signaling
equipment of type A LineA equipment of type B
00 00 < 00 00
]
/v '\
Wayside signaling Wayside signaling et s
uipment of type A ; Wayside signaling Wa)_/sdesgnalmg
equip yp! equipment of type B equipment of type A equipment of type B
Option 3

On-board signaling

equipment of type A equipment of type B equipment of type A 7‘“ pment of type B
\< / \i ¥
] p [ ]
Q0 Q0 Q0 Q0
Wa)_/side signaling Wayside signaling
equipment of type A equipment of type B
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In case 1 option 3 will be better than other options and in case 2 option 1 will be better in general
however it depends on the condition of rolling stocks and signaling systems.

(4) Procedurefor Through Operation

Rolling stock owner shall submit necessary data of rolling stock to the operator of the line where the
rolling stock is planned to operate.

Operator shall confirm data of rolling stock data that rolling stock is comfort to the criteria for operating
theline.

Items for confirm are as follows.

a.  Roalling stock iswithin the construction gauge of the line at any condition.

b. Track gauge is same and wheel profile is compatible with the track to run safely

c. Floor height and gap between door edge and platform is appropriate for passengers to get on and
to get off safely

d. Voltage range of therolling stock is compatible with the voltage range of the line

e. Working range of pantograph height covers minimum and maximum height of contact wire

f.  Onboard equipment of signaling system and telecommunication system are compatible with the
line

(5) Other Consideration for Through Operation

Besides the technical matter described above following items shall be solved before providing through
operation.

A. Train Driver which driver operates the train (track owner or train owner)
Common ticketing system

How to share the revenue

Operation Control

Procedure for Emergency Case

Rolling stock rental fee

Operation planning (how to make train schedule)

Responsibility in case of accident

Training for operational personnel

TIOTMUOW

3. Interconnectivity with Other Line
(1) Station L ocation

To stimulate the use of mass transit it is necessary to minimize the obstruction. EXisting railway
network there are some stations to exchanging train to other line.

Line 1l EDSA —Line 3 Taft
Line 2 Alaneta Cener — Line 3 Cubao
Line 1 Doroteo Jose — Line 2 Recto

Figure 12.3-1 to Figure 12.3-3 indicate satellite image of interconnecting stations in Metro Manila urban
railways.
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Line 1 EDSA station

N\

Line 3 Taft station

Figure 12.3-1 Interconnection with Linel and Line 3

Line 2 Araneta Center station

/

Line 3 Cubao station

Figure 12.3-2 Interconnection with Line2 and Line 3
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Line 1 Doroteo Jose station

Line 2 Recto station

Figure 12.3-3 Interconnection with Line1 and Line 2

Location of the station is not good at the point of view for convenience of transfer. At first moment
there are no designated paths for transfer.  Paths were constructed later for passengers to transfer without
suffering the rain or sun however passengers have to walk long way.

Passengers have to pass alot of obstacles until transferring the train.
Following items are considered as obstacle for interconnection of the station.

Approach between two stations
Security check

Ticket counter

Ticket gate

Stairs

Figure 4 indicates the passenger flow to transfer thetrain. Each circle is supped to be the obstacle.
It will take alot of time and effort for passengersto transfer the train.
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Sation A Sation B

Platform Concourse
Train Stailrs

Stairs Concourse Stairs| Platfofm
Train

_,CSD.(G G>_<s[>_

@ Stairs @ Ticket Gate @ Path @ Ticket Counter @ Security Check

Figure 12.3-4 Passenger Flow to Transfer the Train

Figure 12.3-5 shows the example of interconnecting station in Japan.

Figure 12.3-5 Example of I nterconnecting Sation in Japan
(Tsuruhashi Sation of JR West and Kintetsu)

Two stations of different operator are constructed in same place. There are transfer gate at the side of
upper platform and there are stares connected to lower platform. When passenger get off from train of
upper level will pass the gate and go down the stares it is already the platform of lower level.

It is recommended to construct interconnecting station as near as possible with other line.

Following figure indicates passenger flow of transferring the train at this station. Compare to figure 4 it
isvery simple and passenger can transfer the train easily and immediately.
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Sation A Sation B

Platform Concourse Platform

Train Train

- G
Fasserjgers who have season ticket or common ticket

(St) Stairs @ Ticket Gate @ Ticket Counter

Figure 12.3-6 Passenger Flow to Transfer the Train

It is preferable to reduce the number of obstacles however it is difficult to reduce the number when station
location isfar from other line. Followings are measuresto lower the level of obstacles.

(2) Ticketing Counter

There are always long lines at ticketing counter. It is because most of the passengers buy the ticket every
time they ride on the train even railway operator provide stored value ticket.

-

Figure 12.3-7 Lines of Passenger s Before Ticket Counter (Line 3 Taft Sation)

In Japan advantage of season ticket is about 50% discount when using railway with one roundtrip every
day and much more discount for season ticket for students. Therefore almost every workers and students
has season ticket and it can prevent the congestion of ticket counter at peak hour.

Advantage of current stored value ticket is for the last ride. Ticked is valid for one more ride even if the
remaining balance is less than minimum fare. When the fare of last ride is same as balance there are no
advantage. It isnot very attractive for the passengers.

It is recommended to give more advantage for the passengers and it will not only mitigate the congestion
at ticket counter but also it will increase the ridership of thetrain.

Another solution for mitigate the congestion at ticket counter is to provide ticket vending machine.
Figure 8 indicates ticket vending machine in Japan.
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Figure 12.3-8 Ticket Vending Machinein Japan
(3) Ticket Gate
Currently bottle neck of passenger flow in station is ticket counter therefore long line before the ticket

gate is not happen. However in case that there are not much space for ticket gate there is possibility that
long line will occur before the ticket gate.

Figure 12.3-9 Ticket Gate (Line 3 Taft Station)

Ticket gate commonly used in the Philippines is rotating bar type. Passenger has to stop before the gate
and insert the ticket and push the bar to pass the gate.

In Japan frap door type ticket gate is commonly used. Passenger inserts the ticket and machine will accept
the ticket any direction or any side is up. Frap door keeps open unless passenger tries to pass without
ticket or with wrong ticket or there is long interval after last passenger passed. Processing speed of frap
door type is approximately twice as much as that of rotating bar type.

Currently ticket media is changing to smart card and passenger does not need to insert the ticket into the
machine but just put the ticket over the sensor of the machine that is either in the case such as wallet or
not. Passenger can pass the gate without stopping.

Figure 12.3-10 indicates ticket gate in Japan.
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Figure 12.3-10 Ticket Gate in Japanese Railway

4. Interconnect with Other Transportation Mode

Railway shall not compete with other transportation modes but get together with others. Railway service
is provided only from station to station. Usually distance of station is longer than other traffic mode.
Station to the destination shall be covered with other traffic mode those are bus, taxi, jeepney, tricle or
private cars as feeder service. Station location and circumstances shall be convenient for transferring
other transportation mode. When constructing new line it is recommended to select the station location
near the terminal of other transportation mode or constructing terminal of other transportation together to
make transportation hub.

Currently car park of shopping mall in Magallanes is already full in the morning because peoples from
South Luzon Highway park the car and ride the train.  When there is car park near the station it will
promote the people to use the railway and mitigate the road congestion in city center. When car park is
operated by railway operator parking fee will become additional income for the operator.

5. Conclusion

To provide harmonious network of railway in the Philippines following matters are recommended.

standardize the railway system to prepare for through operation
plan the interconnecting to provide easy transfer for passengers
modernize the station facilities to utilize smooth passenger flow
promote prepaid ticked to mitigate the congestion at ticket counter
plan the station to combine with other transportation mode

IS A
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CHAPTER 13 SUMMARY OF FINDINGS
This chapter summarizes the major findings of this study.
13.1 Ridership

For this study ‘preliminary’ patronage demand estimate were based on previous studies and relevant
existing data. These demand estimates have been further studied and revised, based on the analysis of
most recent (up to July 2012) LRTA data of the existing Line-1. Additionally the forecast patronage has
been updated based on the traffic and passenger interview surveys conducted in June and July 2012, to
confirm the underlying assumptions and reasonableness of the forecast patronage. This section
summarizes the patronage demand estimate for the whole of Line-1, for the next 30 years.

A comparison between previous studies and the latest JCA estimations was done, and the results are
illustrated in Figure 13.1-1. It shows that the earlier estimates made by Halcrow had produced a low
demand forecast, while the recent |CF forecast show almost an exponential growth in demand irrespective
of the Line-1 capacity constraints. Our estimate has been checked against possible line capacity, and is
prudent.

Figure 13.1-1 Aver age Weekday Patronage Forecast by JICA & Others

The average weekday demand forecast prepared by the study team has been discussed and presented in
Section 2.3.1. The annual patronage demand used for the revenue estimates has been derived by
applying the annual factor to the average weekday demand. The annual demand has been summarized
below in Table 13.1-1. Detailed daily and peak passenger demand by station and peak line loading for
each of the forecast yearsis given in Appendix-C of this report.
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Table 13.1-1 Summary of Patronage Forecast for Line-1

Line-1 Extension to Niyog - Forecast of Passenger and Other Attributes
Description Unit | 2012 | 2015 | 2016 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045
Average Week Day Boarding (Without Extension) Pax 492,700 | 525,500 | 528,600 | 561,100 | 586,800 | 604,600 | 618,300 627,600 633,500

Increase in Daily Patronage (Av. Week Day) Pax - 125,200 | 222,000 | 270,100 | 313,100 | 345,700 | 372,400 391,400 406,300

Total Patronage with Extension (Av. Week Day) Pax 492,700 | 650,700 | 750,600 | 831,200 | 899,900 | 950,300 | 990,700 | 1,019,000 | 1,039,800

AM Peak Hour (0700-0800) Boarding Southbound Pax/Hr 24,200 | 29,700 | 32,900 | 36,100 | 38,700 | 40,600 | 42,200 43,200 44,000

AM Peak Hour (0700-0800) Boarding Northbound Pax/Hr 13,300 | 19,700 | 24,100 | 27,200 | 29,700 | 31,700 | 33,200 34,300 35,100

Total AM Peak Hour Boarding Both Direction Pax/Hr 37,400 | 49,400 | 57,100 | 63,200 | 68,500 | 72,300 | 75,400 77,500 79,100
AM-Peak Hour Boarings as %of Daily Boardings Ratio 7.59%| 7.59%| 7.60%| 7.61%| 7.61%| 7.61%| 7.61% 7.61% 7.61%
Maximum Station Boarding (AM-Peak Hour) Pax/Hr 7,700 9,100 9,800 | 10,600 | 11,300 | 11,800 | 12,200 12,400 12,600
Maximum Station Alighting (AM-Peak Hour) Pax/Hr 4,700 5600| 6,000| 6,500 6,900] 7,200]| 7500 7,600 7,700
Pax/Hr/Per Direction (AM-PK Hr 0700~0800) PPHPD | 19,700 | 23,800 | 26,000 | 28,400 | 30,500 | 32,000 | 33,100 | 33,900| 34,500
Average Week Day Trip Length km 7.65 9.64 10.72 11.00 11.22 11.37 11.48 11.56 11.62

Annual Factor Days 330 330 330 330 330 330 330 330 330

Annual Passenger Pax million| 162.59 | 214.73 | 247.70 | 274.30 | 296.97 | 313.60 | 326.93 336.27 343.13

Annual Passenger*km million*km| 1,243.7 | 2,070.0 | 2,655.3 | 3,017.3 | 3,332.0 | 3,565.6 | 3,753.2| 3,887.3 | 3,987.2

Extending Line-1 to the south would add ten stations to the existing twenty stations. The exiting Line-1
will be extended by about 12km, increasing its immediate catchment area by more than 60%. The
proposed ten stations would be located mostly on brown-field sites, and the surrounding areas are also
empty or agriculture land. However, major developments are anticipated in and around the proposed
station sites in early years, and further developments in the region as population grows. In addition, the
three proposed multi-modal terminals at: Dr. Santos, Zapote, and Niyog would attract passengers from
existing road based transport modes, and would aso attract suburban commuters from surrounding areas
through feeder services.

It is anticipated that this would add about 220,000 (+40%) daily passengers to the existing Line-1
patronage after the ‘full’ opening of Line-1 by 2016. This estimated patronage increase may appear to be
‘high’, but given the travel time savings passengers from the south would benefit from is substantial,
when compared to the travel times on the congested coastal roads from the south, as shown above in
section on survey data. It should also be noted that currently over 123,000 Pax use Line-1 and MRT-3
from Baclaran, EDSA and Taft as estimated from the current passenger surveys. Therefore, the estimated
demand in four years with additional catchment area of 12km, is not excessive at al, if the stations are
accessible, well planned, mode-change at stations, mainly at the proposed 3 multi-modal terminals is
convenient, and most of all Line-1 current capacity is enhanced for the added comfort of the longer
distance travellers.

It is estimated that the patronage would continue to grow as the areas along the Line-1 extension
alignment would develop further over time, with increase in population beyond the full opening year of
2016. The development potential in the south is considerable, due to availability of land for high density
development. The patronage would also benefit from the integration of Line-1 into the areas south of
Metro Manila and extension into Cavite province through feeder services. Further integration of Line-1
with the Metro Manila mass transit network by running through services between Lines 1 & 3; providing
convenient transfer to/ from other LRT/MRT lines; and integrated public transport e-ticketing system
would further add to the Line-1 patronage.
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13.2 Route Review
1) Location of Redemptorist station

Initially, the Redemptorist Station had been planned before Baclaran Redemptorist Church to face Roxas
Boulevard as per the drawings collection of LAVALIN. However, further modification moved it
southbound before the district Boulevard 2000 Development, or about 600m from the initial position
according to information from LRTA. The original position of the station was proximity 500 mts. from
Baclaran station, but around 2km from next station, MIA Station, hence the balance of the distance
between the stations was not suitable.

In addition, a commercia building has already been constructed at new location, and land development at
the new proposed location is ahead than the original location. Thus, it is considered that the change of the
station location is reasonable.

2) Route near Parafaque River
According to the original route plan of LAVALIN, the alignment between Ninoy Aquino stations and the
Asia World station would pass through the central part of the Parafiaque River. Generaly, as for bridge

pier construction, since it is deep water and the central part of the river has the quick flow velocity, it is
desirable to avoid the central part of ariver. The reasons are shown below:

e Scouring occurs near the basic part of abridge pier built in underwater.
e Thecollision power of flotsam is large at the time of aflood.
e A work burden is heavy at the time of construction of a bridge pier.

Thus, it is desirable to avoid the above-mentioned problem if possible here by changing a route into the
north-side slippage in ariver.

3) Location of Niyog station

In the drawings collection of LAVALIN for Cavite extension, the Niyog station was planned at the
western side of the Molino Boulevard.  Since the bus termina will be located at the east side of Molino
Boulevard, it was necessary to move it eastward to the center of the road (Molino Boulevard) to be side
by side with the bus station to facilitate convenience to passengers. This change was done by LRTA.

4) Location of Depot

According to the original route plan of Lavalin, the satellite depot was planned at the sea side (west) of
the main line. However, due to the negative impact of sea salt air on the vehicles, the satellite depot
would be eventually planned at the mountain side (east) of the main line.

Therefore, as for a Satellite base, it is desirable to build at the west side of the main line based on the site
information on LRTA.

13.3 Operation Plan
1) Operation Schemes

Currently north terminal is Roosevelt station but it is planned to extend to Common Station.  Following
table indicates the operation pattern of each phase, pattern, and case.
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Table 13.3-1 Operation Patter ns of Each Phase

Cases Headway Operation pattern
Opening of | Phasel fg;:; O O
South Roosevelt Dr. Santos
Extension O O
Phase?2 | 2.5min i
Common station Niyog
, O O
Future 2min Common station Niyog

Currently track of north extension is physically connected to Line 3 but train operation is limited to
Roosevelt station. However, this station was not designed to be a terminal station, and its turn back
facilities only allow aminimal headway of 3 minutes. It is planned to provide Common Station between
Roosevelt and North Avenue so that trains of both line will come to Common Station and passengers can
easily transfer from one line to the other, and vice versa.

2) Operation at North Terminal
At initial stage Roosevelt station will be the north terminal. The train will go about 700 m to east after

evacuating the passengers at the station to turn back.  This station and the track layout were not designed
for terminal station, and severe limitation of shorter headways is present for this station.

to south €+— | |

AN

Roosevelt station

Figure 13.3-2 Track Layout of North terminal (Roosevelt)

Considering the through operation and frequency, the recommended track layout of the Common Station
is indicated in figure below. There is no enough space for constructing pocket tracks for stabling but
siding track is extended so that one train can be stabled.

to south +—
Line 3 Platform \ \to‘Line 3

ANEEAN N\

\ Line 1 Platform | \

Common station

Figure 13-3-3 Recommended Track Layout of North terminal (Common Station)
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3) Fleet Requirement

Required number of trains is assumed by counting the line in train diagram. Based on the number of
trains shown in Table 13.3-2, future train procurement plan are indicated as follows. A total of 30 trains
are required to be procured at the opening of south extension.

Table 13.3-2 Ralling Stock Procurement Plan

Units: Train sets

Opening of South Extension Future
Phasel Phase2 Phasel Phase2

Year 2015(2/4) 2016 2025 2035
1% Generation Train 16 (16 \
2" Generation Train 3 \3/
3 Generation Train 12 0 X% 12 12
4" Gen [ 1% batch 8 8 L
Train 2" batch 22 \ 30 30
5" Generation Train 20 20
6™ Generation Train 15
Tota 39 61 62 77
Required number of trains 39 61 62 77

Source: Sudy Team
13.4 Depot Plan

1) Existing Baclaran depot expansion plan

Depot expansion plan of existing Baclaran depot is shown as below:

¢ No. of stabling tracks: 13 tracks (1 train set /each track)

¢ No. of light maintenance tracks: 2 tracks (in light maintenance shed)

¢ No. of unscheduled inspection tracks: 1 track (in light maintenance shed)

¢ No. of heavy maintenance tracks: 2 tracks ( in heavy maintenance workshop for 1 train set)
¢ No. of wheel re-profiling tracks: 1 track (with wheel re-profiling shed)

e Buildings and facilities:

Administration building for LRTA
OCC building

Substation

Waste water treatment plant
Material storage

Motor pool

VVYVYVYVYVYVY

Figure 13.4-1 shows scheme of Baclaran Depot Layout
2) New Zapote Satellite depot plan

Depot expansion plan of existing Baclaran depot is shown as below:

e No. of stabling tracks: 9 tracks (2 train set /each track)

e No. of light maintenance tracks: 2 tracks (in light maintenance shed)
¢ No. of daily inspection tracks: 1 track

e No. of automatic train wash track: 1 track

Figure 13.4-2 shows scheme of Zapote Satellite Depot Layout
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3) Stabling Facilities Plan

Stabling during the night will be done only at depot stabling tracks and some trains at siding tracks of the
revenue line so that maintenance activities will not be disrupted. There are 25 stabling tracks in current
Pasay depot. Of that total, 15 tracks are good for 2 trains in series when a 1% Generation train is
included, while others are good for stabling only onetrain. However, after replacement of 1¥ generation
trains, only one train could be stabled in asingletrack. Thus, atotal of only 30 trains could be stabled in
the existing depot in the future.

By the end of Phase 1 of the project, the expansion of existing Pasay Depot should be completed. There
will be constructed 13 additional stabling tracks, increasing the total availability of stabling tracks to 53
trains. However, if some tracks in the light maintenance hall and some particular stations are included
for stabling, the total number of stabling tracks becomes 66 trains. Since only 39 trains are required at
this phase, there are enough tracks for stabling.

By completion of Phase 2, satellite depot will be constructed and stabling capacity will be 87 including
inspection tracks and stabling at stations. Number of trains would be 61, then, stabling capacity is
enough in this phase.

In the future headway will be minimized to 2 minutes as ridership will increase. Required number of
trains would be 77 at this stage, however the stabling capacity of entire facilities would be reduced to 77
as total replacement of first generation and second generation will occur, being exactly the amount of
trains needed. Therefore, this matter must be taken into consideration when implementing the future
capacity expansion in 20 years-time if the number of needed trains would be increased from the planned
amount.

Table 13.4-1 Stabling Plan of LRT Linel
Units: Train sets

Opening of South Future
Extension
Phasel Phase2 Phasel Phase2
2015 2016 2025 2035
Existing Depot
Existing Stabling Track 40 40 30 30
Existing Inspection Track 5 5 5 5
Stabling Track in Expansion 13 13 13 13
Inspection Track in Expansion 3 3 3 3
Satellite Depot
Stabling Track - 18 18 18
Inspection Track - 2 2 2
Station
Common Station - 1 1 1
Monumento 1 1 1 1
Central 1 1 1 1
Baclaran 2 - - -
Dr. Santos 1 1 1 1
Niyog - 2 2 2
Total 66 87 77 77
Number of trains 39 61 62 77

Source: Study Team
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13.5 Roalling Stock
1) Existing Fleet
There are three types of rolling stock in Line 1.

First generation trains are introduced in 1984 at the opening of Line 1 and 64 vehicles are installed.
Vehicle is double articulated and one train set consists of two cars. After Capacity Expansion Project,
first generation trains changed to 3-car train in order bring the passenger capacity of the train almost same
as second generation. Thus, 21 vehicles are converted to intermediate car by installing coupler at front
end. Consequently, the 1G fleet becomes a 21 3-car trains fleet, from the original 32 2-car trains, plus
one car remained.

Second generation train is introduced in 1999 at Phase 1 of Capacity Expansion Project. The train consists
of 4 vehicles and the vehicle is single articulated.

Third generation trains are introduced in 2007 at Phase 2 of Capacity Expansion Project. Train
configuration is same as second generation train.

Table 13.5-1 shows the summary of the condition of the rolling stock of Line 1. It shows that 33 cars out
of 140 cars are not operational; 7 cars are defective because of collision, one car was bombed and 25 cars
are because of lack of some parts.

Table 13.5-1 Summary of Rolling Stock Condition

1st Gen. 2nd Gen. 3rd Gen. Total

Operational 50 12 45 107
Not Operational 14 16 3 33
Bombed car (D) D
Collided car 2 2 (3) (7
Missing Parts (11) (14) (25)
Total 64 28 48 140

2) Fourth Generation Rolling Stock

According to train operation plan, the required number of trains for Cavite Extension 2017 is 61 trains
and 31 existing trains will be available including restored trains. Therefore, 30 trains shall be procured
as fourth generation train for this project. Train configuration should be same as 3™ generation train to
simplify the maintenance.

13.6 Implementation Plan

The implementation plan presented herein is only for portion covered by JCA Loan, i.e., construction of
two depots, rehabilitation of existing rolling stock, and procurement of new rolling stock.

The schedule has been divided into two (2) milestone phases, as explained in the Operation Plan Chapter,
which are:

e Phase 1: Partial opening of south extension at Dr. Santos station, completion of expansion of
Baclaran depot; rehabilitation of 3 3G LRVs (by LRTA); delivery of 8 new trains. May 2015.
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e Phase 2: Total completion of project up to Niyog Station; completion of Zapote satellite depot;

Increase frequency of trains by decreasing minimal headway to 2.5 min.
completion of Common Station; and delivery of last 22 trains. May 2016.

This implies

Close coordination with the Civil and E& M works' portion is paramount for the success of the project.
Furthermore, the completion of related projects, such as the construction of the Common Station in
between Roosevelt and North Avenue stations, and the implementation of the Common Ticketing System
arecrucial aswell for the proper implementation of the Line 1 CEP.

The schedule of these projectsis not mentioned in this report.

13.7 Cost of JICA ODA Portion

The summary of the cost for the JJCA portion is shown in Table 13.7-1. The figures are shown in
foreign (JpY) and local (PhP) portions, and summarized in US$. The disbursement schedule for the
JCA Loan portion isshown in Table 13.7-2.

Table 13.7-1 Total Cost of JICA L oan

Jpn Yen (‘M) Phi Peso (‘M) Total (Jpn Yen)('M) Total (US$ M)

Break down of Cost Total Pilr(tiﬁn Others | Total P‘llr(t:iﬁn Others [ Total P‘:)Irﬁﬁn Others Total Pi)lrﬁﬁn Others
Rolling Stock 25,249 25,249 0 0 0 0 25,249, 25,249 0 306.31 306.31 0.00]
Depot 3,553 3,553 0 770 770 0 5,009 5,009, 0 60.77 60.77 0.00
Refurbishment 0 0 0 0 0 0 0 0 0 0.00: 0.00 0.00]
SubTotal Direct ODA 28,802} 28,802 0 770 770 0 30,259} 30,259 0 367.08 367.08 0.00
Consulting Services 1,882 1,882 0 612 612 0 3,039 3,039 0 36.87 36.87 0.00]
SubTotal Direct Loan 30,685} 30,685 0 1,382 1,382 0| 33,298; 33,298 0 403.95 403.95 0.00
Price Escalation 1,755 1,755 0 39 39 0 1,829 1,829 0 2219 2219 0.00]
Physical Contingency 1,528 1,528 0 40 40 0| 1,604 1,604, o) 19.46 19.46 0.00
Land Acquisition 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Administration Cost 0 0 0 971 0 971 1,837 0 1,837] 228 0.00 22.28]
VAT 0 0 0 175, 0 175] 332 0 332 402 0.00 4.02
Import Tax 0 0 0 0 0 0 0 0 0 0.00: 0.00 0.00]
Interest during construction 148 148 0 0 0 0 148; 148, 0 1.80 1.80 0.00
Commitment Charge 148 148 0 0 0 0 148 148 0 179 179 0.00]
SubTotal Indirect Cost 3,579 3,579 0 1,226 80 1,147 5,898 3,730 2,168 7155 45.25 26.30
Total 34,264, 34,264 0 2,609 1,462 1,147) 89,196 37,027 2,168 475.50 449.20 26.30
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Table 13.7-2 Cost Disbur sement Schedulefor JICA Loan

Annual Disbursement (Million Jp Yen)
Break down of Cost
2013 2014 2015 2016 Tota
Rolling Stock 504.99 4,797.39 16,412.11 3534.92 25,249.40
Depot 422.31 2,935.63 1,601.20 50.09 5,009.24
Refurbishment 0.00 0.00 0.00 0.00 0.00
SubTotal Direct ODA 927.30 7,733.02 | 18,013.31 3,585.01 | 30,258.64
Consulting Services 569.01 814.26 820.71 826.16 3,039.14
SubTotal Direct Loan 1,496.31 8,547.27 | 18,843.02 4,411.17 | 33,297.77
Price Escalation 21.16 333.32 1,163.77 311.01 1,829.27
Physical Contingency 47.42 403.32 958.85 194.80 1,604.40
Land Acquisition 0.00 0.00 0.00 0.00 0.00
Administration Cost 78.24 464.20 1,048.28 245.85 1,836.57
VAT 80.88 119.54 90.92 40.28 331.62
Import Tax 0.00 0.00 0.00 0.00 0.00
Interest during construction 205 19.07 59.47 67.85 148.44
Commitment Charge 36.88 36.88 36.88 36.88 147.52
SubToatal Indirect Loan 266.64 1,376.32 3,358.18 896.67 5,897.81
Total 1,762.95 9,923.60 | 22,201.20 5,307.84 | 39,195.58

13.8 Environmental and Social Consider ations
1) Review of EIA Report

For the LRT Line 1 Cavite Extension Project, the review of the existing documents was conducted for the
whole components of the extension project covered by the Environmental Impact Assessment (EIA)
report.

The Study Team has made recommendations on mitigation measures and monitoring plans in accordance
with the JICA Guidelines

The scope of work (SOW) of JICA loan includes development of two depots, namely, the existing depot
at Baclaran and the satellite depot at Zapote. Therefore, the supplemental EIA study focused on the
existing depot and new satellite depot.

2) Supplemental EIA Study

The site for the Satellite Depot is a flood plain swamp located in the river mouth of Zapote River.

Informal settlers have settled along the perimeter of the swamp and the bank of Zapote River. They have
used large mangroves trees for houses and charcoals, and polluted the swamp with waste and wastewater
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for a long time. However, a few small mangrove trees are still remaining in the swamp and creek.
Therefore the Study Team carried out the supplemental environmental surveys.

The result of flora and fauna survey shows that none of species listed as threatened under international
and national lists were found in the Satellite Depot. The result of the sediment quality analysis shows that
the site for Satellite Depot might be contaminated by dumping waste. More sediment samples shall be
collected and rigorously analyzed to investigate the extent of pollutant levels during the pre-construction
phase.

3) Review of RAP

In November 2008 the Relocation Action Plan (RAP) was made based on a series of consultations with
households, giving attention to the informal settlers, who would be directly affected within the ROW of the
proposed alignment. According to RAP (2008), the documented number of informal settler households to
be relocated was 1,714 in 2008.

The RAP was revised by LRTA in 2012 to update the relocation work schedule. LRTA started the
re-tagging and re-census survey in late July 2012. The number of potential Project Affected Persons (PAPS)
in proposed Satellite Depot site is about 190. The Study Team requested LRTA to confirm that the affected
familiesin the Satellite Depot be surely on thelist of the beneficiaries of the revised RAP. Furthermore, the
entitlement shall meet the requirement of JICA Guidelines.

The selected resettlement site located in General Trias, Cavite with approximately 20-hectare area has been
acquired. Horizontal development of the resettlement site has been substantially completed, and about 180
housing units have been constructed. The construction of the remaining 1,820 housing units will be started
as soon as LRTA has transferred the additional budget.

RAP (2008 & 2012) had been prepared only for the relocation of informal settlers. However, in accordance
with JCA Guidelines and World Bank OP 4.12, the RAP shall also prepare for the legal PAPs such asland
owners and title holders of structures, business owners and operators and so on.

13.9 Considerations of Project Effects

The calculation of indexes is done for whole section including existing section and extension section. The
results of operation/effect indicators are shown in Table 13.9-1.

Table 13.9-1 Calculation result of operation or effect indicators

No. Operation or effect indicators Actual in 2011 Dt/ I 2018.
(2 years after opening)

1 Passenger-km 3,791 5,922
2. | The number of trainsin operation 222 258
3. | Workable car ratio 76.4 95%
4. | Train-km 9,818,243 19,374,842
5. Fare revenue 2,285.61 -
6. Fare Box Ratio 1.09 -
7. Non-railway revenue 157.83 -
8. L oad factor 77.32 -

And the elimination effect of train use inconvenient area, new 10 stations, is shown in Table 13.9-2.
More than 300 thousand populations of beneficiaries are expected aong the extension section.
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Table 13.9-2 Effect of eliminating inconvenient area for rail use area (New 10 Stations)

No. Station Population of Beneficiaries (Pop.)
1 | Redemptorist 10,666
2 | MIA 13,105
3 | AsaWorld 38,049
4 | Ninoy Aquino 18,512
5 | Dr. Santos 37,324
6 Manuyo Uno 21,415
7 | LasPinas 42,345
8 Zapote 36,913
9 | Talaba 52,059
10 | Niyog 32,712

Total 303,097

Source: Study Team The Philippines 2010 Census”

The effect of reduction of CO, emission is shown referring to “Climate Finance Impact Tool for
Mitigation and Adaptation (Summary) Ver. 1.0, JCA, 2011". Table 13.9-3 shows the result of the
estimation of reduction of greenhouse gas. The project is effective for the reduction of greenhouse gas.
The balance for reduction of CO2 emission will be increasing gradually.

Table 13.9-3 Result of the estimation of reduction of greenhouse gas
Unit: tCO, /year

Items 2015 2020 2025 2030 2035
BaseLine 55 58 61 63 64
Project Conver_si on from PUJ 4 4 4 5 5
Increasing 1 2 2 3 3
Reduction of CO, emission 50 52 55 55 56

13.10 Automatic Fare Collection System

Study Team proposed a comprehensive plan for the replacement of the old ticketing system. This plan
includes; (i) the contactless IC card technology instead of magnetic-stripe based card systems, (ii) the
introduction of a central Clearing House System for Railway that will perform the apportionment for
revenues among the operators, and (iii) PPP scheme using STEP finance.

Japanese Automatic Fare Collection (AFC) vendors have ample track records of developing Felica type
card which can transmit data much faster than Type A and B of IC card. Felicais proved to be suitable for
city transportation with heavy traffic such as transportation at Tokyo and Hong Kong. Felica has OS and
CPU built in, which makes it easier to be applied for multi-purpose use such as e-money, €tc.

Considering market soundings with Japanese investors, Study Team identified four options: (i) AFC
system and Clearing House development and operation and maintenance (O& M) under PPP mode; (ii)
AFC system and Clearing House development under JICA STEP loan with O&M under PPP mode; (iii)
hardware development of Clearing House system under JICA STEP loan with AFC system devel opment,
software development of Clearing House and O&M under PPP; and (iv) AFC system development and
hardware development of Clearing House under JICA STEP loan with software development of Clearing
House and O& M under PPP.

Total estimated government contributions for above mentioned options of the project are as follows: (i)
$71.01M, (ii) $69.10M, (iii) $70.93M and (iv) $69.43M, respectively. The results show that utilizing

13-13



STEPIloan will reduce interest burden compared to procurement solely under PPP, Option (i). It isnoted
that PPP scheme with the availability payment by the government will not eliminate government
contribution during the project period. STEP loan is assumed to be a 40 year-loan with interests of 0.2%.
This could lower annual government payments under scheme utilizing STEP loan than those of Option (i),
procurement solely under PPP.

13.11 Project Implementation Scheme
1) Railway Construction Capacity

Local construction entities have experienced construction of elevated track infrastructure since the 15-km
LRT L1 was built in 1980 — 84. The prime contractor was Philippine National Construction Corporation.
Since then, Construction of Line 2, extension of LRT 1 and MRT 7 as well as PNR rehabilitation works
followed and was contracted with domestic contractors or joint ventures of foreign and local contractors.
As the project finance market needs assurance of capacity enough for the project implementation, it can
be judged that “domestic” capacity exists for all the civil and electromechanical components of LRT 1
CEP.

2) Bidding System

The bidding system in the Philippines is well-structured and formalized which has been applied by the
Government over a decade. As a consequence, substantial experiences and precedents have been
accumulated. For ODA-funded projects, however, the tender procedure is subject to review and oversight
by the funder. There have been problems encountered in the past, when the rules of the ODA funder
differed from somewhat from the local ones. Projects with an ODA loan entails detail design prior to
bidding, while PPP usually adopts a design-build scheme.

As for tendering, DOTC has tapped the International Finance Corp. as Transport Advisors. Their main
merit is to ensure a successful and open tendering process that will be also bankable. The main criterion
for the winning bidder is highest concession fee to the Government, which is construed as rental payment
for existing assetsin case of LRT 1 (from Baclaran to North Avenue).

3) Contract

Delicate portions of contract or concession agreement will hinge on periodic review of the
concessionaire’s performance referring to key performance indicators (KPIs), during the contract period
(30 years) and rehabilitation works, especially of rolling stock which has no historical records.

4) O&M

Considering the institutional weakness in the public sector, transferring the operation and maintenance of
a highly demanding and technically complex enterprise to the private sector isastep in the right direction.
The incentive for the concessionaire is to maximize profits, balancing fare levels against demand
elasticity and on-street competition. Thisis minimizes the needs for tighter audit and regulation by LRTA/
DOTC.

13.12 Institutional 1ssuesto Implement the Project

1) Institutional issues from the viewpoints of Construction, O& M, Safety, Per sonnel and Financial
Matters

Structure of the Project Management is still unclear. It is suggested by the JICA Study Team to compose
an Inter-Agency Committee consisting of representatives of DOTC, LRTA, DPWH, MMDA and a civil
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society/ Private sector. The Committee should appoint a project manager (PM) and two deputy managers
in charge of civil works of PPP component and electromechanical components, respectively. The PM and
deputy PMs shall organize three supportive groups of: (1) Administrative Support, (2) Consultant’s
Technical Pool and (3) Counterpart Technical Staff. To minimize conflicts within the organization, there
should be only one Consulting group to be hired , rather than separately for the Civil Works (PPP
Component) and for the electro- mechanical (ODA Component), preferably funded by JICA and LRTA.

It can be presumed that the PM Consultant will be responsible for the formulation of technical and
performance specifications as well as presentation of tender documents, for the different packages of the
Electro-mechanical components, possibly as well as the civil work component. The PM Consultant is also
responsible to set of criteria and procedures to be used for testing the operational system or its major
components.

2) Risksanalysison the hybrid type PPPfor LRT Extension

According to the Preliminary Information of Memorandum (April 2012), DOTC shoulders such risks as
(@ Transfer of Existing LRT assets (b) Fare Adjustment Implementation (¢) ROW Acquisition and
Delivery (d) Delivery of Rolling Stock (e) Depot Development/ Satellite Depot Construction and (f)
Political Risks, while the concessionaire shoulders the risks of (g) Traffic/ Ridership (h) Project Financing
(i) Inflation & Foreign Exchange (j) Design/ Construction (k) Integration of Existing Line 1 and the
Southern Extension () Operation/ Maintenance and (m) Turnover at the end of Concession. The risk of
Force Mgjeure is shouldered by both sides.

Before starting construction, financia closing may be the highest risk in general. In case of a PPP scheme,
the most important issue during construction is to keep the schedule. Both sides have to fulfill their own
responsibility in time, especially for such events as land procurement, construction and rolling stock
delivery. During operation, the biggest risk is failure of periodic fare adjustment. Legally, LRTA Board
has the power to adjust fares. In practice, however, it is decided by the President, thus, making the
fare-setting process a political exercise.

13.13 Recommendation for Railway Development in the Philippines

From the following 3 view points, we would like to recommend about the future railway development in
Philippines. The recommendations were accepted by DOTC of our counterpart.

1) Review of tender documents (dr aft)

In Private portion of LRT Line 1 extension project, the extension section is planed through weak ground
along the coast, and the measures to earthquake-proof, flood control, etc. are essential. We advised to the
Ministry of Transportation about appropriately preparation of tender documents, and recommended with
Japanese technol ogies and experiences.

2) Assistancefor preparation of railway technical standard (draft)

In Metro Manila, further development of urban railway network is required. On the other hand, a railway
technical standard has not been established including the viewpoint of earthquake resistance, etc., so we
recommended preparation of railway technical standard (draft).

3) Networking of urban railway

To promote the urban railway network in Manila metropolitan area, we examined and proposed especialy
focusing the urban railway from the technical viewpoints.
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