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1.0

2.0

INTRODUCTION

The Engineering Geological and Geohazard Assessment (EGGA) for the proposed
LRT Line 1 North Extension Project was conducted during 20 to 25 August 2007 in
compliance to DENR DAO 2000-28 dated 14 March 2000 following the guidelines
specified in Mines and Geosciences Memorandum Circular 2000-33.

The objectives of the Engineering Geological and Geohazards Assessment are to
identify the geological hazards that might affect the project site and formulate
appropriate mitigation to minimize the impact of the identified hazards if needed.

1.1 Methodology and Study Limitation

Information presented in this report were gathered from the site and its immediate
vicinity. In the absence of outcrops along the project alignment, the understanding of
the subsurface lithology was based on the exposure observed in the banks of San
Francisco River, available information from the Mines and Geo-Sciences Bureau
(MGB) and other researchers listed in the references. The seismological data used
were based on available information from the Philippine Institute of Volcanology and
Seismology (PHIVOLCS) and the National Earthquake Information Center (NEIC-
USGS).

PROJECT BACKGROUND

The project is intended to expand
the current LRT-Line 1 and MRT-3
by connecting the two separate
systems into a seamless mass |
transport system to ftraverse the |
entire length of EDSA as envisioned
by the DOTC and the national
government. The project will connect
the LRT-Line 1 (Yellow Line) at |
Monumento in Caloocan City to |
MRT-3 (Blue Line) in North Ave, |
Quezon City as shown in Figure 1.
In between passenger stations will
be located in Balintawak (near the
Cloverleaf) and Roosevelt Ave.
(near the intersection of EDSA) .The
project primarily aims are to:

= facilitate the transfer of
passengers between the
existing lines making it more
convenient for commuters to
travel

= help decongest traffic in EDSA
in particular and Metro Manila in
general

e ! MRT Line 3
410 PNR Southrail
" V. PNR Northrail
Figure 1 System Map showing the proposed
interconnection of the existing LRT-MRT-PNR lines
under the Strong Republic Transit System.

The project is considered as national priority and a component of the Strong Republic
Transit System (SRTS) and a project of the Office of the President to form a reliable,
seamless and integrated mass transit system at par with international standards. For

uniformity and ease of recall, the
existing LRT, MRT and PNR
lines are color-coded and given
new names as follows:

Current line name

New line name

LRT Line 1 (LRT-1)

Yellow Line

LRT Line 2 (LRT-2)

Purple Line

MRT Line 3 (MRT-3)

Blue Line

PNR Northrail

Green Line

PNR Southrail

Orange Line

The LRT and the MRT forms part of Metro Manila's rail transportation infrastructure.
The LRT system is operated by the Light Rail Transit Authority (LRTA), a government-
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owned and controlled corporation under the authority of the Department of
Transportation and Communications (DOTC) as an attached agency. The MRT on the
other hand is run by the Metro Rail Transit Corporation, a private consortium in
coordination with the DOTC under a build-lease transfer scheme.

21 Manila Light Rail Transit System (LRT-LINE 1)

The Manila LRT is the first metro system in Southeast Asia, built earlier than the
Singapore system by three years. The LRT Line-1 is a fully elevated metrot system
running from Monumento in the north to Baclaran in the south along Rizal Avenue and
Taft Avenue (See Plate 1, Section 9.0). The line is 15 kilometers long and 7 meters
above ground level. It consists of 3 terminals and 15 stations. Operational since 1984,
this line has a capacity of 8,000 passengers per hour in each direction,

At present, the LRT Line 1 station in Doroteo Jose serves as an interchange station
with the Recto Station of LRT-Line 2 (Purple Line). The LRT-Line 2 consists of eleven
stations in an east-west direction over 13.8 kilometers of mostly elevated track with

Katipunan station lying underground. The line commences at Recto and ends in
Santolan.

All terminal stations of LRT Line 1 and Line 2 are designated as transport hubs, where
commuters can take other forms of public transport to areas to and from the station.

2.2 LRT-Line 1 Monumento Station

The LRT-Line 1 Monumento Station is an above ground (elevated) like all other LRT-1
stations. The station is located at the corner of Rizal Avenue and EDSA and is the
northern terminus for all LRT-1 trains. The station is named after the Monumento
Circle, the site of Bonifacio Monument. The station is close to shopping malls like
Uniwide and Ever Gotesco Grand Central, which are respectively located on opposite
sides of the station. Nearby are the Araneta Square, Manila Central University and
hospital ((See Plate 2 fo Plate 6, Section 9.0).

Buses, taxis and jeepneys that ply the EDSA and Taft Avenue routes stop at the
station. The station is also close to a number of terminals of buses that ply the
northern regions of Luzon and in close proximity to the PNR Caloocan station,

The Monumento LRT Station will be a transfer point between LRT-1 and MRT-3 in the
LRT-1 North Extension Project. The station will have an additional platform to
accommodate commuters going to the MRT-3 North Ave. Station.

2.3 MRT Line 3

The Metro Rail Transit or MRT-Line 3 runs along the meadian of EDSA, from Taft
Avenue in the south to North Avenue near the SM City North EDSA Mall in the north.
The MRT-3 runs for 16.95 kilometers with 13 stations mostly elevated except for the
Boni Station which is at grade and the Ayala and Buendia Stations which are
underground. It serves the cities that EDSA passes through namely Makati,

Mandaluyong, Pasay, Pasig, San Juan and Quezon City (See Plate 7 and 8, Section
9.0).

2.4 North Avenue MRT-3 Station

The North Ave Station is the north terminus of the MRT-3 (Blue Line) iocated at the
corner of North Avenue and EDSA, Diliman, Quezon City. It is an elevated station with
an extended tract beyond the station where the trains switch track for their return trip.
North Avenue station is a major hub for buses plying the EDSA route. A bus — jeep-
taxi terminal is located near the station.

The station is directly connected to the newly opened TriNoMa Mall one of Ayala
Corporation's largest and an upscale shopping center, dubbed as a super regional
mall. Across the street is also a major mall, SM City North EDSA located on a 20
hectare land with a gross leasable area of 195,000 square meters including the
adjacent Landmark QC.

2.5 Project Information

Project Name; LRT Line 1 North Extension Project



Nature of Project: The project will involve the construction of a 4.5-km elevated
line seamlesstly from Monumento Station of Line 1 (LRT Yellow
Line) to North Avenue Station of MRT-3 (Blue Line).

Project Location: Along Epifanio De Los Santos Ave (EDSA) starting from LRT
Line 1 Monumento Station Caloocan City to MRT Line 3 North
Ave. Station, Quezon City with stations at Balintawak and
Roosevelt Ave.

Project Proponent: The Light Rail Transit Authority (LRTA), a wholly owned
government corporation created under Executive Order (EO)
No. 603, primarily responsible for the construction, operation,
maintenance and/or lease of light rail transit systems in the

Philippines.
Office Address: LRTA Compound, Airport Road Pasay City
Contact Persons: Ms. Annabell Herrera, President

ECOSYS Corp. Inc.

Unit 2F A & M Building, No. 9 Commonwealth Ave., Diliman,
Quezon City

Tel. Fax No. 951 4059

2.6 Project Rationale

The national government through the Light Rail Transport Authority intends to provide
the public an alternative means of transportation that is convenient, fast, safe and
reliable. It is estimated that by 2010 in time with the project completion, 684,000
commuters would use the MRT everyday from the present 400,000,

With convenience and connectivity, the project will attract a considerable share of
commuters who are currently using vehicular transport along the high volume but slow
moving EDSA transport corridor. The expected primary results are:

= | ess traffic congestion on roads thus lesser travel time
= Reduction in air pollution thus a cleaner environment

With this, the project in its small way, will conitribute to economic gains and
improvement to the quality of life for the commuters. The large volume of commuters,
attracted by convenience access the stations will also spur commercial, retail, and
office development opportunities.

2.7 Project Components
The projects major components are as follows:
2.7.1 Guide ways

The trains guide ways will be on top of piers erected along the 1.5 meter wide
section in the median of EDSA. The guide ways will be double-tracked for its
entire length (See Plate 9 fo 13, Section 9.0).

The project will have a separate right-of-way, isolated from adjacent vehicular
traffic. All vehicular movements crossing from one side of the project right-of-way
will be through road access below the guide ways at designated island gaps and
existing major intersections. Pedestrian crossing of the rail transit right-of-way and
of the EDSA roadway traffic lanes will be through the passenger stations and at
existing pedestrian overpasses placed at strategic locations.

2.7.2 Substructure

Substructures cover the construction of the viaduct foundations and piers,
substructures of elevated stations, including the columns and pilings that support
the guide ways.

The pre-casting segmental methed (PSM) will be used in building the viaduct
resting on the concrete towers. It involves the pre-casting of the girders into
smaller segments so that each span is connected between two columns to reduce
weight.

27.3 Track

The tracks will be similar to those used in the LRT and MRT. The tracks will be
open and the rail continuously welded. Ties on ballast are of concrete.



Frequent track crossovers are provided to enable single-track operations and to
by-pass mainline obstruction or maintenance problems. A pocket track for holding
up to a four-car train will also be located on strategic stations for temporary
storage of disabled cars, temporary storage of cars during non-peak hours, and
mid-point turn back of trains dictated by scheduling needs or passenger loads.

2.7.4 Stations

Aside from the existing LRT Line~-1 Monumento Station and MRT-3 North Ave.
Station, two {2) passenger stations will be constructed for the project. These
stations will be near the major intersections or passenger transit points namely:

1. Balintawak Station near the intersection of A. Bonifacio Drive, North Luzon
Expressway and EDSA.

2. Roosevelt Station near the intersection of Roosevelt Ave. and EDSA.

These stations will be elevated and the will have adjacent side platforms. The
station platforms will be accessed from a concourse level. Access fo the
concourse areas is by stairs, connected to the sidewalk areas along the outside
edge of the EDSA right-of-way. Escalators and elevators access will also be
available for the impaired.

The concourse is divided into two areas: a) a “paid”, or secured area where
passengers can board the trains and b) an “unpaid®, or public area where
passengers will secure their tickets. An entry gate separates the two areas.
Passengers disembarking from the frain leave the secured areas through exit
gates into the public areas. Staff offices will also be located at the secured area of
the concourse.

Station widths will vary by location. Passenger platform lengths will be
approximately 130 meters in each direction to accommodate the ultimate four-car
rail vehicle configuration.

The platform areas will be clear of all obstructions. There will be provisions for
communications equipment, closed circuit television for security monitoring, fire
hydrants and hoses, wash-down bibs, station identification signs, route
information signs, and track-side advertising panels. Stairways will be located at
platform ends.

2.7.5 Depot

The rail vehicle storage yard, maintenance facilities and operations center of
MRT-3 is situated on the basement of TriNoMa Mall at North Triangle in the
intersection of EDSA and North Avenue.

A spur line connects the depot site to the mainline tracks, across the north-bound
EDSA traffic lanes. Through the spur line, trains entering the depot can proceed to
the yard storage or the yard maintenance facilities. All track work in the depot area
is open, supported on ties and ballast except on the elevated guide way
approaches into and out of the depot site.

Within the depot are faciliies for light and heavy maintenance, as well as
administration offices, services and plant, storage, and an internal road network.
The depot construction provides ladder tracks for the storage of 81 rail vehicles
and space for the future storage of an additional 40 rail vehicles.

Also available at the depot are facilities for stock storage and maintenance,
administration offices, train dispatcher control room, day room for train operators,
employee and visitor parking.



2.8 Project Location and Traffic Condition

From LRT Line-1 Station in Monumento to MRT -3 Station in North Ave., the project
alignment will be on the median island of EDSA (See Figure 2A to 2E).

EDSA is one of the main road arteries of Metro-Manila with a length of 23.8 km. It is
the main commuter link between the northern and southern parts passes through the
cities of Pasay, Makati, Mandaluyong, San Juan, Quezon City, and Caloocan.

EDSA cuts through highly urbanized densely populated commercial, industrial and
residential centers. It has the highest traffic volume in Metro Manila. Although it has six
lanes in each direction, the magnitude of vehicular traffic makes it congested along
most of its entire length.

Figure 2-A

Vicinity map of LRT
Monumento Station
Approx. Coordinates
14939'23'N:
120059'02"E

(From Google Earth
Web Site)
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Figure 2-B

Vicinity map of
Balintawak Station
Approx. Coordinates
14939'27°N:
1210004E

(From Google Earth Web
Site)
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3.0 CLIMATE

Metro-Manila as a whole including the e Fi 3

cities of Caloocan and Quezon has a oM THE c'ﬁ"“: N et
pronounced dry and wet season classified it man Rapotihetilieg

as Type 1 of the climatic map of the .
Philippines (Figure 3). This climate type il
has dry months during November to April
and wet during the rest of the year. Rainfall [ i~ ]

on a monthly basis range from a low in the ﬂ” |
month of February to a high in the month 3 EEEELI T

Project Site

e

of August. an

The prevailing wind direction from ww Pt
November to February is northeasterly, me il
easterly and southeasterly in March to | = iecrarernss
June with the southwest monsoon onp
prevailing at the rest of the year. i

The months of June to October registers .,: 7]

the most number of rainy days. |..ll
Temperature variation is about 5 degrees iBEtEiadnbig

at plus or minus 30° Celsius.

The tracking record from PAGASA shows |+« 1l
an average of 20 cyclones passes within |« I-‘l"r‘,a h|
the country's area of responsibility per |jo
year. (From PAGASA)
However, the passage of these cyclones only affects limited sections of the country. During
months of the SW monsoon, the affected areas are mostly in the region of Northern Luzon.
During the months of November to January, passing cyclones affect the areas of the Visayas.
Based on records, only 9 cyclones pass near or directly hit the metropolis and 8 passed within

the 50 km from the metropolitan area.

4.0 TOPOGRAPHY AND DRAINAGE

The project alignment will cut through the western flanks of the Guadalupe plateau,
distinct a topographic feature that links the Tagaytay highlands in the south to the
Bulacan highland in the north. It separates the Manila Bay in the west and the Laguna
de Bay in the east. The terrain is generally flat with slight undulation as reflected by
the widely spaced contour lines (See Plate 13 to 16, Section 9.0).

From the LRT Monumento Station, the contour elevation ranges from 10 meters above
sea level with spot heights of 19 meters. Contour height gradually rises to 32 meters
above sea level in the area of North Ave. station as shown in Figure 4. The general

topography reflects a very gently sloping terrain to the west with slope of no more than
2%.

Drainage along EDSA is mainly by engineered drainage system laid at both sides of
the road ways. Discharge flows by gravity towards the San Francisco River (in the
vicinity of Roosevelt Station), the Dario River (in the vicinity of North Ave) and creek

in the area of Cloverleaf, Balintawak (See Plate 17 and 18, Section 9.0). These natural

7



drainage lines have well defined channel banks with height of 1.5 to +/- 5 meters and
generally flow in a south-southwest direction towards the San Juan River and into the

Pasig River.

Surface water flow in the area of Monumento is drained mainly through engineered
drainage lines that flow into tidal channels and tributaries of Malabon River and the

Manila Bay.
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5.0 GENERAL GEOLOGIC SETTING

From the Monumento Station to the vicinity of Balintawak Cloverleaf, the project
alignment will pass through an area underlain by quaternary alluvium and the
Guadalupe Formation from the Balintawak Cloverleaf to the North Ave. Station as

shown in Figure 5.

Previous studies done by Mines and Geo-Sciences Bureau and data from geotechnical
drilling for various projects in the area of Quezon City show the Guadalupe Formation
to be composed of interlayered pyroclastic flows, lahar deposit, airfall tephra (ash),
fluvio-deltaic sediments and paleosols deposited under terrestrial to partly sub-aqueous
conditions. The volcanics range from agglomerates to fine ash, while the sandstone
unit grades from very fine to conglomeratic. The volcanic and sedimentary units have
varying degree of consolidation and weathering. Plant remains mainly petrified woods
are associated with certain horizon. Lenticularity is common features due to erosion
along river and lahar flow channels. The pyroclastic flow units are massive to
moderately consolidated while the tephra deposits range from massive to thinly
laminated and are well consolidated (see Plate 19 Section 9.0). The presence of

paleosols indicates time gaps in depositional events for each formational unit.

Figure 5 Regional Geologic Setting Along the Alignment of the LRT 1 North Extension Project

In the absence of any project related drilling and geotechnical investigation during the
preparation of this report, the result of the geotechnical investigation of Purser &
Diomampo (1996) for the LRT-2 project was referred to for subsurface information in

the area of Monumento given the geological and geomorphological affinities of the
10



area of Monumento and Recto, This investigation followed the east-west LRT route

starting from the area of Kamuning, in Manila.

Quezon City to Recto
Geomorphologically, the areas covered by the alluvial sediments belong to coastal

plain with relict features of tidal flats, swamps, marsh and beach ridge along the old

coastline.

Along the alluvial plains, the drilling showed sediments belonging to what was
proposed to be the Manila Formation by Purser & Diomampo (1996), composed of
unconsolidated sequence of recent fluvial, deltaic and marine deposits subdivided into
the Proto-Pasig Delta and Modern Coastal Deposit. The Proto-Pasig deposit includes
transitional, marine and transgression sediments, while the Modern Coastal Deposits
are mainly recent marine sand/silts, recent stream deposits and fill materials. Absolute
age of these units are still to be established and not within the scope of this report.
These sediments were eventually overlain by fill materials used in back filling the
water logged marshes and back swamps through the years by individual land owners

and developers as the metropolis developed.

It could only be assumed that the base of the sediments belonging to marine
transgression units corresponds to the Holocene. The age of the gravels and the ash fall
deposits is placed between 0.7 my BP and 0.15 my B.P. The Guadalupe Formation

stratigraphic sequence is shown in Table 1.

Table 1: Stratigraphic Sequence of Metro-Manila and Vicinity

UNIT | MEMBER DESCRIPTION

Fill Undifferentiated materials used backfilling low laying areas

NOILLYINHOG YIINVIA

NIV Td
T1SYOD INIDJFY

Recent Stream
Beposits

Represented by 4-6m thick dark gray plastic clays deposited in anoxic conditions adjacent to San
Juan River. Probably correlatable fo the silty clays of the Marine unit (M23L).

Recent Marine
Sand  {M3S)
and Marine
Clay {M3C)

3 - Bm thick medium grained shelly silty sand (M3S) overlying other marine sediments deposited
synchronous with the east to west coastiine migration

Marine Clay (M3C) is represented by organic clays probably deposited under back swamps and
mangrove environment,

ANE
DSYd 010Yd

Upper  Clay
and  Sandy
Silts {M25L)

6 - 10m thick marine silty clay to siity sand grading fo beach sand (M23) The localized silty clay
in Upper San Juan River section could be comelated to this unit.

Old Marine
Clay (MIC)and
Marine Sands
(MiS)

Lower marine layers unconformably overlying the Late Pieistocene silty tuffs (LP1SL). The lowest
layer is 7-8m thick medium stiff shelly clay to silt (M1C and MISL) overlaying beach sand (MiS) at
[2m depth below present surface marked by increase in stiffness
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Oid Tuffaceous | Mottled brown ;ailt (LIf’1SL) and fine tuffaceous gand overlying gravels and sands of Proto Pasig
) channel deposits. Stiff to hard (SPT's 18-40) with brown to light grey color. May be weathered
Silts (LP1SL} | fpe 1t

The clayay horizen (LPIC) in Nagtahan could be similar in origin and represent a fine ash fall
event after deposition of the main Guadalupe Formation but before the Holocene marine
transgressicn. Could also possibly formed by deep weathering in sections of Guadalupe
Fermation.

Proto  Pasig | Present above the Guadalupe Formation and beneath the younger silty tuffs. Composed of
River Channel | dense fo very dense coarse terrestrial sand and gravel with minor clay lenses. Gravel is well
Deposits rounded and presumed to be deposited by the Pasig River The deposit is probably late
(LP13) Pieistocene postdating the Guadalupe formation (1.1m.y.-0.7m.y. B.P.).

NOLLYWHOC 3dn1vavao

GF4

Consists of horizontally layered and inter-tonguing velcanoclastic sandstones, tephira falls, lahar deposits and
ignimbrites, Wood and leaf fragments are present in some sub-units. Overiain by Late Pleistocene and marine
sediments from Lambingan Bridge wesiward fo Recto. The unit's measured thickness is 49m. Cross stratification
of the sandsfones and valcanoclastics are steeper, (up ‘o 30 degrees) compared to the lower units. Differential
compaction features are also present.

GF3

Present from Albany Street to the Lambingan Bridge across the San Juan River (133m thick) Consist of medium to
thick bedded fluvial sandstones, lahars and thin bedded pyroclastic flows and tephra fall deposits. Characterized
by partly welded fine tuffs and scoria-rich lapilli tuffs and agglomerates with 6 paleosol horizons. Fluvial sandstones
assume a more reguiar and lenticutar geometry compared fo the fluvials of the cider units.

GF2

Prasent from Lawaan Street to Albany Street with 43m thickness. Composed of fluvial volcanoclastic sandstones
and ash fall deposits inter-fonguing with laharic deposits. Fluvial compeonents range from tuffacecus siltstones fo
coarse sandstones with minor pebble lenses, mottled, gray, thinty bedded, cross laminated and loosely cemented.
Palecsols with carbonized twigs, leaves and small wood fragments are present in the upper section. The ashfall
deposit is made up of pumiceous fine to fapilli-size tuffs with relatively high porosity and iow bulk density and
probably depesited under fully submerged conditions. Lenticular lahar deposits ocour within the fluvial sandstones.

GFt

Exposed from Katipunan westward to Lawaan St. Consists of two massive pyroclastic flows, separated by a thin
bedded fine ash fall and a coarse grained, cross bedded fluvial sandstone with a total thickness of about 57m. The
flows are made up of sub units varying from cearse tuffs to agglomerates composed of angular o sub-rounded
fragments of vesicular basait and andesite, glass shards and tabular to needle-like crystals of ferromagnesian
minerals. The pyroclastic flows have relatively high sfrengths and low to moderate porosity with a distinct
downward fining of grain size. The sandstenes are generatly dark gray, thinly bedded, cross laminated. The grains
are rounded to sub-angular, with minor proportior: smaller than fine sand. The sandstone strengths are generally
low. The tephra fall horizon is brownish-red in color, medium grained, with occasional lapilli-sized fragments with a
moderate o low sirength.

{Stratigraphic interpretation based on LRT-2 geotechnical investigation of Purser & Diomampo 1996}




6.0

POTENTIAL EARTHQUAKE GENERATORS

Shown in Figure 6 are geotectonic features that cause significant earthquakes,
which can affect the region surrounding the project site. These features
includes: (1) the Manila Trench and its related structures, (2) Seismic and
volcanic activity from Taal Volcano, (3) the Philippine Fault and its branches,

(4) the East Luzon Trough and (5) the Valley Fault System.

Legend
s Active Fault: Solid line- lrace certain;
o= wmem = dashed fine- frace approximate;
dashed line- approximate offshore project
bbb Tronch
e Ttansform Fault

1800

1600

1400

~ (Modified from PHIVOLCS 2000)
Figure 6 Distribution of Active Fault and Trenches in Luzon

The Manila Trench - a subduction related feature that parallels the western shore of
Luzon. Convergence of the oceanic crust of South China Sea and the Luzon landmass
causes the subduction of the oceanic crust under Luzon.

Lubang Fault — considered by some geologist to be an extension of the Manila
Trench and traces the western shores of Mindoro where a branch of the
structure is suggested by the branch of the trench that verges into the northern
shores of Mindoro, along the Verde Island Passage. The structure is represented
in most maps as the Lubang Fault, and some maps show this to extend farther
east near Verde Island, being termed Verde Island Fault.

Taal Volcano - an active volcanic system characterized by numerous historic
violent eruptions which contributed extensive volcanic deposits in the
surrounding area and generated perceptible quakes in and around Metro
Manila. Some of the seismic activity during volcanic eruptions caused fissures
and liquefaction in the coastal area of Balayan Bay.

The Philippine Fault System - a northwest-trending fault zone whose branches
have been mapped for 1,200 km from the eastern part of Mindanao to northern
Luzon. Its trace passes through Ragay Gulf and Alabat Island. Seismic activity
along this fault zone is also among most destructive in the country. Several
historic earthquakes have been associated with this fault, the most recent of
which are the 1973 Ragay Gulf earthquake and the 1990 Luzon earthquake.

The Sibuyan Sea Fault - a branch of the Philippine Fault identified through its
alignment on geomagnetic anomaly maps. The fault branch from the main
Philippine Fault Zone near Masbate and traverse westward across the Sibuyan
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Sea and then merges with other structures north of Marinduque Island. Data
shows it to veer westerly from Tayabas Bay, and merge with the Verde Isiand
and Lubang Faults, forming a continuous transfer zone between the Philippine
Fault-Philippine Trench and the Manila Trench-Lubang Fault system. (E.
Ramos 2000)

6. The East Luzon Trough - a deep oceanic trench that borders the eastern shores of
Luzon, serving as a tectonic boundary between the Luzon arc and the
Philippine Sea Plate. At this trench, the Philippine Sea Plate subducts under the
Luzon arc along the East Luzon Trough. This subduction process is marked by
the depression of the ocean floor along the East Luzon Trough, and by the
intense and westward-deepening region of earthquakes.

7. The Valley Fault System - runs from the foothills of Montalban Mountains in
Rizal, southerly along the western coast of Laguna de Bay, and through the
eastern edges of Tagaytay Ridge. The fault system is composed of two north-
trending parallel structures dipping towards each other, where the block in
between had shifted down causing the formation of the Marikina Valley. The
eastern segment of the fault borders the edge of the Marikina Valley from the
Antipolo and Montalban mountains. This fault abruptly terminates at the
contact of the Guadalupe Formation and Quaternary Alluvium. The western
segment known as West Valley Fault (WVF) borders the Marikina Valley from
the Diliman and follows the eastern margin of Guadalupe Plateau. The fault is
considered active by PHIVOLCS, since trenching made along the trace of the
fault revealed that at least four events had occurred along the western segment
in the past 1400 years (Punongbayan et al., 1992; Rimando et al., 2005).

7.0 GEOLOGICAL HAZARDS ASSESSMENT

Given the tectonic framework covering Metro-Manila area and vicinity in general and the
project site in particular, the geological hazards that could have an effect at the project are
seismically connected and these include earthquakes and seismic shaking.

7.1 Earthquakes

Earthquakes in the region around the project site are influenced by the tectonic
features shown in Figure 6. The seismicity map of the region around the study site is
shown in Figure 7. Most of the earthquakes plotted in the figure belong to four clusters,
one along the eastern shores of Luzon, around Polilio Island, one on the eastern coast
of Samar, another cluster exists on the western coast of Luzon around Mount Pinatubo
and the south of Taal Volcano, along the northern shore of Mindoro, Seismicity in
these four clusters is influenced mostly by the subduction processes in these sites, as
madified by the local volcanic and tectonic structures. The other earthquakes plotted in
the map that are not related to the four clusters are generated by the major faults that
cut the Philippine archipelago.

Seismicity along the East Luzon Trench is characterized by a sequence of high
magnitude earthquakes (larger than 5.5) and their time sequence and spatial
distribution link them to the apparent stress partitioning from the Philippine Trench to
the faults in northern Luzon, The earthquakes in this area are interpreted to be caused
mainly by the convergence between the Benham Plateau and Luzon.

As can be seen in Figure 7, seismicity along the Manila Trench and other sources of
earthquakes is not uniformly distributed. More earthquakes are being recorded in
some areas of the trench, particularly on the northwest corner of Luzon, on the region
east of Baguio whose activity commenced after the 1990 earthquake, on the region
around Mount Pinatubo, and on the southern end of the trench near Lubang lsland.
The seismicity near Mount Pinatubo and that near Lubang Island is shown as the
dense clusters of earthquakes.

The source of earthquakes near Lubang Island, south of the project site, is the most
active tectonic feature in the Philippines. At least one event of magnitude greater than
4.5 is recorded in this site every month, some events exceeding magnitude 6 are
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recorded occasionally, and a few events reaching magnitude greater than 7 are also
observed. The nature of the events in the area is complicated, some being attributable
to a steeply dipping Benioff Zone that extends to a depth of around 150 km (E. Ramos,
pers. com.). This Benioff Zone seismicity seems to extend from the Pinatubo area as
the events with depths reaching around 150 km near the southern shores of Cavite.
Also included in this type of seismicity are the shallow earthquakes on the
northwestern corner of Mindoro Island, where small and large magnitude events are
constantly recorded at shallow depths. These include some of the events along the
Verde lIsland Passage, and the events along the Philippine Fault system. The
earthquake in Mindoro north of Calapan in 1994 had a magnitude of 7.4 and caused
severe damage in the northern coast of Mindoro. The earthquake was felt at intensities
reaching VIl in northern Mindoro and intensity VI in Batangas City.

—_——— — ———
Earthquakes from 1907 to 1998 .
Figure 7
Depth (km) Magnitude (MS)
3 5 7
Gl w» ® Earthquakes
4.5 - o+ ¢ of the
50-100 R Ly .
100 - 300 Region
300 - 500 a o O Around the
i S Metro-Manila
Area.

A seismic picture of earthquakes that affect the area of Metro-Manila is shown in
Figure 8 from the United States Geological Survey-National Earthquake Information
Center. It shows earthquake epicenters in Batangas and the Verde Island Passage,
with magnitude range of 4 to 7.9 and the plots are those with depth of 0 to 500 km
(Table 2 ). Except for the 1994 Mindoro earthquake, most of the events are less than
intensity 6 and clustered in the area of Verde Island Passage.

National Earthquake Information Center World Data Center for Seismology, Denver
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Table 2 NEIC: Earthquake Search Results
Geographic Grid Search
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Latitude: 15.000N - 13.000N Longitude: 122.C0CE - 120.000E

Magnitude Range: 5.0-7.9 Depth Range: 0 - 500

Catalog Used: PDE Data Selection: Historical & Preliminary Data

YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEFM DTSVNWG DIST
NEPO km
TFS

1973 03 15 175839.40 13.94 120.36 113 5.20 mb GS 2F

1973 05 13 125342.60 13.63 120.7% 1 5.30 mb GS

1973 10 25 064111.30 13.80 120.24 63 5.60 mb GS .

1973 11 21 120546.30 13.45 121.01 3% 5.10 mb GS 2F

1974 02 12 094744.80 13.52 120.46 74 5.50 mb GS R
1974 04 16 112252.90 13.83 120.6% 123 5.40 mb GS 3F . ...
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7.2  Seismic Shaking

PHIVOLCS and USGS did a study of
the expected seismic acceleration for
the whole country by quantitatively
estimating the hazard of earthquake
ground shaking through the analysis of
the time, space, and size distribution
of earthquakes at distance-dependent |
attenuation model for seismic energy. |
The calculations used applicable |
location, magnitude of historical |
earthquakes, soil conditions and the |
rate of seismic attenuation. The
development of the ground motion | Seismic Acceleration in Rocks with 90% of
hazard maps shown in Figure 9, | Probability of Not Being Exceeded in 50 Years.
Figure 10 and Figure 11 involved: (1) i ]

delineation of the seismic source
zones or faults; (2) analysis of the
magnitude frequency distribution of
historical earthquakes in each source
zone; and (3) calculation and mapping
of the extreme probability Fiax t(a) of

ground motion acceleration, a, for
some time, t.

4
;
§

The result of the calculations shows |
the project site to have a ground |
acceleration of 0.22g for rock, 0.39g
for medium soil and 0.6 g for soft sail.

These values were considered given | Figure 10 . ) G o
the type of under laying materials at Seismic Acceleration in Medium Soil with 90%

the site and represent the acceleration | Probability of Not Being Exceeded in 50 Years.
expected with 10% probability of |}! ? | oady
exceedance in 50 years. However, this s
model did not include the East and
West Valley Fault System as potential
earthquake generator.

To improve the Thenhaus PGA model
for Metro-Manila, B.C. Bautista (2002)
has studied the expected seismic
motion distribution by probabilistic
approach which considered the Valley |f
Fault System aside from the Philippine |
Fault, Manila Trench, East Luzon and
Philippine  Trenches as potential
earthquake generators. The peak

: . a
ground = acceleration with  10% o o) iie of Not Being Exceeded in 50 years

probability of exceedence in 50 ygar. Note : Labeled lines are contours of acceleration in g (From
100 year and 250 year exposure time (thonhaus et al, 1994)

are as follows:

Figure 11
Seismic Acceleration for Soft Soil with 90%

Minimum Maximum
50 year 0.17t00.18 g 0.21g
100 year 0.27t00.28 g 0.35¢
250 year 0.50t00.55¢g 0.64 g

Using the deterministic approach with the given distance between the project site and the trace of
the West Valley Fault (PHIVOLCS certification Appendix A), the PGA estimate are enumerated in
Table 3. The PGA estimate used the M7.4 as the maximum credible earthquake as estimated by
Bautista instead of that of Nelson et al. (2000) estimate of M7.0 for the West Valley Fault. In
addition, the possible maximum earthquake magnitude of M7.7 based on horizontal and vertical

displacement measurements along the fault line done by R.E. Rimando and P.L.K.Knuepfer
(Nov. 2005) was also used.
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Table 3 Estimated PGA at the Possible Magnitude & Given Distance from the West Valley Fault

. Possible PGA for Soft PGA for Medium PGA for

LRT Stations | pagnitude | Soil {in g) Soll (ing) | Rocks (in g)
6.8 0.53 0.38 0.23
LRT Monumento 73 061 0.43 026

Station

{11.4 km distance) 74 064 0.46 0.27
7.7 0.6¢ 0.49 0.29
6.8 .58 0.41 0.25
Balintawak Station 7.2 0.65 0.46 0.28
{9.5 km distance) 74 0.68 0.49 0.29
1.7 0.72 0.52 (.31
6.8 0.63 0.45 0.27
Roosevealt Station 7.2 0.69 0.50 (.30
{ 7.6 km distance) 7.4 0.72 0.52 0.31
1.7 0.76 0.54 0.33
6.8 0.67 0.48 0.29
MRTS';‘a"t'i'éhnA"& 72 0.73 0.52 0.31
(6.4 km distance) 74 0.75 0.54 032
7.7 0.79 0.56 0.34

Note: Possible earthquake magnitudes of 6.8, 7.2 and 7.4 the WVF can generate are from the study of 8. Bautista
based on the assumed fault length of 30, 67 and 96 km respactively. Magnitude 7.7 is from Remando et al, 2005.
The revised Fukushima-Tanaka Equation was used in the computation from Fukushima et al 2000

The estimated PGA falls within the range of values derived by the study of JICA which
incorporated newly obtained shear-wave velocity data to wit, the predicted PGA values range
from 0.3g to 0.6g (equivalent to Intensity 1X in the Modified Mercalll Scale) from movement of the
West Valley Fault (Oyo Corporation et al., 2003). Different modeis in this study based on the West
Valley Fault showed the areas underlain by the Guadalupe Formation will have PGA values of
0.15 to 0.30 while the coastal areas covering those around Monumento in Caloocan City will
experience more than 0.8g (See Figure 12),
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