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JICA GROUP TRAINING COURSE ON VOLCANOLOGY AND SABO ENGINEERING

2004
Pinatubo and Taal Field Tour
(Prepared by PHIVOLCS)
7-8 December 2004
DAY/TIME PLACE
Day 1
6:30-7:00 Assembly at Hotel (Metro Manila)
7:00 A.M. Departure
7:00-8:30 A.M. Travel time to Mabalacat/Bamban, Tarlac
8:30-9:00 A.M. STOP 1a: Sacobia-Bamban River -Mabalacat section/Briefing by Art
Daag & Peejay Delos Reyes

9:00-9:30 A.M. Travel time to Mascup
9:30-10:00 A.M. STOP 1b: Sacobia-Bamban River-Mascup

10:00-10:30 A.M.
10:30-11:00 A.M.

Travel time to Pinatubo Volcano Observatory (PVO)
STOP 2: PVO/Briefing by Jimmy Sincioco (RV)

11:00 11:30 A.M.-
11:30 A.M.-12:00

Travel time to Mancatian
STOP 3: Mancatian section of Pasig-Potrero/Mega Dike

12:00-1:30 P.M. LUNCH BREAK

1:30-2:30 P.M. Travel time to San Fernando/TransverseDike

2:30-3:00 P.M STOP 4a: Transverse Dike/Pasig-Potrero

3:00-3:30 P.M STOP 4b GSO section of Pasig-Potrero/Mega Dike

3:30-4:00 P.M Travel time to Bacolor Church

4:00-4:30P.M STOP 5: Lahar-affected areas near Mega Dike/Bacolor, Pampanga
4:30 P.M. Departure for Metro Manila

4:30-6:30 P.M. Travel time to Metro Manila

Day 2

5:30-6:00 A.M. Assembly (Metro Manila)

6:00 A.M. Departure

7:00-7:30 A.M. Breakfast stop along South Expressway

7:30-8:30 A.M. Travel time to Buco, Talisay, Batangas

8:30-9:00 A.M. STOP 1: Buco Volcanological Observatory (BVO)

9:00-9:45 A.M. Travel time to Taal Volcano Island

9:45-10:45 AM. STOP 2: Pira-Piraso Volcano Observatory/Briefing by July Sabit

Hike to Daang Kastila

10:45-11:00 A.M.

STOP 3: Daan Kastila/Fissures and Thermal Area/View of Main Crater

11:15-11:30 Hike back to Pira-Piraso

11:30-1:00 P.M. LUNCH BREAK at Pira-Piraso (packed lunch)

1:00-2:30 P.M. Boat trip around the Taal Island/Briefing by VMEPD personnel
2:30-3:15 P.M. Travel time to BVO

3:15-4:00 P.M. Travel time to Tagaytay Picnic Grove

4:00-4:30 P.M. STOP 4: Tagaytay Picnic Grove (View of Mainland & Taal Island)
4:30-6:30 P.M. Travel time to Metro Manila

6:30-7:00 P.M. Arrival at hotel




FIELD TRIP GUIDE
Pinatubo & Taal

(7-8 December 2004)
Field guide for participants of the Japan International Cooperation Agency (JICA)
Training Course on Volcanology and Sabo Engineering 2004
(7-8 December 2004)
Philippine Institute of Volcanology and Seismology (PHIVOLCS)
Department of Science and Technology (DOST)

Pinatubo Volcano Profile

LOCATION:
90 km NW of Manila, situated at the boundaries of ZAMBALES, PAMPANGA
and TARLAC in West Central Luzon (15.14°N — 120.35°’E) nestled at the center
of the Zambales Range (Figure 1, red box)

16°

15°

14°

13%

Figure 1. Location map for Mount Pinatubo and central Luzon.
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PHYSICAL CHARACTERISTICS:

Height Before the 1991 Eruption: 1,745 m asl; highest peak along the Pinatubo-Mariveles
volcanic belt

Height After the 1991 Eruption: 1,445 m asl

Type of Volcano: Active hornblende andesite-dacite stratovolcano and dome complex with
thick sequences of pyroclastic flows

Summit Caldera: About 2 km diameter. And 600 to 800 m deep; the crater lake was formed in
September 1991; pH values of the lake water ranged from 6.0 to 1.9; pH became very
acidic (1.9) during thedome growth.

Composition of Lava: Dacite with andesitic xenoliths/inclusions and compositional banding




Gas Chemistry — monitoring of sulfur dioxide emission using Correlation Spectrometer
(COSPEC)
Crater Lake Chemistry — occasional sampling and analysis of water from the crater lake

PINATUBO VOLCANO SEISMIC NETWORK 2004
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.Figure 2. Pinatubo Volcano Seismic Network 2004.

HAZARD ZONES: 10 km radius permanent danger zone (PDZ)



PINATUBO VOLCANO ALERT SIGNALS (Revised November 1992):

ALERT LEVEL CRITERIA INTERPRETATION
No alert Background, quiet No eruption in foreseeable future
1 Low level seismic, fumarolic, other unrest. | Magmatic, tectonic or hydrothermal
disturbance; no eruption imminent.

2 Low to moderate level of seismic, other Probable magmatic intrusion; could
unrest with positive evidence for eventually lead to an eruption.
involvement of magma

3 Relatively high and increasing unrest, Increasing likelihood of an eruption,
including numerous b-type earthquakes, possibly within days to week.
accelerating ground deformation,
increased vigor of fumaroles, gas emission

4 Intense unrest, including harmonic tremor Magma close to or at earth’s
and/or may "long period" (=low frequency) | surface. Hazardous explosive
earthquakes or quiet lava emissions and/or | eruption likely, possible within hours
dome growth and/or small explosions to days

5 Hazardous explosive eruption in progress, | Explosive eruption in progress.
with pyroclastic flows and/or eruption Hazards in valleys and downwind
column rising at least 6 km or 20,000 feet
above sea level

STAND-DOWN PROCEDURES:

In order to protect against "lull before the storm" phenomena, alert levels will be maintained for the

following periods AFTER activity decreases to the next lower level:

From level 5 to level 4:
From level 4 to level 3 to 2:
From level 3 to level 2:

NOTE:

Wait 12 hours after level 5 activity stops
Wait 2 weeks after activity drops below level 4
Wait 2 weeks after activity drops below level 3

Ashfall will occur from secondary explosions for several years after the 1991 Plinian (calderagenic)
eruption, whenever rainfall and lahars come in contact with still hot-hot 1991 pyroclastic flow deposits.
These secondary explosions will occur regardless of alert level.

The 1991 Pinatubo eruption and subsequent lahars

Factors to prompt and accurate prediction of the Pinatubo Volcano eruption:
1) effective instrumental and visual monitoring — seismic; measurement of sulfur dioxide
flux measurement with the use of the Correlation Spectrometer (COSPEC)
2) geologic mapping and hazard assessment and the generation of hazard maps — successful

prediction of pyroclastic flow-prone areas (Figure 3)

3) prompt information dissemination of the geologic and seismic observations to the
authorities and the public




The paroxysmal phase of the 1991 eruption

e Pinatubo Volcano erupted on 15 June 1991, after almost 400 years of quiescence with 3.7-5.3

km?® and 4 km? pyroclastic flow materials and 4 km® dacitic pumice-fall deposits
e Devastated more than 400 km? and blanketed most of Southeast Asia with ash
Resulted in the collapse of the volcano’s summit to form a 2.5-km diameter caldera and
reducing its summit elevation by at least 300 meters
Considering that at least 1,000,000 people were threatened, accurate prediction and

interpretation of observed events remarkably reduced the number of casualties to a few
hundreds.
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Figure 3. Pyroclastic flow
hazard map released May
1991 by PHIVOLCS prior to
the 1991 eruption of
Pinatiiho Volecano

Lahars activity at Pinatubo Volcano

After the 15 June 1991 eruption, the new and metastably perched pyroclastic flow and fall
deposits were subsequently remobilized into devastating lahars by monsoon and typhoon
rains.

Lahars in 1991 affected eight major drainages of Pinatubo Volcano. From the north
clockwise, these are the O’Donnell-Tarlac (N), Sacobia (NE), Abacan (E), Pasig-Potrero
(SE), Porac-Gumain (SSE), Sto.Tomas-Marella (SW), Maloma (W), and Bucao-Balin
Baquero (NW) (Figure 3)

Frequency and magnitude of lahar events and the number of lahar-affected river systems has
dwindled as source materials are gradually being depleted.



Significant reduction in lahar hazard zones is reflected in the 2004 edition of the Pinatubo
Lahar and Flood Hazard Zones for O’Donnell (NE), Sacobia-Bamban (E), Pasig-Potrero
(SE), Sto. Tomas-Marella (SW) and Bucao-Balin Baquero (NW).

The lahar and flood hazards maps were generated and available to the public for proper land
use planning and preparedness measures. Classification is based on highest probable hazard
(lahar hazard is greater than flood hazard). Forecast of probability/frequency of occurrence is
based on geological-historical precedence, sediment yield trends, erosion rates, triggering
rainfall, physical modelling, etc.

Figure 4. Deposit map of the 1991 eruptive
products at Pinatubo Volcano. Between 3.7 t0 5.3
cubic kilometers (km3) of pyroclastic flow materials
and more than 4 km?® of dacitic pumice-fall deposits

B o prociessctow doposss erupted. Map also indicates Site A to D of the field

Tephra-fall isopach, in cm

- Lahar deposits tour.

LAHARS ALONG SACOBIA-BAMBAN RIVER (SITE A)

Sacobia-Bamban drains the northeast portion of the 1991 Sacobia pyroclastic fan (Figure 3,
4).

From 1991 to 1993, more than 200 million cubic meters of sediment was deposited at the fan
head towards and beyond the Bamban stretch of the McArthur Hiway.

A secondary explosion and secondary pyroclastic flow event occurred on October 1993 that
resulted in stream capture and reduced flows along the Sacobia-Bamban River.

From 1994 to present, muddy streamflows and flooding had been observed with minor
siltation resulting from remobilization of already emplaced lahar deposits along the channel.
Potential for Sacobia to regain access to its upper watershed is now nil considering the fact
that the difference in elevation between Pasig and Sacobia is still more than 100 meters (may
continue to increase with no significant lahar activity in the upper reaches of the pyroclastic
flow fan area.
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SACOBIA - BAMBAN RIVER SYSTEM
Figure 4. Site A. The 2004 Pinatubo Lahar and Flood Hazards Map for Sacobia-Bamban
River System. In general, the middle to downstream areas are covered by Zone 4,

meaning areas safe from lahars but prone to sediment-laden (muddy) streamflows or
siltation.

Mabalacat Dike-McArthur Hiway, Sacobia-Bamban River (Site A, Stop &1)

Located 26 km NE of Pinatubo Volcano

Mabalacat and Bamban diking systems were constructed in 1993 prior to the onset of the
rainy season in June 1993; never fully tested because Sacobia-Bamban River ceased to be an
active lahar avenue since the stream capture in October 1993

Mabalacat Dike is armored on the riverside and landside while the Bamban Dike was
armored on the riverside but sodded on the landside (soil embankment).

LAHARS AT PASIG-POTRERO RIVER

Pasig-Potrero drains the southeast portion of the 1991 Sacobia pyroclastic fan (Figure 3, 5)
From 1991 to 1998, almost 400 million cubic meters of lahar materials were deposited at the
fan head at Delta 5 watchpoint (235masl) downstream towards and beyond the Gapan-San
Fernando-Olongapo Road. Moreover, as a result of the October 1993 secondary pyroclastic
flow event, there was enhanced sediment yield in the Pasig-Potrero River due to stream
capture of the Sacobia River.

Through time, with depletion of lahar source sediments, lahar activity had been greatly
reduced. Reduction in lahar and flood hazards is reflected in the 2004 Lahar and Flood
Hazards Map for Pasig-Potrero River (Figure 5).



Depatment of Seiznce and Teshnalogy

PHILIPPINE INSTITUTE OF VOLCANOLOGY AND SEISMOLOGY
PINATUBO LAHAR AND FLOOD HAZARD ZONES

{June 2004)
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Figure 5. Site B. The 2004
Pinatubo Lahar and Flood
Hazards Map for Pasig-Potrero
River System. Hazard zones 2
and 3 mainly confined within the
Mega Dike system. Zone 5,
areas safe from lahars but prone
to persistent or recurrent
flooding, and/or backflooding due
to drainage blockage, is confined
in the distal portion of the river.

e Significant lahar events which resulted in major deposition farther down the fan are:

o Lake breakouts from secondary pyroclastic flow-dammed tributary of the Pasig-
Potrero River at Mount Cutuno in 1991, 1992 and September 1994 conveyed
additional sediments towards the Bacolor.area,

o Intense and prolonged rains associated with passage of typhoons like the 1
October 1995 Typhoon Mameng lahars and the 18 to 21 August 1997 Typhoon

Ibiang lahars.

Pinatubo Volcano Observatory (Stop 32)

e Pinatubo Volcano Observatory (PVO) was established inside the Clark Airbase compound,
Pampanga during the Pinatubo crisis in order to augment the established temporary seismic
station on the northwest sector of the volcano
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State-of-the-art seismic telemetry and ground deformation networks were set up with PVO as
its central station

Due to the difficulty and harsh environmental conditions in maintaining remote monitoring
stations, the telemetry system was pulled out after Pinatubo Volcano’s activity returned to
quiet and normal conditions.

Mancatian-Manibaug area, Pasig-Potrero River (Site B, Stop 3)

Brgys. Mancatian-Manibaug in Porac, Pampanga lies along the middle reach of the Pasig-
Potrero River System (Figure 3, 5).

From 1991 to 1994, this stretch of the river channel was observed to be the site of the main
deposition during major lahar events.

Presently, continuous minor aggradation can be observed which are generally caused by
siltation during muddy streamflow events.

Mega Dike System/Tranverse Dike (Site B, Stop J4a)

Mega Dike System was constructed in 1996 after two previous unarmored lahar dikes were
breached/buried/destroyed by major lahar encroachments

Total length of the dike is around 24 km. The river side of the dike has concrete armoring
while land side is sodded (soil embankment

Designed as a sediment retention structure to prevent lahars from flowing further
downstream and protect the southern section of Pampanga

Connected to both east and west lateral dikes of the Mega Dike System is the Transverse
Dike located 3 km upstream of the Gapan-San Fernando-Olongapo (GSO) Road and
stretching to more than 3 km

Transverse Dike was designed to trap sediments and prevent them from flowing further
downstream and ultimately prevent clogging of the waterways of the Pampanga Delta area

A section of the Transverse Dike along the San Fernando Spillway failed and breached in
August 3, 1996

Gapan-San Fernando-Olongapo (GSO) Road (Site B, Stop ©4b)

GSO is about 14 km downstream of Mancatian and more than 30 km from the summit of
Pinatubo Volcano

GSO is a major transportation route connecting Olongapo City (where SBMA is situated)
and other municipalities of the provinces of Zambales, Bataan, and parts of Pampanga to the
rest of Central Luzon

Repeatedly hit by lahars and floodwaters from 1991 to 1998. After the lahars in 1991, a
segment of the road was raised to about three meters to keep it operational. During the
September 1994 lake breakout-related lahar event, the road was swamped by lahars and
rendered it temporarily impassable. Up to the present time, the GSO Road had been raised to
a total of 15 meters.
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