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Figure F.2

Sediment Delivery Zone in Sacobia-
Bamban and Abacan River Basins
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Figure F.5 Cross-Sectional Changes and

Estimated Channel Erosion from
Mactan to Maskup in 1994
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1993 265 476 2 0 45 49) 2,360] 80| 450 63.0 il 4 330

MNole. 1) Violume of pyroclastic Gow depusits and lahar dc?osils is obtained by combinating of PHIVOLCS-USGS & DPWIH data and the résulis
of the Stedy. ' ’
2) Arnual rajafal! from 1991 to 1993 is refered o PHIVOLCS USGS data, the vabue from 199410 1995 is cefeicd 1o PHIVOLCS obsenation data
at Upper-Sacobiz pavge . '

Prediction of Sediment Yicld from EPPEFF
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Figure F.18 Arca Daily Rainfall in Average Year in Sacobia-Bamban River Basin
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Figure F.19  Relation between Daily Rainfall at Upper-Sacobia Gauge and Lahar Events
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Changes of Longitudinal Profile of

Pasig-Polrero River

Figure 17 44(2/2)
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1990 1991 1992 1993 1994 19935 1996 1997 1998 1999 2000
Year ' :
Annual Sediment Delivery
Actual Prediction
Year Pasig- | Sacobia-
" | Abacan- | Cass-1 | Case-2
Pasig .
1991 50 250 223 223
. 1992 10 120 163 153
1993 55 120 119 105
1994 130 138 87 - 72
1995 15 49 64 A
1996 _ 47 34
1997 - u 2
1998 . 25 16
1959 - S 18 11
2000 L : i3 7
Note: 1) Case-1 is predicted using ath actual data of Sacobia-Abacan-Pasig from 1991
10 1995.
2) Casc-2 is predicted excluding the 1994 data as a extraordinary value,
3) Regression lines are as folows,
Case-1:  Y=304{.6Exp{-0.312T) Courelation Coeflicient = 0.846
Case-2:  Y=325.1Cxp(-0.3777) Correlation Coefficient = 0.966
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Station LB-1 near the Angeles-Porac road {refer to Figure F.33)
Established on July 6, 1995
Height : 2.0 m

Surveyed on July 14 _ .
Completely buried by more than 3 m thick during the July 7 to 11 lahar event

i Photograph F.1(1/5) Sediment Deposition Observed at Monitoring Station



New station LB-1 beside the previous station
Established on July 26 '
Height : 2.0 m

Surveyed on July 31 | o
Completely buried by 2.7 m thick during the July 28 to 30 lahar event

Photograph F.1(2/5) Sediment Deposition Observed at Monitoring Station



Ao

Station LB-2 near the Angeles-Porac road (refer to Plgure F. 33)
Established on July 6, 1995
Heaght 20m

Surveyed on July 26 _
Almost buried by 1.8 m thick during the July 7 to 11 lahar event

v

Photegraph F.1(3/5) Sediment Deposition Observed at Menitoring Station



SV ]

ey,

é
LA

1
&1

- New station LB-2 beside the previous station

Established on August 1
Height : 2.0m

e v

Surveyed on Auguét 22
Almost buried by 1.5 m thick during the August 15 to 19 {ahar event

Photogyaph F.1 (4/5) Sediment D'cposition Observed at Monitoring Station



S!ation LB-21A just upstream of the Matiwalu-Bulu dike {(refer to Figure .33}
Surveyed on July 10, 1995
Dike height : 3.4 m

Surveyed on July 31
Completely buried during the July 28 to 30 lahar event

Photograph F.1(5/5) Sediment Deposition Obscrved at Monitoring Station
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APPENDIX G
LAHAR ANALYSIS
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G.1 Intreduction
1.}l BACKGROUND

The 1991 eruption of Mt Pinatubo produced remarkable amount of pyroclastic

materials and ashfall deposits,. PHIVOLCS estimated that some 5-7 billion m3 of
pyroctastic material deposited on and around the slopes of Mt. Pinatebo. On the eastern
slopes of Mt. Pinatubo, three river systems including the Sacobia-Bamban river, the
Abacan river and the Pasig river drain toward the Pampanga delta areas. The Study

‘Team estimated that some 1.4 billion m3 of pyroclastic materials deposited on the
castern slopes. These materials have been delivered toward lowlying areas in the form
of lahars generated by heavy rainfall as well as secondary explosions which were
usually triggered by rainfall. The Study Team estimated that some 48% of pyroclastic
deposits has been already delivered since 1991 eruption.

At present five rainy scasons after the eruption; considerable numbers of inhabitants
and areas still face to serious risks of lahars in some river basins while in other river
basins major problems are shifting to secondary movement of sediment deposits in
valleys and river channels which would gradually decrease flood carrying capacity of
river channels in middle and lower reachies of the river systems. The Iahar activities
might cease rapidly in a few years but the secondary movement of sediment due to river
runoff would Jast much more longer period.

The Study Area originally covers the Sacobia-Bamban river basin and the Abacan river
basin draining the eastern slopes of Mount Pinatubo, and it was cxtended to the Pasig
river basin in the 1995 study period. During the 1994 rainy scasons, a few times of
lahar events were observed in the Sacobia river basin and lobes of mudtlow reached
only to the upper parts of the sand pocket area developing in the right side overbank of

- the Bamban river while a small scale lahar was observed only once during the 1995

rainy season. Because of small amount of erosible pyroclastic materials remaining in the
upper reaches of the basin, il is expected that the number of lahar events would be
rapidly reduced in 1996 afterwards. On the other hand, there are a few hundred million
cubic meters of sediment deposits in the valleys and river channels of the Sacobia and
Bamban rivers. Thus the major concem of the sediment in the Sacobia-Bamban river
would be secondary erosion of sediment remaining in the valleys and river channels.

In the Abacan river basin, any lahars have not been observed since 1992 and major
future problems would be lateral erosion of river channels in upper reaches and siltation
in the lower reaches. '

In the Pasig river located on the south of the Abacan river basin, however, lahar events
were still active in 1995, Tremendous amount of pyroclastic materials were delivered
toward lowlying areas and caused serious damages to human lives and properties in the
affected areas. The situation would stiil continue in 1996 rainy season. Careful
monitoring and appropriate assessment of risks are needed in the Pasig river basin.

1.2~ OBIJECTIVES OF THE STUDY

- The objectives of the Study are:

1) to understand and clarify the characteristics of the sediment movement in
the affected area by the 1991 eruption,

2)  to forecast the future movement of the sediment in the affected arca as well
as the lowlying areas and to assess potential flood and sediment hazard
areas

3) to evaluate thic effect of countermeasures {or structural intervention)
proposed in this master plan and feasibility study.
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1.3 STUDY CONTENTS

As discussed in the previous section, lahar events have been drastically reduced in the
Sacobia and Abacan river basins and the major problems in these areas at present and
in future would be secondary erosion of sediment materials deposited in valleys, river
channels and the sand pocket area developing right overbank of the Bamban river and
their transport toward lower areas.

Thus, in the Sacobia and Abacan river basins, heavy rainfall and/or secondary
cxplosmn may generate lahars in the coming few years but the risk of occurrence and
magnitude of lahar events would be much smaller than those observed in 1994 and
1995, Thus, the major status of sediment movement to be considered in the planning of
this study was sediment transport by normatl flow.

The study contains followings three analyses

(1) Sediment Transport Capacity
(2) Long Term Forecast of River Bed Movement
(3) Two-dimensional Flood Inundation Analysis

Sediment Fransport Capacny Analysis simply estimated annual sediment carrying

capacity at sonie selected locations of the Sacobia, Bamban and Abacan rivers based on

“runoff hydrographs generated from daily rainfall record, The results was applied to the
sediment balance study in planning purpose.

long Term Forccasl_ of River Bed Movement assessed temporal changes of
longitudinal profiles of river channels for 10 years and more under the present condition
of the river as well as the condition with river diversion works of the Sacobia river to
the Bamban river. The results show the propagation process of erosion and
aggradation of a river channel and were basis of design of the river training and
diversion works and planning of maintenance works of the river channel.

A two-dimensional Flood Inundation Analysis clarified the areas to be affected by a
large scale flood nuinoff when it inundates overbank areas along the river channels. The
study shows potential flood inundation areas and depth and duration of flow and
sediment for sonte sclected scales of probable flood hydrographs geaerated by
Hydrological Analysis. The results were utilized as  essential materials for preparing
flood and mud water hazard maps i damage analysis.

[n the Pasig river basin, however, several lahar events occurred in 1995 and caused a
large scale topographic changes. The affected avea extended toward left-hand side in the
middle reaches and lowlying areas downstream of GSO(Gapan-San Fernando-
Olongapo) highway. .

In this Study, a two-dimensional analysis was carried out to simulate the topographic
changes of the middle reaches of the Pasig river between the out let of the hilly area near
Delta 5 watching point and GSO highway in 1995. A potential flood immdation areas
was evaluated on thé basis of the two dimensional analysis.

G.2 Lahar Observation and Fulure Prospect
2.1 LAHAR CHARACTERISTICS
Lahar characteristics including flow status, sediment concentration, p:opcmes of

particles are described in Appendix FF "Sediment Batance" , and Appcndlx I, "fLahar
Matcrial Survey™.




Topographic changes duc to the 1991 eruption, succeeding secondary explosions and
Iahar events, and quantitative estimates of sediment deposits are described in Appendix
C "Geomorphology", Appendix F "Sediment Balance and Monitoring”, and Appendix
R "GIS Analysis".

The study team did not have any chances to observe actual large scale lahars n the
Sacobia river in 1994 and 1995. According to PHIVOLCS-USGS, (Ref.2, Progress
Report 1994), characteristics of lahars in the Sacobia River for the period of 1991 to
1993 were summarized as follows: :

Lahar discharge
*  Surface flow velocities at Mactan (upper end of Clerk AB): 2-15 nv/s

% Surface flow velocities at Maskup (lower end of Clerk AB): 1-5 nv/s

% Travel time from Mactan to Maskup (8 km): 20-70 min (avg. velocity of
Flow front and peak = 1.9 to 6.7 nv's, with Jarge debris flows traveling
fastest)

*  Peak discharge at Mactan: 10-2,000 m3/s (possibly as high as 5,000 m3/s
in 1991)

*  Peak discharge at Maskup: 1-400 m3/s measured, possibly reaching as
high as 1,000 m3/s in large flows

¥ Attenuation Flows from Mactan to Maskup: small to nioderate size are

- attenuated by 60-90%; large flows are attenuated by 30-50%

Sediment _ o

*  Sediment contents: 40-70 % by volume, highest in large debris flows

Wet sample bulk density: 1.5 - 2.1, highest in large debris flows
Temperalures of hot lahars: - typically 50-85 °C; highest recorded, 98 °C
Both erosion and deposilion occur at Mactan and at Maskup, with net
deposition at both locations. During single flows, there can be several
meters of erosion or deposition, or even alternation of several meters each

~of erosion or deposition. _

= Strong lateral erosion by hyperconcentrated flows.

% ® %

They classified lahars into the following two types depending on rheology of flow:

1) Debris flows typically had peak discharges of several hundreds 1o a
: lhc;’usa'nd m3/s, and contained about 60-65% (rarely, 70%) sediment by

, volume o

~2) Hyperconcentrated flows typically had peak discharges of several tens to
several hundreds m3/s and contained about 50% sediment by volume.
Hyperconcentrated flows are numerically more common, but the large
debris flows carry-a large part of the sediment that is deposited to
downstrean. :

One special type of lahar, that from lake breakouts, bears only an indirect
relation 1o the amount of rainfall. - Most lake breakouts to daté have occurred
during heavy rain, when occurred. ' :

On the basis of sediment deposits data given in " GIS analysis' and annual rainfall at
Clerk Air Base, chronological changes of average concentration of sediment delivered
from the pyroclastic deposit field were roughly calculated as follows, in which annual
runoff coefficient was asswmed at 0.65.

_ annual sediment deposit
(annual sediment deposit+annual ranoff)

Annual Average Concenlration =



River Area Sediment Deposit (mitlion r'n3)

Average Concentration (%)

Gy [ 1991 1992 1993 1994 1995 [ 1991 1992 1993 1994 1995

Sacobiﬁ - 4038) k:‘il) __80 65 8 4 |1 n #lil 59__ ____2}__]_?_
Abacan 33 _50 B L
Pasig 25045y | 50 4 55 B0 45 | 58 55 S8 66 38
{\rﬁl !'a}i_r_xfaﬂ(mm) 2,250 2,200 2,00___2,300 3’400

( ): Drainage arca after the pfracy in Oct.1993

It is obviously shown that the average concentration in 1994 was rapidly decreased in
the Sacobia river and it was in the order of sediment transport by normal flow in 1995
while it is still high in the Pasig river.

Sediment transport process by normal flow (muddy water) is an usuval phenomena
observed in any river channel. When sediment materials exist enough to meet the
sediment load capacity of a river channel, the concentration of 20 % might be possible
in sleep channels in upper reaches of the Sacobia river. In the middle and lower
reaches of the Sacobia and Bamban river where slopes are less than 1 %, sediment
concentration is usually less than 5 %. Observations of sediment and flood water are
insufficient in the study area, continuos observations are indispensable for any planning
purposes. :

2.2 FUTURE PROSPECT

* The sediment production in the mountain slopes are analfzéd and evaluated in Appendix
F "Sediment Balance and Monitoring". ' -

Based on the analysis of normalized sediment yields, the Sediment Balance study
proposed a regression curve for the headwaters of the Sacobia river after reduction of
drainage area due to capture of summit arcas by the Pasig river. The study forecasted

that the erosion in the pyroclastic field of the Sacobia basin would be gradually -

decreased and would reach to constant condition in 1998 and afterwards. The constant
amnual erosion rate was estimated at S0 mn/year for the area covered by pyroclastic
malertals. The table below shows the annual sediment yield in the Sacobia river.

Monitored and Forecasted Annual Sediment Yield in Sacobia River (million m3).

Yea 19911992 1993 1994 1995 1996 1997 1998 1999 2000

Volume 1500 $00 650 80 41 13 09 04 04 04

- Since the sediment yield from the upper reaches of the Sacobia river will be decreased
and stabilized to a normal level in a few years, the sediment deposits in the Sacobia

“valley between Mactan and Maskup which is about 80 million m? in total as of end

- 1994 will be the major supply sources. Although sone mathematical analyses were
cawied out in this study to estimate sediment movement in the valley, it is very difficult
to predict how much amount of the deposits will be eventually erodéd from the valley
because of easy lateral culling in a wide sediment filled valley. Continuos monitoring
and observation of floods and sediment movement in the valley would be essential for
planning any control measures in downstream areas.
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G.3  Sediment Transport capacily
3.1 INTRODUCTION

Sediment transport capacity at a selected point of the river system is estimated for the
sediment balance study and planning of contrel measures. Annual sediment transport
volume is calculated based on  hourly runoff rate generated by raintall record of a
selected year.

3.2 METHODOLOGY

() Models

The status of sediment transport mechanism is defined as individual sediment transport
by normal stream flow. _ ‘ '

The sediment transport volume is calculated by Brown's equation which is an

experimental formula and gives total sediment load including suspended and bed loads.
Total sediment load per unit width qg is given as follows:

qe=10.(sgd?)V12. 1425

where:
g acceleration due to gravity = 9.8 n/s?
s {o/p-1)
d grain size of sediment

1+ : shear stress=u=2/(sgd)
uz @ shear velocity — (ghi)}/2
: * density of sediment grain

p : density of water
i hydraulic gradient
h @ flow depth

Flow depth { h ) is given by Manning's cquation assuming uniform flow in a
rectangular cross section of channek: ' :

v=1n.il2. h 23

where: _ .
‘ v flow velocity = Q/(bh)
n : Manning's roughness coefticient
- Q : flowrate
b width of a rectangular cross section

(2) . Parameters

A sieve analysis of lahar materials in the study area'was carried ount in this study in 1994
and the results are suinmarized in Appendix L. According to the analysis, the sediment
materials have relatively uniform grain size ranging 0.2 to 2 num. On the basis of the
analysis, grain size of 0.7 mm was adopted as a medium size in the Sacobia-Bamban
viver and 1.0 mm in the middle and lower reaches of the Abacan river. Specific gravity
of sediment materials was obtained to be 2.6 g/cm3 while density of water was

assumed to be 1.0 g/em3.
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