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PREFACE

In response o a request from the Government of the Republic of the Philippines
the Government of Japan decided to conduct a study on flood and mudflow control for
Sacobia-Bamban/Abacan river draining from Mt.Pinatubo and entrusted the study to the
Japan International Cooperation Agency (JICA).

JICA sent to the Philippines a study team'hcadcd by Mr. Noriaki Hirose and
composed of niembers of Nippon Koei Co., Ltd. and CTI Engineering Co., Ltd. from
November, 1993 to March, 1996.

The téam held discussions with officials concerned of the Govemment of the
Philippines, and conducted field surveys in the study area. -After the team returned 1o
Japan, further studies were made and the present report was prepared. :

1 hope that this report will contribute to the premotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the
Govemment of the Republic of the Philippines for their close cooperation extended to the

team.
o .May, 1996 |
&W:s“mfi/@/ '
- Kimio Fujita |
 President

Japan International Co'oper_alioh Agency |



- JAPAN INTERNATIONAL COOPERATION AGENCY _
“THE STUDY ON FLOOD AND MUDFLOW CONTROIL FOR SACOBIA-
BAMBAN/ABACAN RIVER DRAINING FROM MT.PINATUBO

Mr.Kimio Fujita May, 1996
President _

Japan Intemational Cooperation Agency,

Japan _

Dear Sir,
LETTER OF TRANSMITTAL,

We are pleased to submil herewith the Final Report of "the Study on Flood and
Mudflow Control Work for Sacobia-Bamban/Abacati River draining from Mt Pinatubo”,
The Report has been prepared for the Government of the Republic of the Philippines as a
guideline for consideration when implementing the flood and mudflow control works in
Sacobia-Bamban and Abacan river basins affected by the 1991 eruption of Mt.Pinatubo
in central Luzon.

_ The main outputs from the Study are broadly grouped into three components. -
One is the master plan and feasibility study for Sacobia-Bamban river basin. The Plan
shows the effective use of sand pocket structure and the combination of flood controt
works as permanent structure. This includes the concept of future agricultural

_restoration plan in lahar disaster area as long term plan. The second output is the master
plan and feasibility study for Abacan river basin. The plan indicates the reconstruction
and rehabilitation works of existing sabo and flood control structures to make them
possible to be permanent structures. The other output is the sedimeant monitoring in the
Pasig river basin. On the basis of the results of monitoring on sediment deposition and
geomorphologic change, poteatial lahar disaster arcas are specified for the future
implementation of structural measure. :

~ The study team al_so'submiuedjdis'asler' and ha?ar_d maps which specify the
potential disaster prone area for enhancing the effective warning dissemination system as
anon-structure measure, o ' S : ‘

Al members of the Study Team wish to express grateful acknowledgment to the .
personniel from .your Agency, Advisory. Committee, Ministry of Foreign Affairs,
Ministry of Consiruction, and Embassy of Japan in Philippines as well as the officials
and individuals from Philippines for the kind assistance extended to the Study Team.
The Study Team sincerely hopes that the results will contribute to restoration of the
affected area by the Pinatubo eruption in particular and to promote the future
implementation of flood and mudfiow control works and her socioeconomic development
- and well-being in general.

" Yours sincerely,
Noriaki Hirose |
Team Leader
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CHAPTER 1 MT.PINATUBO ERUPTION

M Pinatubo is siluated at 15°08'N
latitude and 120°2UE longitude. The
drainage system around Mt.Pinatubo is
mainly controlled by topography with a
radial pattern. The'Marellla, Sto.Tomas
arid Bucao river systems drain from the

~western slope of MtPinatubo inte the
- South China -Sea. Along the eastern
" slope of Mt.Pinatubo, the O'Donnell,
. Sacobia-Bamban, Abacan, Pasig-Potrero
cand  Porac-Gumain  rivers radiate
oulwards to the Central Luzon Plain.

Eruption on June 12, 1991

According to the geological survcy:of the Philippine Institute of Volcanology and Seismology (PHIVOLCS)
“and the US Geological Survey (USGS), older cruptive periods have been identificd by 1C dates on charcoal
*in pyroclastic flow deposits about 2,500, 5,000 and 35,000 years ago. ‘The last cruption has heen dated at
46030 years ago. | | ' |

P R RIS AT R ST RS AT YA
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On June 15, '1991‘, after 460 years of
dormancy, Ml.Pinatubq awoke with a

:.climactic_ Plinian cruption, Mt.Pinatubo’s

summil was lowered from 1,745 meters to
i . - . ' 1,449 meters resulting (o 4 caldera with a
¢ - diameler of 2 kilomé_te%snnd a summnit
crater of 60O moeters deep.  The caldera.
floor was 'pa:rti:aliy filled with water to.

form a lake. The cruption of Mt.Pinatubo
_ i EERW 5 also produced remarkable volume of
View from Clark Field on June 15, 1991 (&5 Dr. R.P.1oblitt, USGS ) pyroclastic flow and ash fall deposits.

T N R RTINS O T R R T M ST R T T T P I O R S R e g

4 Hundreds of people were killed, thousands

were injured or missing, and hoadreds of -
thousands of familics were rendc}cd '
~homeless. - Strong  winds induced "by
: Typh'obn "Diding” on June 15 aggravaled
the situation, s:cattering volcanic ash over
thousands- of square kiIome{cfs, including
Metro Manila, which is about 90
kilometers away.: o

View from Clark Field on March, 1952 ( by Dr. RP.{lobli, USGS )
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The volume of pyroclastic flow deposits was eslimated at 6.7
billion cubic meters along the slopes of Mt.Pinatubo. Since
pyroctastic flow deposit is so hot (approximately 700°C), many
secondary explosions usually occur when rainfall and
groundwater come in contact with the hot pyroclastic flow
deposit.  Such exptosions loosen the pyroclastic flow deposits
and cv‘cnluﬁlly flow as lahar. Lahar poses continving threat and
~ grave danger to human lives and properlies in the low-lying
- areas. The major rilvers'surrounding Mt Pinatubo which have
* been affected with lahar consequently pose a great danger to the
- outlying arcas (residential, commercial and industrial areas).
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CHAPTER 2

- EXTENT OF DAMAGE
' Damage in 1991
{ 10.6 billion Pesos)

" The massive damage caused by the

Mt.Pinatubo eruption and the lahar flows

that followed was placed at 10.6 billion
Pesos at the end of 1991. The heaviest toll
was on public infrastruciure, including

power, telecommunication, water supply and

school and health facilities, estimated at 3.8

- billion Pesos. Losses to agriculiure was

estimated at 1.8 billion Pesos; to commerce

and industry, 851 millien Pesos; and natural

resources, 120 million Pesos.

114%
Natural Resouces

Infrasiructure

4
~
~

Trade and Industry

The total cost for relief opeta_!ions,' evacuation and reseltlement, rehabilitation and reconslruciion was

estimated at 30 billion Pesos. The cost of reconstruction and rehabilitation alone of vital public

~infrastructure l‘iké roads, 'br_idg:e's and other facililies was placed at 9.5 billion Pesos. About 489 kilbmet_ers

of major national roads and 163 kilemeters of municipal roads in Pampanga, Zambales, Bataan and Tarlac

“were covered with 6- 12 inches of ash and sand. Six major bridges, namely Abacan, Pandan, Mancatian and

" Pabanlag in Pampanga, and Sta.Fe and Umaya in Zambales collapsed immediately after the eruption. Lahar

lows destroyed the Bamban bridge in Tarlac, and a portion of Capaya bridge along the North:Luzon

Expressway in Angeles City. Two bridges along the Botolan-Capas road in Botolan, Zambales we_ré

inundated while the approach of several bridges were also damaged. In total, 13 major bridges we're:

destroyed or damaged.

More than' 54,000 familics have
been dislocated after the eruption

of Mt. Pinatubo. All the displaced
familics have sought temporary
shelter in the evacuation areas, and
still o be permanently
reseitled. - In 1994 and " 1995,
displaced families -from the

are

municipalitics of Bacolor * and
" Porac which are within the Pasig-
Potrero river basin were affected
and subscquently relocated to the
- evacuation and rescttlement sites
of San Fernando and Angeles City.

Displaced Families ( thousand )

6

14
12

Dis’p!_ac?d F‘atnfir’és in Régiqn 1

1991

1993
Year

1992 1994

1995



'Abacan Bridee in Angeles City was roﬂapsed by

!ahar amfanrhe :mmed’m!el) aﬂer lhe empuon on Imte 17, 199!

Ronte 3 was covered with lahor of :erm deep. C learan:e of San Franusco Bnge was reduced 1o ?tkm on
Orfobe: 2, 1995, ( mtddfe rearh of Bamban R‘rm )

(upper reach of Bamba

PR TR ST RN RN

Lahar disaster area extended 16 Jurther dokns!ream area over

3 24,
Conunuters and vehicles cross fem orar_v bridges sel up over
San Ferngndo ~ Olongapo Read. {lower reach of Pasig River)

the Pasig Rivér in Porac. (middle reach of Pasig River)
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CHAPTER 3 EASTERN SLOPE OF MT.PINATUBO
3.1 JICA MASTER PLAN STUDY

In June 1991, just a few days after the disaster struck, Japanese r‘elféf goods amounting to US$ 200,000 were
immediately dispatched to the affected areas. From July to September of the same year, the Government of
Japan (GOJ) donated and helpcd in the mslalhnon of a Lahar Warning Systemn woith US$ 9 sillion in
(.ooperauon with the Natiohal Dlsaslcr Coordinating Council (NDCC) So far the 1otal woith of Japanes¢ aid,
grants and technical sérvices and assistance; including medical equipment and supplics, pt_:bltc works and farm
machincry, and commodity loan extended by GOJ in contiection with the calamity has réached US$ S billion.

In 1993, upon the of ficial request of ihé Government of the Philippines (GOP), GO agreed (o 6rganize a Study
‘Team under the téchnical cooperation of Japan International Cooperation*Agency (JICA) to conduct a Master
Plan Study for flood and mudflow control works in the Sacobia-Bamban and Abacan rivers.

The specific objectives of the Study are

' (l) lO'fOfIIllllﬁ[e a master p!an for the : T E I h[LpiN_{L[lIBO ERUPTION 1 l”lil.
- control of flood and mudflow in the ' ' '

Sacobia-Bamban and Abacan river . . | T VOLCANIC DISASTER 1
* basins; (2) to identify and prioritize '
projects according to their urgency and

refevance and-conduct feasibility study

\N.\L'I SlS

on the said projects; {3) to monitor the : m \ u:cmomc

, o s ; OF o
geomorphologic changes and sediment | COLLECTION -

_ balance in the Pasig river basin; and (4)
to transfer the technical knowledge and’

expertise of GOJ engineers o the  [dcatication of Critiedl ¥aard A;eal
: "(HAZARD MAPPING)

“engineers of GOP.

l " Sdection of Possible Measercs - J

. COINITIAL
. |ENVIRONMENTAL
ENAMINATION:

The target of the master plan for
mudfiow/flood control works are (1) to
ninimize the potential of disastrous

[ Dretermination of Peafect Scale ! .

‘mudflow and flood inundation, (2) to

. . “MASTER PLAN
limit the sediment deposition areas e L

wilhin the pr'e.semly affected areas and

to minimize the scale of structural CRAL MEASURE - - [Foxstavcronas srasvne
measures on'the basis of a good and | [SxobeBomben Roet arnins Sreic
. . ' ) & i 1 - Reinforcement of Stbctares Waniog Sysien
sound foresight of fulure development S Sand okt Srecues. : Evacustion Systera
. ] c . I Permanent Fload Control W\_ﬂs L . " \“k- .
of alluvial fan in-the low-lying area, |- | Avacon River System’ exctiement
o . S . “Restoration of Sabo Damg -
and (3) to effect future land use plan Reinfossecient of Dke Systone

and restore displaced faiilies lo their

. _ R R ,'B#siéi(‘onctpf_léfﬂm ﬁ!&si&éﬁah&'udy
original ‘settlements which are now o S '

covered with lahar,



(1) FIRST PHASE IN 1993

The Study Team commenced the work in the Philippines on Noveémber 15, 1993, The Department of Public
Works and Highways (DPWH) organized the Inter-Agency Steering Committee chaired by Undersecretary
Edmunde V.Mir, DPWH. Tn February, 1994, the urgent rehabilitation plan including sand pocket structures
was proposed to be carried out by the DPWH before the onset of the rainy season in 1994,

(2} SECOND PHASE IN 1994

From July to Décember 1994, the basic configuration of structural measure was formulated through the
monitoring of geomorphologic changes during rainy season of 1994. These changes were contained in the
latest topographic map with a scale of 1:10,000 prepared by JICA Survey Team on the basis of the
aerophotogmph in March 1994. Furthc‘rﬁmm, the present soc_io-ecohomi_c condition was reviewed through
the resettlement/poputation and initial environmental surveys. Other alternatives of structoral measures
including cost-bénefit analysis were submitted in March 1995,

(3) THIRD PHASE IN 1995

The optimum development scale of selected structural measures was reviewed throughout the feasibitity o
study period from June 1995 to January 1996, In the third phase, mo'nitoring of geomofphologic changes in
the Pasig-Potrere River was included in the Scope of Works of the JICA's Study in response to the request
from the DPWH during the Steering Committee meeting held en March 25, 1995, The Final Report was
submitted in May 1996 taking into consideration the comments from the Steering Commiltee meelings.

WORKITEM | 1m 1994 R T A N 11
FIRST PHASE ' '

Data Celloction _
Urgent Structural Plan R
SECOND PHASE

Field Survey and Monitoring -

Setoction of Possible Measuris

Forrmulation of Master Plan

Setaction of Priovity Scheme

THIRD PHASE

Field Survey and Moniloring

Feasibdity Sudy on Selorind Sheme

Flowcehart of the JICA Master Plan Stidy



3.2 PYROCLASTIC FLOW DEPOSIT

Three kinds of topographic maps, that is, (i} before eruption in 1991, (ii) after eruption in 1992 and (iii) after
cruption in 1994 were used for the estimation of the volume of pyroclastic flow deposit by Geographic
Information System (GIS). The bird's-eye view of the eastern stope of Mi.Pinatubo also shows the extent of
pyroclastic flow deposit field. The cross sectioning at an interval of 200 m was carried out by GIS, and the
volume of pyroclastic flow deposit was estimated at 1.40 billion m? in the castern slope of Mt.Pinatubo.

Pyroclastic Flow Deposit Volume
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i X
Bird’s - Eye View of
Pré - Ernption Condition
{ 1980)

Bird's - Eye View  of
Pyroclastic Flow Deposit

4§ N 142

Stereoscopic 3 - dimension

. 5 3
Bird's « Eye View of
Pyroclastic Flow Deposit
Field ( Aprif, 1994)

Stmos:topic - dinensional map (April, 1994
-8-



3.3 SEDIMENT DELIVERY RATE

In June 1991, the basin boundary before the eruption was disappeared duie to deep pyroclastic flow deposit as
high as 220 m at Bukbuc River, tribulary of the Pasig River, and a makimum height of 160 m at Sacobia
River. At the piracy point of Abacan and Sacobia rivers in 1992, so called the “Abacan Gap”, a small
escarpment had caused a degradation of 15 to 20 m and has facilitated the piracy by the Sacobia River. No
lahar has occurred atong the Abacan River cver since the piracy of the Sacobia River had occurred at Abacan
Gap. In October 1993, a hrgt,-scale landslide triggered by secordary oxplosxon had occurred, and lhe Pasig
River anncxed the upstream reach of the Sacobia River. In 1994, the secondary pyrochsnc flow buried the
valley of the Bukbuc River, while the Pasig River swerve d_mto the Timbu Creek. Dammed lake developed at
the confluence between Bukbuc and Yangca rivers due (o the large-scale sccOndary explosion which occurred
frequently due to contact of lake water with hot pyroclastic flow: ~deposit. . Bré‘aking of the dammed lake
caused a remarkable volume of lahar dvalanched to downstream areas of the Pasig River.

The annual sediment dehvery tale in the eastern slope of Mt Pinatubo from 1991 to 1995 shows no distinctive
decay rate in the total scdiment volume in contrast that in the Sacobia Ru er where sediment delivery rate are
reduced rapldiy after the river pisacy by the Pasig River. ‘The surplus sediment delivery rale’in the Sacobia
River may terminate in the rainy season of 1997 and by 1998 the delivery rate may be equ'ivalent to the pre-
enuption condition. |

Annual Sediment Delivery Rate Forecast of Sedivient Délivery Rute
RECORD | FORECANT _ 360 — ' T —
] Sacobia- . ~-®-- Pasig
Year Pasig | Abacan- | Cese-f | Case-2 : .
faste . _ 250 . | —F-- Sacobnzf-Abacan-Pasjng |
1991 30 so| sl g ——« = Prediction Case-1
1992 46 0 10 163 153 "é e Prediciion Case-2
1993 55 120 i 113 & 200 ’
591 Bop 138 o) m} 8
1995 ' 4 ey | 3
1996 F7 N B E .
1997 : 34 Fi} ¥ 150
198 : Bl asp §
1599 15 I ;:;S 3 e
5
2009 13 ? -« 100 - ) \r{ b I
& . : \\
Note ; 1) Case-1is the foreeast rple based on g ;
- ; ‘ 5 W
ailn(\fded data l’m'j 1981 4 IQ?S 9 5 | .8 ~_ |
2) Case-2 is the forecast rate excluding a2 AR KT _ \\ B
© anextraodinary value in 1994, _ . \___h""‘- N
3y Regression formala: o N I N F\“:..F'““
Case-1: Y = 3046 EXP (-0.312T) 0 : . . -
(Cwse-2:Y = 3251 EXP(0.3770) 1900 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

©Year

Annual Sediment Delivery Rate
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3.4 LAHAR CHARACTERISTICS

- Rainfall "Lahar” is an Indonesian term, defined as ... a rapidly flowing mixture of volcanic rock debris and
~water from a volcano“. Labars triggered by heavy monsoon or typhoon have been flowing into densely
populated areas of Central Luzon since (the major eruption of June 1991, although the toll of lives was small,
“enormous property losses and social disraption were recorded. The characteristics of Jahars in the Sacobia
“River from 1991 o 1993 were classified into two types depending on rheology of flow (PHIVOLCS/USGS)

-as follows:

1) chns flows has peak discharges of several hunduds to a thousand cubic meters per second, and
conlmmd aboul 60-65 % (rately, 70 m) sediment by volume.

2) llyperconccnlralcd flows had peak discharges of several lens to several hundreds cubic melers per
sccond and contained about SO % sediment by volume. Hyperconcentrated flows are numerically more
common, but the large debris flows carry a large part of the sediment deposit to downstream areas.
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“In the Pasig-Polrero  River, S PRTRLT THE S A
sediment sampling and laboratory o o
test were conducied at Watch
Point No.5, Mancatian (Angeles-
Porac Road), and the Santa
Barbara bridge (San Fernando-
Otongapo Road). The resulls

 shows a clear contrast of sediment

transport mechanisms as follows;
‘ : Lahar Samp!mg af Hanmtmn ( Augusl 8 1995 }

1) The Juné 3 lahar with sediment concentration of 58 % ny volume at Walch Point No.5 (riverbed slope
of 2 to 3 % ) reduced its concemrahon o 2".-' % whea the Mow reached Mancatian (riverbed slope of
about 1 %)

2) Qedlmcnl concentration of the August 25 hh'\r became higher as the flow lraveltd down to Mancalmn
sediment concentration of 30 % was observed also at the Santa Barbara brulgc (021003 % i in slope).

3The above phenomena result from the dlffercnce in ﬂow chamclensi:cs between mudf!ow and
_hyperuoncenlratcd flow as observed in’ the f:elds (1) at Angefes Porac road, mudflow reduces its
- concentralion with some sediment deposition;, ) lateral bank erosion may. increase the sediment
concentration of hyperconceltrated flow even on a riverbed slope of 1 %, and _(3) hyperconcentrated flow may
travel in the confired channel without shallow outwash éven on a gentle stope of 021003 %. | '
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3.5 RIVERBED PROFILE

In the pre-cruption period, a longitudinal profite of the Sacobia River frof the summit to an elevation of
about 1,000 nieters showed sfeep slopes measured at 10° to 30° and river channel was deep, narrow V-
shaped canyon.  Further down to elevations of about 200 m; the chanel stope decreased f) toim 6 10'1° s it
cuts throuigh the 600-300 year old non-welded pyroclastic flow deposits where the headwater (eibutarics of
Abacan River originate. At less than 200-metes elevations (rbughiy 8 kilmeters downsteeam), the Sacobia
River was 500 meters wide and eroded into old tahar terraces and \'vcll-indurated fluvial deposits until it
narrowed down to 30 meters at an clovation  of 100 meters. AC this point near Route No.3, about 25
kilometers downstream from the volcano, the Sacobia River was joined by Sapang Cauayan and the
Marimla rivers.

‘The catchment areas including tributaries of Sacobia-Bamban and Abacan rivers are enumerated below;

Sacobia-Bamban River Basin Abacan River Basin
Sacobia River Basin at Maskup  39.5 km? Sapangbato River Basin 19.2 ko?
Sapang Cauvayan River Basin -~ 20.8 km? ' Sapangbayo {Taug) River Basin 14,1 kn?
Marimla River Basin 67.5 kin? Residual Basin 39k
Sapang Balen River Basin 21.7 km? ' .
Residual Basia §74 km? ,

- Total 206.9 km? ' Total  77.2 kn¥

Note:  The upstream reach of the Sacobia River of 23 km? was annexed to the Pasig River in Oclober 1993,
© The catchment area of the Sacobia River Basin at Maskup was 41.8km? before 1993,
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In the pre-cruption period, the Pasig RIVERBED FLUCTUATION
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3.6 LAHAR DISASTER AREA

The lahar disaster arcas arc delincated (o show the additional covered areas yearly from 1991 to 1995 for -
comparison purposes.: Total lahar disaster arcas are estimated to be 11,753 ha in Sacobia-Bamban river
basin, 2,930 ha in the Abacan river basin and 9,700 ha in the Pasig river basin.
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A two-dimensional simulation analysis was carried out to evaluate the process of topographic changes and

5fl{)od!mudl‘low inundation conditions during the 1991-1993 lahar events. First, the situation of inundation o

(area, depth, sediment deposit, etosion, €1c.) were drawn for the 1991 and 1994 digital maps of S0 meters x

50 meters meshes for some selected cases of runoff conditions in the study areas of the Sacobia-Bamban and

Pasig rivers, Then appropriate parameters of the model were identified and applied to assess the effects of

structural measures {(proposed in (his Study) and the potential inundation caused by probable floods. For the

* pumerical simulation, the Study used the computer program of iwo-dimensional fleod and mtzldﬂow‘analysis ;

‘developed by this Study.

~ developed by Sabo and Landslide Technical Center of Japan and the resulls afe'presen_{e(i by the GIS
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3.7 LAND USE

Before the 1991 empnon, agriculture was the dominant land use in the Sacobia-Bamban and Abacan river
' basins. Rice and sugarcaie were the extensively EIOWN Crops. Cassava, sweet potato, legunw, fruits and
commercial crops were also planted. Muskmelon and wétermelon were grown at the Candaba Swamp
during dry scason. Rainfed and irrigated paddy rice, sugarcane, root crops, vegetables and fruit trees were
grown on the lower river terraces and broad attuvial plains. Rainfed lowland paddy was also grown on the
foot of volcanic hills and moderately sloping pyroclas‘uc hills. Other upland crops were grown on these land
management units. Forest, shrubs and gra<sland are extensive on the pyroclastic hill, volcanic hifls foot and
pyroclastic mowitain. Most built-up areas were located on the broad alluvial plams, residual terrace and
pyroclastic hills. |

‘After the eruption, agriculiural lands were seriously damaged by lahar deposits and sedimentation lrom
1991 (o 1993 in the study area. A total of $1,753 ha were damaged in the Sacobia-Bamban river system
‘while 2,930 ha were damaged in the Abacan river system. These areas were either covered with lahar or
“changed to grass land. Some farmers even experimented growing watermelon or sugarcane on the sediment

covered land,

The build-up area in Sacobia-Bamban river system and both sides of Bamban bridge wer¢ completely

damaged by lahar in 1991 and 1992, including the barangays of Sta. Rita, Malupa, San Martin and Magao in

Cancepcion.  On the other hand, river bank erosion of Abacan river in Angeles Clly destroyed res:denual
cslabhshmenls in 1991, and pariially in 1992 .

Sacobia - Bahlbaﬁ River Basin Abacan River Hasin
- (11,753 ba) . {2,930 ha)
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3.7 LAND USE

Betore the 1991 cruption, ueriendture was the dominant lanid use in the Sacobia-Bamnban and Abacan river
hasins, - Rice anid sugarcane were the extensively grown crops. Cassava. sweed potato. legume. fruits smd
commercial crops were adso planted. Muskmelon and watermelon were grown at the Candaby Swamp
durmy div season. Rainfed and irrigated paddy ice. sugarcane. root crops, vegetables and frunl trees were
erown on the fower iver terraees wnd broad altuviad plins. Ramfed Towland paddy was also grown on the
fout of volcanic hills and moderately sloping pyroctastic hills Other upland crops were grown on these Jand
nrngement units Forest sheubs and prasslnud are extensive on the pyroclastic hill. voleanic ilfs feot and
pyroclistic mountam. Mast bailt-up arcas were tocated on the broad alluveal phains. residual terrace and

pyroclastic hifs,

Alter the craption. agncuitural nds were sericasly damaged by lahar deposits and sedimentation feom
FOUT w1993 in the study areas A rotal of 11753 ha were damaged in the Sacobia-Bamban river svstem
while 2930 ha were daaged i the Abacan niver system. These areas were enher covered with Lihay or
changed o gries land . Some farmers even experimented growing waterinelon or sugarcane on the sediment

covered Lnd

The build-up wea i Sacobia-Bamban viver systen and hoth sides of Banban bridge were completely
damaged by Tohw i 198 and 19920 including the barimgays of Stie Ritae Matupi. San Martin and Magao in
Concepcion. On the other hand, viver bank evosion of Abacan river in Angetes City desiroved residential

establishments e P99 and parhally wm 1992
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37 LANDUSE

Betore the 1091 eruprion, agricadivre was the domnat fud use i the SacebicBamban and Abdcar s
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3.8 FLOOD AND MUDFLOW HAZARD AREA

Long-term flood and sediment hazard map was prepared for the Sacobia-Bamban, Abacan and Pasig river
basins as a guide and refcrence in disaster mitigation and development planning.

The Moad and sediment prone areas were analyzed based on the topographic conditien in March 1994, of
which a part of these areas were covered with tahar (disaster areas before March 1994}, in particular, sand
pocket area in the middle reach of the Bamban River, lower basin of the Abacan River and middle reach of
the Pasig River. Those areas not likely affected by flood and sediment hazards are areas having ground
surface elevation higher than the prone areas. '

The data contain the scdiment and

Anmnual Damage Curve

inundation depth for each 100 meters

x 100 meters cell in the simulation O . : : :
area. The maximum inundation areas 120 "““‘4
with return periods of 100 years were 7
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techniques. ‘ :é: %0
- The probable direct damage value for - gc
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CHAPTER 4 STRUCTURAL MEASURE
4.1 BASIC CONCEPT

In the Sacobia-Bamban river basin, characteristics of sediment delivery to the downslream areas are divided
inta three zones.

Sediment Source Zone : The remarkable volume of ashfall and py_rdclaslic flow deposits were confined in
the uppcrmost reach as sediment source. Although the ashfall deposit was one of the sediment sources
immediatély after the cruption in 1991, the pyroclastic flow deposit field is regarded as a major sediment

source to the downstreanm areas.

Sediment Deposition/Secondary Erosion Zone : Most sediment transported froin the sediment source zone
is being deposited i the sediment depositionfsecondary erosion zone for the reach 2 km upstream of Mactan
to San Francisco bridge. The spindle-shaped valley from Mactan to Maskup slores a remarkable volume of
sediment and provides sediment due to secondary erosion in the downstieam areas.

Sediment Conveyance Zone : The sediment in the conveyance zone is transported gradually through the Rio
* Chico River in proportion to the rate of river {low.

In the Abacan River, no lahar flow was observed since 1992 because a small escarpmerit, so called the
“*Abacan Gab", formed difference in tiverbed clevation of 40 to 50 m between the Sacobia and Abacan
rivers. Some pyroclastic flow deposits still remain in the upstream reach of the Abacan River which is
regarded as the sediment source in the fulure. ' :
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. The master plan of mudflow and flood control works was formulated under the phase categories which
include (1) wrgent works whic'h héve been carried out by the DPWH for the period from 1991 to 1993, (2)
short term plan to be carried out for the period from 1994 to 1996 before the overall proposed study plan is
implemented, (3) medium term plan which is cbmposed of overall mud flow/lood controf works and (4)
long term plan of rehabilitation and reconstruction of the affected areas.

Urgent Works : Rehabilitation: _— E—

YEAR
works by the DPWH for the | _ 1991 [ 1992 11993 [ 19941995 ] 1996 [ 1991 [ 1998 1999 | 2000} 2001 | 2007
period from 1991 to 1993 are
regarded as Urgent  Works. _
: . Sediment . | : : :
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. . . . . . ¢ e . : créas § 3 H H
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) . . _ B G
Region HI (RDCC III) and the [ 00 10 ¥
‘reselilenient plan by MPC are R () e 0 ooy ¥ M s
regarded as  non-structural - i
measure. T
: Urgent
Short Term Plan : Sand pocket Work
stractures al Bamban river basin o
were constructed by the DPWH - [ T
before the onsel of rainy scason in- Short Teem | g
: ith . Phan N & 0
1994. The structures coped with - " | Vit of Gonmesbetegie Chane
the changes in natural ‘condition | N
because . of uncertainties of : b \1(
producible volume of mudflow t6 | Medivm Term | ° ? Construciion of
oo . Plan : " | 15aboFloodCentse) Structures
iow-lymg areas. . | _ _Stdintnl_fon:rdlhd;!ﬂcn‘-'m"liRi\erlﬂurm: ling
Medium Term - Plan : The ‘ : LY : N
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4.2 SACOBIA-BAMBAN RIVER BASIN
'4. 2.1 Short Term Plan

A diking system has been constructed along the downstream rcaéhcs of Bamban and Abacan rivers
from 1992 to 1993, while sand pocket structures in the middle reach of the Bamban River was
constructed before the onset of the 1994 rainy scason.  In 1995, the main problem noted was the
reduction of clearance of San Francisco bridge in the Bamban River and the lateral erosion of the
Abacan river banks along Angeles City.

ARSI RN TS S PR E ey

{5 Pirees_Peini bowern Dusig and Sacobia l .
g A7, Pinatshe

. The upper calchment’ of the Sacobia river
basin of 22 square km was annéxed fo the
" Pasig River Basia in October 1993,

ATEEETEREEWE
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A2 downsiceam End of Pyroclastic Flaw Drposit]

e AT I
{ Sepang Bato River)

3 ol
a §£
i 5 : Feach & H 2 iahin
A - ’ : ' =" {s0rm) 160 %m}
o ( Saparg Bayo Rivar)

Lahdr gencrated by heavy rainfall on
crodible pyroclastic Mow deposit posed
grave danger to human lives and properties
int the {ow-Fyinyg areas. '

f.ahar “deposit  in the
- spindle-shaped valley

beiween Maskup and

Mactan was estimated at

100 million cubic meters in

1995. The Sacobia River
© {lows dircelly into the sand
" packet area.
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Francisco bridge was ¥
reduced 1o 70 cm ¥
.afier the passage of 5
Typhoon "Muameng”
-in October 1995,

N\$erd Pockel

Magazrg

.

Sedimient deposit of & million cubic yeters was
obscrved in the sand pockel struclure in F994.

Sediment Zone

E; Tlans'l-on .
7] Conveyonce

Canfiuerae

i
!
|

¥

Wi iﬁm Chico R,

P R.

RQ@

.04 .

Routc 329 is thc only artcry conncctmg Seuth
with Nerth Luzon since Routc 3 was buncd
with lahar in 1991,

Collector - channels  were  constructed  ip
199411995 10 casc the river flow of the Sacobia
River to the Sapan Balen River.

The Sapang Balen River flows down along the
right bank of the Bamban River,

Rnerbed ageradalmn was obscn' *d in ihe Iomr
reach of Bamban River. It finally joins inlo the
Rio Chico River,



4.2.2° Mediwm Term Plan

For the medium Term Plan, combinatioh of structures was adopted on the basis of cconomic
comparison. The objectives of puiting up these striictural measures are; (1) to store the unstable
sediment in the river stretch between Mactan and Maskup by the construction of a consolidation
dam, (2) to reatign the Sacobia river channel into the Bamban Rivet for the restoration of sand
pocket arca, and (3_) to mainla_in the prcst_:ni tiverbed elevation in the whole stretch of the Bamban
River. These structures were designed to ensure he safety against a flood with 20-year return
periold._ Principal features of the stnictural measures for the Shoit and Medium Term Plans are

shown in the next page.

To catry out such plans, periodic topographic surveys and water samplings are required to elaborate
the dimension of structuces in accordance with gecomorphologic changes and riverbed fluctuations in
the Sacobia-Bamban River such as the figure shown below. *
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4.2,2 M:’(h'hm 'I'w*)n Plan

For the mcdivm Termy Pl comluaation of stractores wis adopted on the basis of econong
compatizon The objectives of putting up these stinctaral measures are: (1) o <tore the upstable
sediment m the pives streteh between Mactan and Maskup by the constraction ol a consalidation
dam, 23 to readign the Sacobia civer channel mto the Bamban River for the restoration of sand
pocket arca. and €3t maintain the preseat riverbed clevatton i the whole steeteh of the Bamtlu
River. - These stouctires were designed to ensure e safety agamst a flood with 20vcar weturn
ported.. Principal features of the stiucturad mcasures tor the Short and Mediunt fevm Phans are

~hown in the next page

T'o ciany out such plans. pentodic topographic surveys wd water samphings are 1equired o elabarate
the dimension ol structuges i accordanee with veomo phologic change<and oiverbed Nuctuations m
the Sacobia-Bamban River such as the figwre shown below.
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SHORT TERM PLAN (PHASE 1)

'(1) Sand Pocket Reinforcement Works
Rotite 329 Road Dike . 1.65km long
Lateral dike 5.96 km long
Reinforcement of Dike  12.5 km long

(2) Sapang Balen River Improvement

Strai _ghlching 2.0kmlong
Slope Protection 1.2 km long
Bridge Rehabilitation 30 m long
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MEDIUM TERM PLAN

(1) Sacobia River Training Works
Consoli. Dam  3.7m (H), 490m (W)
Groundsills 6 scts
Channel Excavation 5.2 km long

(2) Bamban River lmprove_mcnt
Channel Excavation 3.4 million n
Slope Protection 29.2 km long

Dike Raising 6.0 km long
Dike Reinforcement 12,5 km long
Spurdike 12 sets

(3) Sapa'ng Cauayan River Improvement
Slope Protection

(4) Restoration of Route 3

3.6 km long (2- hm,) with 2 bndgcs

27 kmlong
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SIJ’()RT TERM PLAN (PHASE )
(1) Sand Pocket Renforeenient Works

Route 329 Road Dike

Foateral dike

Rewnforcement of Dike

(23 Sapang Balen River
Stratehtening

Slope Protection

Bridee Rehabilition

e
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1.65 ke tong
590 km tony
2.5 ki long
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MEDIUM TERM PLAN

(1) Sacobia River Tramping Works
Consoli, Dam 3. 7m (1D, 490m (W)

Crrounidsills G sets

S22 kmlong

{2y Bamban River Improvement

Channel Excavation
Channe!l Excavation 3 miltion m?
202 K fonye

66 km lony

125 kmlong

Slope Pratection
Dike Raising

Dike Remnforcement
Spurdike

12 sets

(3 Sapang Cavayan River Improvement

Slope Protection 2.7 km long

S Restoration of Route 3

2.6 km tong (2 kaney with 2 bridges
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4.2.3 ' Long Term Plan
( i j Road Netsvork Development

The extension of North Luzon
Expressway was introduced in the
- "Integrated Plan for the Mt.Pinatubo-
© Affected Areas " (MPC). It aims to
improve the capacity of the existing
~ North  Luzow EiprcSSWay and o
providé a direct access route to Clark
Spcciai Economic Zone and the
provinces of Tarlac and Pangasinan.

"In’ the Central Lvzon Regional
~ Development Study (JICA, 1995), the

exteasion of North  Luzon

Expressway was also considering a

~top priorily. The alternative routes

between Dau and  Bamban  were

delineated primarily 1o take info

" account 1hc_-futin‘e development plan -

- of Clark Special Economic Zone.

!

(2 )'Agricu!!mﬁl De‘;ve:fojméeré! }’r_ojéct'

Exicirg Fagranay

Alenaie Lo
of Frgeorriay

aenhange

T

Camcwn® i g
Sk

Coroneedd drigyice
Fog s

Exteasion of North Luzon Expressway

A Santa Rita pilot fifm at Concepcion, Tarlac is being demonstrated as an integrated agricultural

development project. The pilot farm to be established in Santa Rita is envisioned to identify and experiment

the suitable crops on {ahar covered areds of 1.5 to 2.5 m deep. It is also aimed to encourage lahar affected

farmers to plant suitable crops based on the result of the crap experimcental warks.

The pr(fp_dsc_d projects of 2,090 ha are organized into three Communal .lrrigation‘ Projecls {CIPs) in sand

‘pocket area. The source of irrigation water will be ensured by the ‘intake steuctures in Sacobia and Bamban

rivers.  Although lahar depesit is expected to be 1.5 m deep at present, rainfall and supplémental

gEoundwalcr ensure the potential irrigable arca of 1,540 ha. The proposed eropping pattern and farming

technology including the type of crops to be planted will be scrulinized based on the results of the

experimental works in the Santa Rita Pilot Project,
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(3) Tourism L ‘ '

The damming of Marimla and Sapang Camynn ri»'ets by the ae'gmd.'nion of the Sacobia River has led to the
intermittent formation of lakes. The d'ammed lake al Sapang Cauayan River maintained ils storage of 7
million cubic meters at El. 90 meter. This lake may exist lemporarlly and is expected to become smaller
year by ycar due to the erosion’ of the lake outlet. Permanent structure such as consolldal:on weir may be
- fequired at the lake outlét in order to keep the surface water level of lake at its ‘present condition. - The
~ eruption of Mi.Pinatubo and its tremendous devastation to the surroundmg areas as well as its global effect
| on climate change is enough reason for scmnusls as well as forugn and local tourists to ﬂock the qrea In
addmon, land lransfonmilom paved the way lo ihc formation of artificial Iakes. As far as the safely of
' chmbmg Mt Pinatubo is concerned, Sight—seemg network linking the mountains and lakes will be organized.

H .F{«'ﬂ?&'@}‘ﬂ'&?:’% ARSI NN B R

Danmed [akrf‘ in the Sapm: (‘ém’x_ran River
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4.2.4 Implementation Schedule

Orgahization and Management

The Project would be managed by the Mt.Pinatubo Rehabilitation Project Managemcht Office (NiPR-PMO),
DPWH. Qualified consulting engincers would be appointed to prepare final desigas and specifications and

supervise construction.

Timing

As shown in the bar chart below, some rehabilitation works have alteady stated under the 1995/1996
program of the l)_PWH. “The reconstruction of San Francisco bridge has just statted in November 1995 by
'DPWH under ADB’s finanéing.- The project would be conpleted by the end of 1999 assu;ming that annual
workable months are 8 months during the dry season from November to June while the excavation work for

maintatning channel cross section was estimated to be 1.5 million cubic meters for 9 years. Economic

comparisan of alternative options have shown that the viability of the chosen phasing is relatively insensitive

- 10 the phasing of construction.

Implementaion Schedule for Sacobia - Bamban River

WORK ITEM

Year

1995

1996 | 1997

1998 | 1999

' ! | Re:’;(fbrccm.én! éf Sand Packet
2. Sacobia Rh’je:.' T;';tir:iirig Work
4 .Bnn‘:bém_ Rivef hnjnbv?nrenf
4, Sr.:p.:mg.Bulm River Improvement
f5' Sapang Cauayan River Improvenient
6. Rerbnsn'ucrion of Bridge
7. Restoration of Ronte 3 B

8 Maintenance Works

San Francisco

bl

Bomben / Mabalicat |

Note:' BZZZZ indicate rainy season -

59 .



4.2.5 Project Benefit

Cost Estimate

Capital costs were estimated 1o be about 2.8 billion Pesos as summarized below. Costs ar¢ based on the
price level of November 1995, Exchange rate converting foreign currencics into local currency was US$1.00
= 25.0 Pesos = 100 Japanese Yen. Unit price method was applied to the cost estimation of miain civil works.

" Benefit, Estimated Rates of Return

The benefit to be accrued from the implementation of the Project was defined as the reduction damages of
the direct and indirect caused by flood/mudfiows. The damage under the with-project conditions was _
assumed to be zero under the design flood of 20-year return period. Benefit-cost comparison showed the
econemic internal rate of return (EIRR) of 16.4% under the net present vatue discounted at 12%. The pn‘ojcét
was also justified by sensitivity analysis for varying both the benefit and cost of the Project.

CAPITAL COST ANNUAIL DAMAGE
. { Unit : million Pesos) { Unit : million Pesos )
' Projed Component Cost | ' ~ Type Sl Amount
1) Main Construction Cost 1,930.98 ‘1 Direct’ Damage
'2) Land Aquisition Cost | 3420 | 1) Building | s1Lo9.
' 2) Crops & Livestock [ 19.00
| 2) Administration Cost 198.26 3) Infrastructure S T v A
4) Engincering C:osi. 193.10 2 Indirect Damage
'5) Physical Contingeincy 215.83 _ i) Evacuation & Cleanup) 8.62
. " 2) Less of GRDP 7.25
6) Price Contingency 6176 | 3) Detour Cost | 76.77
Total | 283413 Total 179.79
| Note : Price level in November 1995 Note : Aniual Jamage for 20-years flood

.30



4.3 ABACAN RIVER BASIN
~4.3.1 Structural Measure |

~ Ten sabo dams were constructed in the tributaries of the Abacan River for the period from November 1991
to June 1993, Some sabo dams have been repaired almost every year duc to deterioration of materials and
local scouring. Reconstruction of the selected sabo dams with high priority for sediment retention are
incvitable as permanent structures as follows: Sabo dam No.9 (Abacan River), Sabo dam No.6 (Sapangbato

River) and Sabo dam TM-1 (Taug River). - Retaining wall will also be constructed against bank crosion
along tributaries.

Along the Urban' Arca of Angeles Cily, a channeling work to stabilize the channel alignment is proposed.
‘The channel is designed as trapezoid-shaped wilh slope prolection of wet stone masoncy type. In the
downstream reach of the Abacan River, some bridges aré scheduled to be recanstructed while the excavation
work for maintaining channel cross section was estimated to be-2 million cubic meters for 5 years.
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At the piracy point
of Abacan and
Sacobia rivers in
1992,  {Abacan
Gap), a small
escarpment  has
caused a
degradation of 30
meters in 1994 and
has facilitated the
piracy by the
Sacobia River. No
lahar flow occurred
along the Abacan
- River ever since
 the pitacy of the
~Sacobia River had
occurred at Abacan
: Gap.

“Sediment samplings at 1995.)

P e e PSR E 5%

Mexico spiflway was buried with sedimént. Annual sediment deposition is estiviated af 400,000 m? of Mexito Spiliway in the
downstream éad of the Abacdn River, ( July 6 and November 3, 1992 )
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432 I_mplemenmri(m Schedufe

Orgqmmlion and Managenent

The Project would also be managed by the Mt.Pinatubo Rehabilitation Pro;ect Mamgcmem Office (MPR-
PMO), DPWH. Qualified consulting engineers' would be appointed to preparc final designs and
specifications and supeivise construction.

Timing

Bar chart shows the proposed implementation schedule. Some rehabilitation works of fiver structures have
already been scheduled in the 199511996 program of the DPWH. Some brldges are reconstructed by DPWH
under ADRB's financing, The prolecl is expected (0 be compleled al the end of 1999 assuming that annual
workable months dre 8 months during the dry season from November to June.

Implementaion Schedule for Abacan River

Year
1995 | 1996 | 1997 | 1998 |- 1999

WORK ITEM

Reconstriction of Sabe Dam

-

1) Sabo dam No.6 : - B I
2 Sabo dam Ne. 9 1. m

“3) Sabo dam TM - I | A
2. Pratection Works in Middle Reach
3. Flood Centrol Works in Lower Reach

L Pandan Hensonville
4. Reconstruction of Bridge

Maintenance Works

“n

L W wred sl KRN B2

Note : 7777} indicate rainy season.
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4.3.3 Project Benefit

Cost Rstimatc

Capital costs were estimated to be about 1.0 billion Pesos as summarized below, The cost of the Project in
the Sacobia-Bamban River was bascd likewise on the price level of November 1995, Exchange rate
converting foreign currencies into local currency was US$1.00 = 25.0 Pesos = 100 Japanesc Yen. Unit price
method was applied to the cost estimation of main civil works. '

Benefit, Estimated Rafes of Return

The benefit to b accrued from the implementalion of the Project was also defined as lhe_reduclion of the
direct and indirect damages caused by flood/mudflows. The damage under the with-project conditions was
assumed {0 be zero under the design flood of 20-year return period. For the agricultural benefit, !'he_ saving
of crop damage occupies mote than 20% of the total Project benefit. Bengﬁi—c‘osl comparison showed the
economic internal rate of return (EIRR) of 24.1% under the net present value discounted at 12%. The project
was also justified by sensitivity analyéis. |

CAPITAL COST " ANNUAI. DAMAGE

( Unit : rﬁififon Pesos } : ( Unit - million Pesos )
“Project’ Component Cost Type | Amount
])‘ Main Construction Cost 680.00 1 Direct Damage
2) Land Aquisition Cost 750 1) Building : 58.45
S . | 2) Crops & Livestock 23.66
3) Adminisication Cost A | 3) Infrastricture - 1639
4) Bhgineering Cost 68.00 2 Indirect Damage
5) Physical Conlingency - 15.55 L} Evacuation & Cleanupy 9.17
: 2) Loss of GRDP 7.70
6) Price Contingency , 13963 :
Total | 100505 - © ol 1537
Note » Price level :'r.: November 1995 "~ Note :A_nmmi damage for 20- years flood
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CHAPTERS NON-STRUCTURAL MEASURES
5.1 LAHAR/MUDILOW WARNING AND EVACUATION SYSTEM

The Regional Disaster Coordinating Council in Region HI (RDCC-111) is the inter-agency organization for
flood/mudflow warning in (he Mt Pinatubo affected area. The system is mainly divided into three
organizations: namely, (1) Monitoring system, (2) Warning Dissemination System and (3) Evacuation Syslem.
‘After receipt of the monitored information on lahar and heavy rainfall, the RDCC-HI disseminates the
lahar/flood warning information to governmeni agencies in Region 111, PDCC, MDCC and BDCC. - The
warning message is also transmilted through the hot-line telephone system linking (he radio stations in Manila.

MONITORING

{.ahar Monitoring * Information on Weather : Rainfall
at Waich Point Volcanic Activitics Information _ Data
by by “by by
AUPPNP PHIVOL.CS/USGS PAGASA QCDAICA
Radio Link Radio | Fax. ' Telemeter
. Link to
- Camp
_ Olivas
LAHARTLOOD WARNING .
1
- e 3 I GOVERNMENT
NDCC Lo Radio RbCCn Radio | AGENCIES
: ’ | ¥ “Link in
Camp Olivas . Region HI
L . Radio
PDCC ~ Link
. by -
" Province ] .
Emergency T Radio
- Broadcasting © MDCC | - Link
_S}‘_s[em : R by - [ -
o (hBS_)_‘_ Municipality
- —_-. Radio
BDCC | Link
] b)' .
Narangay

Radio Link___|

EVACUATION

NGO . el oeNP o fee o 1
. Notwe -
. PRNP :Phlhppme Natiobal Police

P PHIVOLCS : Phitippine Institutes of Voleanology and Scismology
* PAGASA ' : Philippine Atrhospheric, Geophysical and Astronomical Services Admmacmlmn

ocn - Office of Civil Defence

NDCC : National Disaster Coordinating Council
RDCC-IN : Regional Disaster Coordinating Council
PDCC : Provincial Disaster Coordinating Council

MO : Municipal Disaster Coordinating Council
BIXC : Barangay Disaster Coordinating Council
NGO : Non-govemnmént Organization

Organization Chart of Warning and Evacuation System
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'5.2 RESETTLEMENT PLAN

“The Mount Pinatubo Commission
{MPC) was established in Qctober
1992, The MPC is mandated to
assist dislocated ' families in the
‘communities damaged or destroyed
By the eruption and its after effects.
The MPC formulated an "Integrated
Plan for the Mount Piliatub_o
Affected Areas” in 1994, The Plan :
was ofganized into three major -
rehabilitation programs; namely,
infrastructure,  livelihood  and
reselllement. |

 The MPC admihislcred resettlement sites.

—
W

2

Numbers aof Families ( thousand )

‘Resettement Families in Region Hl

“199 T
Year

In 1999 H 60{) f'mnltes stayed in cvacuatmn centt‘rs and

8,000 families were housed in the resettlement arca, Since m*qonty of the dislocated  familics are

tillers, some cxprcssed dissatisfaction on the land given them because of the lmdcquacy of hnd for the

entire affected p0puhtlon Most of the relocation sitcs merely provided homelots.

Livelihoad support in the past four
_years showed that the n‘eé:d to provide
~facility  requirements particularly
“housing in resetilement site has been

given’ priority. Unemployment rate ;
‘remained high among the affected
‘and résettled families. Figst, this can -

be atteibuted mainly to the closure of
the US Military Bascs which ¢laimed
42,617 jobs. Secondly, the loss of
-agricultural lands due to lahar caused
~-many farmers lose their basic source
of livelihood. * Finally, daily food

raiions resulted to dependence on

external material assistance and less
initintive to work.

Prodﬂc'livily centers were proposed
10 attract domestic and foreign
investors within the sesettlement sites

and provide employment for settlers.

Dy
ct

T I PRI

Resetifement Arca

BT STy AR TR T

Dzs!omred Peop!e in the Resettfement Area



CHAPTER 6 ENVIRONMENTAL CONSERVATION

‘A number of potential environmental
concerns were considered, as indicated in
‘the table on the right. The major concerns
include the effects that the dike
consolidation dam could have on traditional

and

resource users and on biophysical resources,
An important concern would alse be the.
restoration’ of an irrigation system for
agricultural pmducts in sand pocket area anid
withdrawal of irrigation water.

- Careful choice of work on location would
minimize any oexisting impacls - after
: cnfpiioxl. The mitigative structoral measures
would be implemented during the reali;atioh
of the cphccms._ Asa f_csuh, cunwlative and

residual impacts would be insigli'ificant.- The

positive effects  would increase land
settlement opportunilies, improve living
_condition, and increase food production for
domestic and ckp’orl markels. i’rojéct effects
would be ess’ehtially gcnder"neufml in order
to restore the social and economic activities
before eruption. - ;

X RS b4

Demand on Project through Public Hearing

A. Environment & Sanitation
1) Waste water management
2) Greening of rehabilitated areas
1) Planting on the dike
B. llealth and Nutrition
I} Health center with complele medicine
2) Comniunity - based health prograni .
C. Livelihood ‘
‘1) Community - based cooperalive managemém
D. Agricutture (Farming)
) Irrigation and drainage canals
2) Approgpriate technical support
- 3) Introchuction of high values crops
E. Youth and Sposts
1) Enhancement of sporis activities
2) Vbcaiional inslitute on skills development
3) Sports and youth centet '

'F. Infrastructure

1) River dikes and sabo dams
© 2) Protection works of river banks |
3) Additional schoo! building
G. Educaiion, Woman and Family_
I)Train'ing of family - osicnted income -
© 2) Woman's bonlribulion o farfnihg system
" 3) Codperative store for marketing products

Natural Color Composite of Satellite Data { Left: Jastuary 1990, Right:April 1993)

- 837 -




CHAPTER7 RECOMMENDATION

STRUCTURAL MEASURE

( monitorING )
Although the proposed plan was based on the N T

sediment transport forecast, there woukd still be 4(

" uncertainties in the estimate of volume of

. . _ PLANNING a
- sediment as well as changes in topography in the T T T AR
valleys, river channels and sand pocket area. It ' Y
: ig -recommended that periodical lopographic [ CONSTRUCTION
survey and water sampling be carried out by the N T ey o
‘ DPWH. In addition, although minimal, there _ \'/ :

“are’ still some chances of recapture of the

[MINTENANCE WORKS )

uppermosl basin of (he Pasig River, hence

careful monitoring of the whole aréas

SAFETY
‘ against 7
A FLOODIMUDI‘LOW

parlicularly the eastern slopes of Mt. P:mlubo is

needed

A'fler' the construction of the  structural

measuns maintenaiice works are indispensable —

to ensure the good condition of the structures and to serve their purpose as phnncd Although ﬂbo dams and
dikes were designed as pcrmancm structores, unexpected changes in the riv erbeds or topogeaphy might occur
and require réconstruction or removal of these structures as the opportunity ariscs: Rewew of the master p1an
_would be carried out ev ery 10 years. '

NON S TR v CTURA L MEA S‘URh

. The NDCC does not have at lhe moment enough C’tpablc personncl and lhe capablhty to esl'abllsh diswster’_
- management plan because of financial constraint. The expansion of the NDCC will need expcnenced and
knowledgeable of; ficials to educate the local government uni(s on this aspeet.

Pinatubo hazard is characterized by predominant secondary disaster which is triggered by theavy rainfail.

: Major problem on ainfall observation network in the Philippines lics in the maintenance of the equipment,
‘ cspccnlly in the cas¢ of telemetered cquipment,  The rainfall radar system which will cover the Pinatubo
hazard arca will be one of the best solution in monitoing and in forecasting the rainfall for lahar/mudflow -
warning. ‘ |

" Remarkable activities in evacuation and resettlenient have been carried out by the NGOs in and around
Pinatubo hazard arcas. Recently, an NGO network of disaster prevention was being expanded not only to
' Pinatubo hazard arca but also to the entire country. It is necessary therefore for government ageacies to
coordinate with the network for efficient relief operation and evacuation.
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