even in the worst case where the cost is assumed to increase by 20% and the benefit is
assumed to decrease by 20%.

9.94 IMPLICATION OF ECONOMIC EVALUATION

(1) "Present Status”

1t is to be noted that the project benefit to be accrued from the savmg of the probable
direct damage was computed on the basis of the present (as of end 1994) conditions of
the Study Area which is being covered partially by lahar deposit. Therefore, in such an
area as Mexico municipality where a wide lahar deposit cxists, the probable damage
counted in the economic analysis is far less than that to be occurred under the pre-
eruption conditions. In other words, there are less probable damage remaining in such a
hieavily damaged arca, which worked to reduce the EIRR of the Project.

(2}  Evaluation of the Project

More than half of the total Project benefit is expected from the saving of probable

building damages to be occurred in the probable inundation area which includes some

urban and lowland areas in Mexico municipality. Some lowland areas in Angeles city are

. antributed to the said saving of probable building damages as well.

Average Annuat Damage for 20-Year Return Peried (Pesos million)

Building Crops & Infra- Evacuation Lossof . Total
_ - Livesiock struclure Cleanup ©  GRDP . _
58.45 23.66 '16.39 937 il 11537
(1% Q2% (14%) L {8%). (19%) - (100%)

‘ The agncullural benefit i.e. thc savings of damagc of agrlcullural crops occuplcs more
“than 20% of the total Project benefit. Lowland farm lands in Mexico and S'ml'i Ana
- mumc1p'almes are expected to be rel:cved from floods. :

) 3 Physical Bcneﬁ

L The Project bcneﬁt was estimated by the savmg of prob'iblc direct and mdirecl damages
caused by the probablc flood and/for lahar with a scale of 20 year-rctum penod The

o consequcm physical benefit will cxlend to lhe {ollowmg

N Popuhuon to be relieved i‘rom mundauon : 20, 800 (18% of Study Area)

: 2)  Numberof household to be relieved’ ¢ 4,100 (20%) _
3 1.and area to be saved from inundation 202 square km (23%)
4) Farm land to be saved ¢ L,500ha(15%)

In summing up, the Abacan Project will relieve 20,800 persons of 4,100 households

- from suffering the inundation and will also save 29 square km of land in which 1,500 ha :‘
© isa farm land :

" . The road traffic will become possible to maintain the normal order, whxch is absolutely
- necessary for economic aclivilies of the region and also for the daily life of an ordinary
. people.” With a security of safety from the natural disasters, investments with a longer

~ time span consideration would become possible. The most valuable benefit of the Project
seems to be that many people can be free from the risk of losing their tives lhough itis
not included in the benefit computation.
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Table 9.1 Present Condition of Bridges in the Abacan River Basin

Bridge Route  Condition _ _
(Statlon) afller Present Condition Remarks
Eruption
(1) Friendship City Rd.  Heavy 1) Existing RC channel 1} No construction of
(25+300) damage for bridge (FANSVErse siress
acooss oad 2} Construction of the 2} Insufficient span length
and temporary sabo dam for - of the existing bridge
foundation protection of bridge for the Japancse
: foundation Structurat Standard
3) Bridge dimensions, L= 3) The existing bridge
200m (19@ Hm), W= location is no good for
8.15m (8.7 + 675 + malinfluence of two .
0. direction tusbulent flow
from Sapang Bato
: River and Taug River,
(2) Hensonville  City Rd.  Bridge 1) No access road 1} No restoration plan
(22+600) " collapse .
{3) Abacan RL3 Bridge 1) Reconstruction of PC
(21+600) collapse girder bridge
2} Bridga dimcasions, L=
230m (4@40m +
2@35m), W= 18.0m
T (15473410473
"+ 1.5) :
" {4) Pandan - Re.313 Bridge 1) No bridge o l) Designed location is no
(194900) coltapsc 2) Detailed design under good because bridge
"ADB Loan wicckage and cxisting
3) Futwee bridge transmission line will
disnénsions, L= I20m be disturb the -
{3@40m) / W=9.54m construclion.
. (L1 + 732 +1.41)
(5)Capaya .  North Damage for 1} Existing RC stab bridge
~ (174625) ¢ Luzon  abutmenton  2) Bridge dimensions, L=
P-4 1 Express- - rightbank 210m (14@15m), W=
way ' 169m(025+ll9+
L e , 025 . . ~
{6} Ninoy =~ RuL3 : Buried in -1} Construction of RC . b Unfm orablu ACCESS road
. Aquino riverbod slab bridge . alignment on left bank
(74831) 2} Bridge dimensions, L=
210m (8@ 15m), W=
C9.54m (111 + 74 +
: - 1D
(1) Mexico Rut10  ~ Baredin 1) Construction of 1) No restoration plan
(C+611) riverbod Temporary bailey ' :
: bridge and existing
spillway
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Table 9.2 Project Cost for Abacan River Basin

i _ : i.‘nit 1_Pesos
F.C. Portion 1.€. Portion Total
Tork [ters Upil  QuaBLEty ~rrmv-msss wrmeses smsidoiaem soaseioeos ceasisoaos eeseooees
- e [ait Cost  Ancent  Unit Cost  Asount _Enit Cost Apcunt
1. BALK CONSTRUCTION CoSt 401, 430, 335 272,516, 835 §19, 997; 170
1.1 Preparatory Totks Ls. 17, 186, 536 it 848, 358 _ B 563,00,
1.2 Main Tarks 350, 200, 126 236,974,181 __541, 301, 887
.2. [ Reconstruciion of Sabo Pass 9. 733, 420 47,048, 016 143, 786, 436
{1} Sabo Dam No.§ b, 66), 9471 5943 426 12, 608, 373
1) Steel fall and Tie Ruada [4) 61 31,600 1,891,000 £, 040 368 44 - 37,040 2,259, 440
1) Reiaforced Concrete ) 803 2735 2.201.615 2,969 - ¢ 330,043 514 4,581, 720
3) Plain Concrete 8 158 ChL620 1,224,724 2,482 1,876,332 4102 310l 02
4} Gablon Matllress Led 132 ‘L2 522, 780 597 257, 904 1. 807 780, 624
53 Others Ls. B2, 832 1, 030, 843 1,872,477
(2) Sata Tus So 9 . 1s. _£4. 250, 769 27,857,532 92,108,296
1) Steel Sheet piling 6 28020 1. 260~ %, 505, 200 44 4.0M, 880 1404 30,340,080
2) Reinfurced Concrete [N 4,4% 2,735 18185110 2,554 13,148,794 5,704 25,245,904
3) Plain Concrete [ 1, 540 1628 078,000 2,482 4,715,800 4102 7. 793, 80d
4} Gabion Natiress [} 3,834 L2ih 4693640 P58 2,318, M8 1,801 7,018, 383
53 Fubble Conccete type Stepe Protection (X} €35 . 2550 1, 13%.91% 1,968 I‘ 344,080 4,571 3, 102, 993
£) Othess l.s. 1,309, 9 2,789,230 8§09, 134
(3) Sato Pea THL . ' b s _ 25,823, 704 13,947,058 33,472, 762
1) Steel Shect piling 8- 1242 1,260 14127, 180 1 LBl 528 L4dd 15, 744, E48
- 2) Reinforced Concrete ' rd 852 2,735 L618,120 2,663 1,797,648 5 704 % 376, 163
© 3 Plain Concrete - . (5] 4913 - L6200 5205060 2,482 7,974, 666 4,102 13, 119, 128
&) Gabion Yattress : (4] 2,150 ° 432 428, 800 ST 1. 282,550 1,02% 2,212, 3%
9) Cikers ' s 5943, 604 £16. 666 4, 56%, 270
1.2.2 BarX Eroslen Protection Torks - 43,746,553 30,254, 827 78,091, 380
. © o in Upper Reaches - .
"41} Gabion Tipe Slepe Proteciion e 3000 142840 285,500 8662 24, (36,600 21491 64,472,100
(2} Futble Concrete Type $lope Protection ® 1.5%0 5 603 8455093 {019 6088277 9,622 14,529,880
i.?._S Irainirg Forks {n Angeles €ty Coe 7900 13,512 (06, 741, 184 WL 79,878,352 22620 183,6!9. 525
1.2 4 Sleoe Frotection ia Loser/iiddle Reach | P 12600 5258 65,251,700 A 861 48, 642, 490 S 119 114,854,600
1.2.5 Dike Reinforcepent Forks : e 18400 835 17,204,000 905 16,660,800 - 1,840 33,861,800
1.2 6 Bensonville Bridge Yorks . © e 1040 VTS0 IB6SL.ESY 19,810 14,486,266 3,580 - BM 138135
1.3 Nisceltancous Yorks - Ls. ST T N - I (¥ 118 1V 58,130,189
2. LD tmmmox (Soil Bart) Y 00 © 0. 8 T5,000__7,500.000 75000 7,500,000
© 3 ABISISTRATION st C ' 8 M, 74.859 34, 374, 859
4 ENCINEERINS SERVICE msr o 66, 199,145 R ¥ 1N 1) 61,893,141
5 HYSIEAL com\cs\u c 46,863,008 - R psneal 115,849,689
Total 515,548, 658 M3,873.348 865, 421,43
§._FRICE CONTINCERCY : 29, 138,900 100, 435, 000 138, 632, 660
Ground Total 439, 358, M6 1,005,054, 43

o 534,684,088

T. WAINGZNANCE IJ!\KS (Desitting Varks lruﬂ 153§ to l'SgQ}

00, 000

)

128, 900, 804

B0 . 120. 600, 006

Tote:
(1) Preparatory Vicks ;
(2) Bisceilancous ¥orks |

" 4% of Bain Yorks
: 10% of Pain forks

{3) Moinistration Cost = Yof I and 2.
(4) Engincering seevice {ust LTI AR
SMs el 1, 2. and 4

¢5) Fhysieal Contirgency
28) Frice Condingency
{13 Exchange Rate
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Table 9.4 Probable Flood Damage for cach Return Period

U Passs 1043
Crops i _
Bulktings Livestork Infrasiruciyie Total
Value d Assels 830615 127510 “@rn I3
Relufn Parod '_
2years 60,557 25,723 17,753 104,076
5 61,125 - 28505 18,763 114,393
0 83414 21815 213%2 13511
20 143,345 30,011 25,155 1634811
- 50 162,813 695 3615 FE LY
100 233 827 33,165 32786 /LB

Table 9.5 Estimated Average

Annual Damage wnder without-Project Conditions

{A) B ) {0} i) {F) ) .
Averagn Anoual Averaga Anquat
Probabity of Flood Damage . Flood Damage

feturn  Exceodance bor Events within uplo Indicaled Ayeraga Fiood Damage  wplo Indicated
ferod  RelunPeriod [rdefvals Retum Patiod - FloodDamage  withinintaivals  Relun Perod
{Pesos 1076} {Pesos 10%5) “{Pescs 1045} (P 508 10°6)
2 05 1403 000
03 16020 4806
5 02 21533 : 4306
01 28263 2828 :
10 i3] ' e 1632
005 43075 2554
4 005 : 51255 . 5168
10008 _ 63067 1892
50 am : 749.79 ' ) 11678
. 0.01 . 90115 901
100 001 : © 105351 ) - ©o12579
§ M 4
# :
S _ 0 N
8 c ; :
22
<E :
Q : H
g i
B
40 60 80 100
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Table 9.6 Probable Indircet Pamage

'by Flood Return Period

__ Unit Pesns milfon
{g Fleod fiatuin Period Evatuation & Loss AGIOP Tolal
) ClaanupCods

2yews 1030 854 1894

5 1052 363 1935

Hl 101 953 1975

20 1245 1045 2280

50 1699 1258 251

100 pa¥ed 19.49 o$H

“Table 9.7  Average Annuat Indirect Damagc in Abacan River Basin

(o] & (& O} (3] ) (G} [3]
Average Anowal - Evacugionand ~ Edimaedtoss Average Anal
Probabitty of © CleasupCosls ol GRDP . Vahe
Paan  Excesdance it Evenls wihin up o Indicaled uploindeatad Averaga Average Value up botndicatod
Period falum Pariod irdervals Rl Period Relarn Pariod Vale within infervals Relurn Period
{Pesos 106} {Pasos 10M6) Pasos 104 {(Pesos 10%) (Pesos 104}
2 t5 1030 a8d 000
03 4418 1325
5 6z w082 1747 1325
_ o1 : . H35 2] o
10 a 3154 2650 ‘ A68
Q05 : . 10128 5%
20 0G5 ' 4349 - 3885 2805
L 060 12t 43
50 b L 5898 953 : ' B
0 20045 200
00 ‘ 8220 £0.02 : Al

[ 31 I
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Table 9.8 Cost-benefit Analysis of Abacan Flood/Mudfiow Control Project

Unit : Pesas tiilfion
.. Eoonomie Cedt - Bensll
God | Flood  Indiect '
No Yem  Caplal O&M _ Tod  Conlol Darage BeneliToll B-C
11385 1384 2583 9103 000 000 000 8101
2 1997 14580 2448 14008 000 0.00 S 0400 -140.08
3133 381 2462 M4 000 000 00X 35343
1 1599 24545 2398 27144 000 000 000 27144
5 2000 300 300 15720 2ot 16785 18480
8 2001 300 300 17023 3200 20223 1923
S 7 a0 300 300 (8424 38T 218t 24
& W 300 300 13940 3521 2469 23161
g 2004 i 300 21582 3693 252.75 249,75
b 2008 300 300 23358 4 o231 2693
12008 360 300 25280 4063 23343 25040
12 2007 300 © 300 2861 4262 622 M
3 2008 300 300 28642 H70 W8 01N
1 2008 300 00 3049 4589 35238 3648
15 2010 300 300 3458 4318 39605 39308
i5 200 B 300 542 5159 2101 4240
7 2012 300 300 40632 541 46041 (5143
18 2013 .00 300 43978 5875 493,51 19254
19 . 2014 300 360 41595 5953 53548 SR
20 2015 300 300 51502 Gedd 51756 57458
2 w018 300 300 5781 6550 62301 - 62004
2 011 300 300 6033% 6870 . 67200 £69.09
2 2018 300 300 65305 7208 150 e
24 209 3.00 300 70680 7553 78238 77938
25 2oee - 3.00 300 Ted497 1928 34425 34128
% AN 300 300 82283 305 91108 © 50608
21 22 306 300 dwor a1z 98929 98029 |
20 a0 300 - 300 96981 9149 105030 © 105830
28 2024 300 300 (04363 (9596 114559 114259
30 205 300 200 113601 10065 129565 1233865
£ 90 87 1% @3 1785 1133
: (87.5%)  {12.5%) (1003
©EBRA=. 2405%
D NPV oR) 1149
Table 9.9 Sensitivity Analysis of Abacan Flood/Mudflow Control FProject

. o E : {%)
Sentlt  -20% 0% Hormad - +10%  +20%
Cos - T T
20% 2408 530 2167 . 2938 3102
10% 2231 2405 2570 - 2129 . 2382
Normal 2086 48 2405 2554 2697

|+1o% 1962 2006 2264 © 2405 25.40

C 2% 1853 2001 - 2143 0 2278 . 2405
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Table 9.10 Analysis of Economic Benefit in Abacan River System
Piobabls Flood Damegafor sach Fload Return Perlod bn Abscen Biver Bagln

) Crope & Erxxifond Lotwof
Bulidags Uvsvtock - kharirecture Cleanup Cosl GROP Totsd
Return Parfod .
2yt 587 b trid 17759 13,500 34 125,618
H [ 1A} 8505 $area 16,50 L] 11,743
10 I <X }1] 27015 2322 10,729 TR0 152381
o] 100,348 anet 516 12,450 10,450 136,914
F] 1 335 k<lr H 12,530 15191
10 b Lt B ; AL T X ] nm 1.4 7,824
[ Tiopt e Tvacvrion & Lots ol B
Bulldags  Livertock  Btatucturs Clavnup Cost GRDP Totd
47 Pariod
2 jeurs 4225% toek 1HUS L3% ra% Rl
4 S245% FIR LY 1409% e ams 130
(F] I 1926% 1o% 7.04% 5% 0]
e B odoooSeEK | ux | uamx e sww] 1o
] ot 11h% 1175% 5.65% (37,5 0o
hie] .99% 110 B&2% [ SEX 300
Hao.of ARactad Tota Mected
Alactad Agtcauural  Aftactsd Afecrad thban
Eulldrgs  Jandlegm)  Mealegbor) Houswhdd  Popelaton
2 yeors 3500 : 3,365 8,404
s 1801 140 . e
10 2058 158 2815
S . R NS L S . e ___dom ol
E o TR TTTTTTTTTTTTT iws I E "
1% (X1 LAt 1597 21,204

Note. ()" Affactsd Houkahold" Is compited i *Ho of Affected Buildings® dlded by DUS.
{7} "Apctad Urbas Fopulaton® = *ARwcted Hourshod' * Urbanla vion Rado d Farly Stee

" Avarage Anriuni Damagae for 20-Year Return Paikd (Petos mlilien)

o
i

Crops & Encsatn & losscl
Bulldng  Uveslok  kkashucture Cleaws Cost - GRDP . Totf
445 2368 L1y 217 AN NI -1
H% ) % B% % 1%
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' NON-STRUCTURAL MEASURES






CHAPTER 10 NON-STRUCTURAL MEASURE

" 10.1 WARNING SYSTEM

10.1.1 PRESENT CONDITION

In 1994, the RDCC-1IT is the inter-agency organization for flood/mudflow waming in
the Mt. Pinatubo affected area. The office of RDCC-III was cstablished at the Camp
Ofivas in San Fernando, Pampanga. Flood/Lahar monitoring system of RDCC-1I is
organized into four (4) systems;

‘1) AFP/PNP lahar watchpoint,

2) PHIVOLCS/USGS lahar monitoring sysl.cm,
3) ©  PAGASA weather information, and
4) OCD/JICA lahar monitoring system

After receipt of the monitored information on lahar and heavy rainfall, the RDCC-1II
disseminates the lahar/flood warning informalion to government agencics in Region Iif,
PDCC, MDCC and BDCC. The warning message is also transmitted by hot-line
telephone linking the radio stations in Manila. The schemalic diagram of flood/mudflow
warning system is shown in Figure 10.1. The location map of warning equipment is
attached in Figure 3.12 of Chapter 3. -

' 10.1.2 RECOMMENDATION
- (1) - Needs of Expansion of NDCC

'NDCC will have an incr&asingly important role, since the disaster preparcdness and
prevention will apparently need more skilled goverament agency/personnel.

However, the OCD, as the center of NDCC, has not at the momeént enough capacity -

- of personnel and enough capability in establishing of disaster management plan
because of the financial constraint and shortage of the numbers of personnel. The
expansion of NDCC will nced the additions of equipment, building spaces and
numbers of officials as the wtor to the local government units. .+ .~ '

(2) ?'l‘frai;ni"ng’ of the ()fﬁc'i_als of Local Govdrn;mem Unit .

The officials in charge of the disaster preparédness and prevention shall have sound -
knowledge with regard to the implication of the activities concerning (o disaster
“mitigation. The extent of their capabilities and also the effective procedures lead to
a'successful evacuation, In this context, training is very important for the officials
‘in local government anits, The training program is the form of periodical (ot in
ad-hoc basis) seminors should be established in the activities of NDCC (OCD).

(3) . Integrated Database for Rainfall Observation Neiwork

Pinatubo hazard is ‘characle:_riscd by the prcdomi‘nént secbn'dary disaster which is = ° '

triggered by heavy rainfall due to northeasterly monsoon and typhoon. At present, |
in and around Mt.Pinatubo hazard area, the rainfall observation stations are
managed by PAGASA, DPWH, NIA and OCD. Among the agencies, the
representative one should bave an integrated database system of rainfall data which:
retrieve all the rainfall data, and disseminate the warning message for heavy
rainfall. Major problem on rainfall observation network in the Philippines is the
maintenance of the equipment, especially in case of telemetered equipment, The
rainfatl radar system which covers Pinatubo hazard arca will be one of the solution
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taking into account an advantage to maintain at specified location and to collect all
rainfall data by representative agency.

(4} Coordination with Intemational Organization

Bilateral and multilateral assistance and OCD's staff training by the international
organizations related to disaster preparedness and prevention are of great help to the
government especially in alleviating the suffering of people.

(5} Coordination with the network of NGO
‘Remarkable activities in evacuation and resetilement have been carrid out by NGOs
in and around Mt.Pinatubo hazard areas. Recently, a NGO's network of disaster
prevention is being expanded not only to Pinatubo hazard arca but also to
countiywide. It is necessary for goverament agencies, especially for NDCC and

CCD, to coordinate with such an network for efficient relief operation and
evacuation.

10.2 EVACUATION SYSTEM |
10.2.1 NECESSITY OF DEVELOPMENT PLAN OF EVACUATION SITE

In times of emergency, the usual evacuation sites are the public elementary schools and

govemment offices. Many of these are not equipped for long-term seitiement. Some of

* the designated evacuation sites are also located in lzhar and flood-prone areas. In such
cases, these elcmentary schools should only be designated as pick-up points..

I‘slabhshmg permanenl resctt]cmem sites takes considerable time, Such situation, -

‘ unforlunatcly. puts so much stress on the evacuees. There is a need for pcrmanent
. ‘evacuation sites for the lahar-and flood-prone areas to prowde timely and fast services
- and provnsnoml seltlement.

102.2 EVACUATION ROUTES

- The shorlest routes from thrcatcncd barangays to the nearesl evacuation siles should be

elevated in order to prevent isolation in times of floods.  However, culvens should be
used to serve as passage for flood watcrs crossing these roads. Road sigas like:

“TO PICK-UP AREA

and '.

TO EVACUATION AREA

should be placed at intersections to guide evacuees.
10.2.3 PICK UP POINT

Intermediate pick up points where evacuees can be assembled before transporting them to
cvacuation areas should also be marked.
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-t 1 Sousce : CABCOM for displaced farmilies and MPC for resctiled famitics.
1032 PLANNING AND IMPLEMENTATION ISSUES

PICK-UP
POINT

The pick up points arc public arcas, such as schools, churches and government office
complexes.

 10.3 RESETTLEMENT PROGRAM

10.3.1 DISPLACED AND RESETTLED FAMILIES

More than 26,000 families have been displaced as a result of the first iwo rainy seasons
after the eruptions of Mt. Pinatubo in 1991 and 1992 (Lahars | and II). Another 7,400,
who are victims of Lahar HI (1993 lahar and flooding), have sought temporary shelter in
the evacuation areas, and are still to be permanently resettled. In 1994 (Lahar 1V), 2,492
families from the Municipalities of Bacelor and Porac and living within the Pasig Potrero
river basin were affected and subsequently relocated to the evacualion and resettlement -
sites of San Fernando and Angeles. The government resettlement program as of 1994,

- covers the resettlement of 33,096 families including 8,732 proposed in 1994 program by

the Mount Pinatubo Commision, of which some 10,000 come from an upland ethnic
minority group (the Actas). The dislocated lowland families, on the other hand, generally
come from the river banks of the low-lying plains of Pampanga and Tarlac. The
government aims to relocate them as close as possible to their original settlement sites and
within the same political jurisdiction if at all possible. - The numbers of distocated and
resettled families are enumersted below; - :

Displaced and Resculed Familics in Region 111 as of 1994

Familics Numbcrs of Familics . Total
: 71991 & 1992 1993 1994 :
© Digplaced C 26,187 - 1400 2492 36,679
. Resetled - 21,004 - 3360 8,732 - 233,096
Cumulative Balance : 5,733 - 9823 3,583 3,583

" Note ; The above figures shows total numbers in Region 11 (Tarlac, Pampanga and Zambales).

(1) Needs and Aspirations

The major issues are the conflicls arising as a result of differences between the seltlers,
perceived needs and aspirations and the government solutions and policies on gvacuation
and resettlement. Resettlements are urban in design and character, while the people to be
rescitled are mostly agricultural. The urban‘typé community services and facilities were

" not perceived to address an immediate need rather than livelihood and shelter.

(2) Resource Limitation
The sheer number of familics who have to be evacuated and resettled continue to strain
the resources of the government and non-government organizations. Many resettlement

areas still have incomplete houses, infrastructures and wtilities. A number of houses and
productivily centers are not yet occupied for each of electricity. - ' ‘

(3}  Sustainability

Private sector-initiated rescttlement areas were not recognized by the Mount Pinatubo
Commission. Instead of supporting these efforts, these communities were left to fend for
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themselves. -Resettlements within privately-owned lands were similarly lefi on their own.
Infrastructares and utilitics have not been installed in these areas pending the transfer of
ownership to the settlers. Local governments especially were worried about the
continued assistance needed by the resettled families.

(4) Lack of Livelihood Opporiunities

In spite of the many livelihood financing programs available, there were few takers.
Business planning and employment preparation were lacking, Those who needed capital
could not avail of them due to the loan requirements. ‘They have to work for the daily
sustenance.  Unemployment rate is still very high among the affected and resettled
families. First, the closure of the US Military Bases resulted in 42,617 lost jobs.

Secondly, the loss of agricultural lands due to lahar, caused many more farmers to lose:

their traditional source of livelihood. Finally, daily food rations resulted to dependence
on external material assistance and less initiative to work.

- 10.3.3 PROGRAM CONSIDERATIONS

1) Choice of site. The site selected should provide similar opportunilies for the
livelihood of the settlers. It should be safe from future ahar and €lood flows and be
accessible even during the rainy season. The site should preferably be in or adjacent
to the original habilat. C

2) Community and local government pariicipation in planning and implementation of
resettlement sites. Both should move toward self-management. -

- 3) Integration of the population into the socio-economic system the barangay and its
neighboring barangays instead of designing self-reliant community designs which
promote enclaves within the municipality,

- 4) " Unified program coatro! for better coordination; and

~''5)  Effective site management to ensure smooth transition during turn over of
- administration. ’ : o

'6) Balance in the provision of housing, livelihood and community services and.

facilitics.

i

7) Provision of opliéns and ﬂcﬁxibi!ity for livelihood and l1dusing appfo;f:'ri;atc io:tlie

skills level and income of the individuals.

8) Integration of self-initiated and privately-initiated evacuvation and resettlement arcas
into the overall government assistance program,
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CHAPTER 11

ENVIRONMENTAL STUDY







CHAPTER 11 ENVIRONMENTAL CONDITION
11.1 PROCEDURE OF THE STUDY

In 1994, the initial environmental examination (IEE) was carried out in the Study Area.

“The major purposes of the study was 10 enumerated the environmentl changes by the

1991 eruption. There have been two (2) times of workshops held in Pampanga and
Tarlac Provinces between September to Octaber 1994,

Following the IEE Study in 1994, ‘the environmental impacts assessment (EIA) study
was carried out in 1995 on the basis of the structural arrangement of the selected
schemens for the feasibility study. The most notable performance they have made for the
EIA Study was of conducting extensive public hearings in order to gather information
and opinions on the Project from the local residents who are greatly concerned with the
Project.  There have been 26 times of public hearings and two (2) times of workshops
held between June and October, 1995.

11.2 INITIAL ENVIRONMENTAL EXAMINATION
112.1 PHISICO-CHEMICAL ENVIRONMENT

" (1) Soil Resources in the Agricultural Areas - -

- Containing mudfiow and its deposition inte the diked course of river would protect soils
~ of the adjoining prime agricultural lands from further deposition of volcanic materials.
" Thus the structural measures of the Project should protect present soil fertility from
- degrading it and that the agricultural activities for planting sugarcane, rice, root crops and
- vegetabless can resume as soon as, and as safe as, possible. - -

(2) Geomorphologic Change
(@ Diking

. Diked course of river would reduce erosive power of the river. This would mean
that the dikes and other structural measures of the Project should hold up

- essehtially all of the natural process of geographical changes associated with the

©  rivers in the Study Area. On the other hand, such limitation to geomorphological
~ changes is considered that it would significantly contribute towards the
. continuous and sustainable livelihood of the general public in the Study Area. It is
also considered that no part of the structural measures of the Project should cause
any significant adverse effect on the ambient natural environment.

(b) Spoil Bank

The area of spoil bank planned to create in the area adjacent to the confluence of |
the Rio Chico River and Bamban River is 432 ha. Dumping operation with heavy
construction vehicles and introducing new soil into the natural vegetation area as
well as the farming area during the dry scason will be affected. Land ownership

- should also be checked thoroughly as the arca appears to be used for rice field. ‘

(3) Water Quality
The Project will not cause any sighificant éhangcs on the water quality of the surface and
ground waler. However, construction works of diking and channelization in the Study

Area will probably change waler quality parameters, especially warbidity, during the
construction period, which would normally be conducted in the dry season.
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1122 BIOLOGICAL ENVIRONMENT

(1) Fauna

Slopes of the dike could be planted with trees and bamboo that should help stabilize lhc
dikes and these would provide shelters and feeding areas for several species of wildlife
such as rodents, birds and amphibians, No other adverse effect to the wildlife in the
Study Area is ex pected to occur.

Sabo dams that shall be constructed at the Sediment Source Zone and Sedient
Transition Zone are even beneficial to certain wildlife species as most of the habitats in
these areas have been destroyed by the Mt.Pinatubo eruption,

(2) Locust Brecding

Locust infestation is a major problem in the lahar affected areas, especially along the
dikes and plowed fields with thick lahar and ashfatl deposits. Locust would lay their
eggs in water-free, soft sandy substratum and the areas with thick lahar deposmon in
Concepcion, Mabahcat Bamban and Angeles Cily shall be the suitable sites for locust
breeding. Since sugarcane is their major food source, preventing them from a large scale
- reproducing is almost impossible. Locust, however, will attract and enhance the
population of insect-eating birds, mammals and lizards.

Sabo dams made cither of sandbags, rocks or stones inside wire mesh may provide -
_temporary shelter to small species such as ground skinks, snakes, rodents and shrews. -
They also pravide shelier to other invertebrate species like freshwater crabs and shrimps,

-and the worms that wildlife specics feed on.
(&) Candaba S_wamp

The most important environmental impacl brought about by this Project is the faster lahar

conveyance toward the low-lying arcas and natural catch basins such as San Antonio
- Swamp around the confluence of Rio Ch:co and Bamban River, Candaba Swamps ang .

: many Pampanga Rwer estuaries.

- With faster flow of waler and tahar durmg the rainy season along the much improved ‘
. water channels of Sacobia/Bamban River, Rio Chico river shall be filled up with coarse
Iahar materials while excessive flood water would carry fing pariicies of the sand in the

river. Slope gradient of the rivers in the Sludy Area is likely to accumulate much of the
deposit in the area adjacent to the Project site. Thereby the water-borne fine particles in
the water should settle in the downstream area causing further fine silt material
accumulation. As a result, deposition of lahar materials below Rio Chico River is limited
i.c. very limited effect is expected to occur to Candaba Swamp.

(4) Flora.
 (a) Revegetation on the Mt Pinatubo Slopes
Growing vcgctélibn' on the stcep‘slopes accumulated with the pyroclastic méltc'rial
is one of the aims of this study. However, this program is considered not
effective, or at least necessary to conduct extensive, thus long tenm, study.
~ (b) Revegetation on the Dikes
 Stope protection measures for the dikes that have already been constructed for
emergency measures is necessary. The dikes made of volcanic matenals are left

“unprotedted and thus vulnerable to heavy rainfalls. Thus extensive slope
protection program should be established for the following reasons:
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(c)

Natural Growth of Grass Species

In general, pioneer grasses like talahib and legumes should dominate thelahar
affected areas, These species will be the major species for the next several years to
a couple of decades depending on the soit fertility and the level of intensily of
man’s econontic activities conducted in the mudflow deposit arca. No part of the
structural measures of the Project should adversely affect the natural vegetation in
the Study Area.

11.2.3 SOCIAL ENVIRONMENT

(1) Changes in Land Use

(a)

(b)

Sacobia/Bamban River Basin

It is obvious that the siructural measures of the Project should protect agricultural
land and residential areas along Sacobia/Bamban River from further mudflow and
flood events in most cases. Thus agricultural activities or any other economic
activities can resume as soon as the permanent stcuctures for the river
improvement measures are completed.

Abacan River Basin

No changes in land use along most part of Abacan River should occur as dikes
constructed before Mt.Pinatubo eruption. However, the structural measures for
the downstream area of Abacan River should be reviewed as the flood cvents are
geliing more frequent comparing to before Mt Pinatubo eruption. The extent of
damage is more wide spread than before. ' :

There is no protection measures in the upstream area of Abacan River. Depending

" on the way the crosion occurs, part of the scttiement in Angeles City, especially

southern edge of the Clark Air Force Base, will be severely damaged as well as
the scttlement of Sapang Bato. : ' :

@ Infrastructure .

)

(b)

3

.NaliOIIal}!iglI\vay' SR ’

Depending on the intensity of mudflow; San Francisco Bridge on the Route 329
should become endangered, or severely damaged with the present structural

“measures of the Project as mudflow and flood waters; containing the mudflow

into relatively narrow course of the river increases velocity of mudflow. Thus
rchabilitation, strengthening, or construction of new San Francisco Bridge should

be considered.
Rural Roads

The structural measures of the Project would provide the ceest of dikes as rural
road, Similarly, the access road to the spoil bank would make the remote area

accessible with the local means of transportation.

(3) Agricultural Production System

(@)

Resuming Agriculivral Activities without Fear

With the sense of security, the local residents should feel that they arc away from
the damaging effects of lahar. This could only be provided by the structural
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measures of the Project, Thus farmers should obtain more opportunilies to
practice farming, including diversifying their agticultural activities if necessary.

{b) Availabiiily of Water for Irrigation

Depending on the locations, availability of irrigation water especially in the main
course of Sacobia/Bamban and Abacan River will have to be reorganized as diked
river banks would limit the farmers access to water for itrigation. Sapang Balen
River Improvement Works would divert original course of water way in places
and diking would limit the access to the water in the river. Therefore major
reorganization of the way the river is used will have 1o be considered,

(4) Impacison Local Communitics
{a) Protection of Barangays

The most critical impact given by the structural measures of the Project is
protection of the badly devastated areas. Thus psychologically stabilizing the mind
of people in the Study Area is achieved. This will make them come back to their
-original habitat and resume aclivities such s to invest in their homes, farms and
~other properties. This positive impact would last for as long as the comrol
structures serve their purpose,

(b) Employment Opportunities During the Conistruction Works

The constructing works of the river improvement structures would require skilled

and unskilied laborers. Recruitment of the local residents from the areas where

structures would be built would be relatively easy. This would supplcmcnt the -

deficit of income for those who can nol resume agricultural activities in the Study
Area.

' () Strengthening the Organization of the Local Communities

Upon complcnon ‘of the structural measun,s of lhc Project, the adjoining

- communitics would be assigned for the task of maintaining and monitoring the

condillons of river improvement structures throughout the year. They would thus

- be given a concrete opportunity to work together with their neighbors for their
- . common goal. This would l‘ unction to sirengthcn lhelr cohesiveness 'uuong the

- communities.
(5) Hlstoncal and Cullural Sites
There are various historical buildings and the places where archaeologlcal artifacts may be
unearthed. There areas are, however, not directly in the areas of structural measures.
Thus no sngmﬁcqnt toss to hxstoncql and cultural sites should occur. -

6) Acslhcuc Value of Landscape

~ Thece is no significant deterioration to the aesthetic value of hndscape in the Study Area -

~ as arcsult of the implementatioin of the Project.

1124 ENVIRONMENTAL MANAGEMENT PLAN

~ (1) Livelihood Program

The livelihood program should be based on the exiensive rural development studies based

on the present physical conditioins of the Study Area. It is also important that it would be
incorporated with a number of studies associated with Mt.Pinalubo recovery program.
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One of the aliernatives, and most realistic and attractive program, would be to incorporate
it with the “Central Luzon Development Program” being conducted by the Deparimient of
Trade and Industry in association with JICA assistance. -

(2) Soil Rehabititation Program

Soil fertilization is the most imporiant factor for agriculture in the Project Area. Organic
matter build up specifically on the top soil is indispensable for sustained productivity.
This can be achieved through: :

- enhancecment of vegetation;

- antificial input of organic matter;
- composting; andfor

- a combination of the above

(3) Pilot Farming

A lot of agricultural crops suitable to grow in the lahar affected areas could be discovered -
provided that the proper plant nutrition and moisture is maintained. Spontaneous

. verification trials have been made in the actual lahar fields within the Study Area.

However, this should be given priority with large scale research works based on the
scientific and commercial basis and that the associated pilot fanning can be implemented.
A larger scale of government organization, municipalily and up, should be responsible
for this scheme. : . SN

" (4) Irrigation Development

The existing irrigation systems must be reorganized in order to increase cropping -

-intensity. It is particularly important as soil fertility in the Study Area has been drastically

changed. It is also necessary as potential changes of the waterway in association with the
structural measures of the Project should occur,

11.2.5 ENVIRONMENTAL MONITORING PLAN

(1) Water Quality

Monitoring works for waler quali_lyfshotlld be condugted at least once a year for the fext

5 years until such time that there are no further changes on the facility construction
works. Monitoring work on the water quality in the study arca should be reviewed
according to the enginecring measures introduced as it changes the present scope of -

‘works.

It is also necessary to conduct water quality monitoring during the peak pericd of
construction works, mainly dry season, as turbidity and other parameters related the to
water quality of the rivers in the Study Area is disturbed. It is important to note that
demand on waler goes up toward the end of dry séason while dry scason is considered
best time for construction works. : o

(2) Living Condition of Resettlement Areas

~ Monitoring the living conditions in the resentment centers should be divided into two

different phases and areas as follows:
(a) Evacuation Centers
Establishing livelihood program for the local residents in the Study Area should

solve most of the problems associated with the present evacuation centers,
However, as the preseat cvacuation centers are going to be the “permanent
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sesidential area” for most of the ovacuees, selected tocations should be up-graded
as village, or town. Facilities for the arca of population concentration, such as
dispensary, market place, primary schools, cte. should be construcied.

Which evacuation centers aré of permanent nature has not been considered. Thus,
monitoring various evacuation centers and assessment of them. Information
should be gathered on the conditions that they should be up-graded to village or
town. Such information and the result of assessment should be provided to the
government organizations concemed with community development.

{b) Permanent Resettlemeiit Areas.

The present living conditions of the evacuation centers may not be drastically
improved. However, the present effort to monitor and up-grade where there is a
sign of deteriorating standard should be maintained to give them further hopes to
reestablish their original life style in the future.

The standard of life in the permanent resctilement areas and the level of
achievement on the development for their livelihood should be monitored until
such time that the life of the resettling familics are stabilized and that their
traditional life style is taking root in each resettlement area.

" (3) Siltation in the River

" Heavily silted arcas as a result of lahar deposit should be constantly monitored. Criteria
~of the depth of Siltation in relation to the possible flooding events and adverse effect to
" the agricultural activity should be established i.e. “preventive measures” should be
“established in order (o minimize damages 1o the agricultural arcas and the livelihood of the

general public. This may be incorporated with the “Early Warning System” being

corisidered to establish within the frame work of the Study. The monitoring work should
- continue until such time that the Sacobia/Bamban and Abacan River basins are declared as
. safe for economic aclivity. - - - :

(4) Monitoring of Candaba Swamp

() AquaticLife -

~ Lahar deposit and sedimentation in San Antonio Swamp and Candaba Swamps

. must be monitored after the rainy séason and continuous sampling of mud and silt |
- deposits in these areas for invertebrate animals as they indicate availability of food

for aquatic birds in these areas.
(b) Locust

Locust papulation should also be monitored as they are part of the food sources of
jnsectivorous birds and mammals. Tt will also help in monitoring the spread of
locust to other arcas, as these insects are pest 1o sugarcane, corn and rice.

‘Locust population should be monitored in the lahar affected areas as they are pest
to sugarcane, corn and rice. :

©) ? Mi gra'lory:Birds ‘-

Migratory bird specics using Candaba Swamp and San Antonio Swamp as
breeding ground or an intermiltent point for resting during the migration along the
Pacific Flyway shoutd be conducted. The monitoring should bé conducted until
such time that the tahar flow and siltation to the water channels are considered
pemanently ceased. : '
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11.3 EIA STUDY FOR SACOBIA-BAMBAN RIVER BASIN

11.3.1 PHYSICO-CHEMICAI, ENVIRONMENT

¢} Morphology of Sacobia/Bamban River ‘

Because of the geological activities of shifting volcanic materials accumulated in the
upstream area to the downsiream area are stabilizing to a large extent, engincering design
to improve Sacobia/Bamban River is considered feasible to implement. ‘Thus, the
construction works for permanent steuctures slabilizing the lower section of the river
where agriculiural activities are anticipated to reopen can be implemented.

As a result, a scction of Sacobia/Bamban River between Route 3 and Route 329 goes

- under a major rehabilitation works during the next five years. This is the work to fix the

course of river channel of Sacobia/Bamban River and the confluence of Sapang Cauayan
and Marimla River according to the engincering design.

The newly determined course of the river may be slightly different from the original
course of the river before the Mt. Pinatubo eruption. It is also different from the present
course of river made after the Mt. Pinatubo eruption. The new course of the river has
been determined based on the engineering concept of river improving technology. Itis

. also determined according to the changes of topography made by the volcanic materials
* transported by the river since the eruption.

The natural environment drastically changed since the eruption is going to be changed as
a matter of course. This is to secure the lives of gencral public which has been in
jeopardy for the past five years. After the year 2,000, the river bed of the fixed course of
river should be deepened to some extent especially at the confluence of Marimla, Sapang
Cauayan and Sacobia/Bamban River. However, the scouring action of the river and its
subsequent changes on the river morphology would not cause any disadvantages on the

- surrounding natural and social environment as a whole.
(2)  Morphology of Sapang Balen River

* A section of Sapang Balen River to the east of Route 329 has been causing a number of
flood to the agricultural and residential areas since the Mt, Pinatubo eruption. This is
“due 1o the flow of Sacobia/Bamban River became as wide as the width of Sand Pocket
~area and that the Sand Pocket arca has held up the lahar. while flood water had 10 be
‘released to Sapang Balen River in order to minimize the damages on the structures

forming the Sand Pocket area, Thereby the damages by lahar to the residential and
agricultural areas to the cast of Route 329 are minimized. '

In order to improve the situation, fixing the course of Sacobia/Bamban River by
structural measures is determined. Tt also confirmed that the security of Sand Pocket area
could be confirmed and that the area is released for agricultural development after the

“completion of the river improvement works on Sacobia/Bamban River.

The creation of exit to Sacobig/Bamban River and straightening up the course of river of
Sapang Balen River are the major changes of the meandering river morphology.
However, by these measurcs, the use of the river as irrigation channel would reorganize
the agricultural activities of the area and that agriculiural yield is stabilized as risks of
flood events are reduced. : ' "

(3)  Flood Water in Candaba Swamp
There was a speculative thinking during the carly stage of the studies conducted for

Mt. Pinatubo affected areas that the excessive flood water would overflow into Candaba
Swamp from Rio Chico River via Candaba Spillway off Pampanga River. [lowever,
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because of the natural conditions of the flow of water and volcanic materials on
Sacobia/Bamban River has been stabilized to some extent during the past couple of years,
it would be very unlikely that the food water generated by Sacobia/Bamban River flows
out to Candaba Swamp directly from Rio Chico River.

i1.3.2 BIOLOGICAL ENVIRONMENT
(1)  Excessive Cutting of Trees on Ml Arayat

The forested area on the lower half of Mt.Arayat slope, in the area west to northwest of
" the peak, has been heavily denuded during the past couple of years. As is shown in the
Figure 11.1, the arca below 450 m contour line within the Mt.Arayat National Park is
designated as a part of country wide protection area of "National Integrated Protected
Arca (NIPAS)" of the Philippines. Cutting trees on the slope of Mt. Arayat is taking place
within the NIPAS arca of Mt. Arayat.

There are a lot of different reasons that the trees on the slope of Mt Arayat is felled, The
demand on fuelwood and charcoal for cooking in the areas affected by lahar is one of the
major reasoiis as trees are the most inexpensive source of fuel, Because of the income
level of the local population affected by lahar has been drastically lowered, many would
have to depend on the inexpensive fuel, Table 111 shows the number of houscholds
© using various sources of energy for cooking based on the population census before the
Mt.Pinatubo eruption.

. The increase of demand on fuélwood and charcoal is approximately 12.5% higher than -

the period before the eruption of Mt.Pinatubo within the Study Arca, This is due to the

fact that the evacuees are using fuclwood/charcoal. There are a lot of other people
- demanding fuelwood in other areas affected by lahar since the eruption of Mt. Pinatubo

and subsequent lahar and flood events.

Such areas like Zambales and other municipalities in Pampanga outside the Study Area,
especially the area along Pasig-Potrero River, also contain a large number of evacuees
- demanding fuelwood. Further, because of the transportation disruption, shrinking
- availability of gas and kerosene has made¢ the small industry hitherto depending on gas

- - and kerosene switched its energy over to fuelwood, which is locally available. As its
- supply is stable, the demand on fuelwood has gone up by about 20-25% comparing to

the period before the Mt.Pinatubo eruption.

' The resulted excessive cutting of trees in the forested area on Mt. Arayat will further go -

up as the population in the Study Area as well as the other areas on the east side of
Mt. Pinatubo, such as the area along Pasig-Potrero River will continued to live in the
evacuation centers, or else where as increasingly affected by flood. Thus the pressure on
the demand of trees on Mt. Arayat, the only source of fuelwood in the area east of
Mt. Pinatubo, will not be lowered. This will continue until such time that the living
. conditions of the population affected by flood and lahar in the aréa east of Mt. Pinatubo
are reinstated as before the M. Pinatubo eruption, '

(2) - Planting Trees for Slope Stabilization

As is shown in the Table 11.2, several species have been selected for slope protection,
Seedlings of these species are readily available from the nurseries of the Department of
Environment and Natural Resources. Planting these teees in the upsiream area of
Sacobia/Baniban River should become feasible within the néxt coupte of years as the
ground temperatures are lowered. '

- The Sacobia River Basin Development Corporation, an organization for generating

livetihood opportunities for the Actas would be the nominated organization for exccuting
this work. In addition, there has been an Execulive Order No. 263, July 19, 1995, for
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Commlinily-Bascd Forest Management (CBFM) declared to generate forest resources for
the local communities across the nation. With a combination of the organization and the
exccutive order, a program in combination of the works of planting trees to serve the dual

‘purposes of community-based forest management and protecting the slope of the

upstream arca of Sacobia/Bamban River could be conducted as soon as practicable.

{3)  Usc of Talahib Grass

‘Talahib (Saccharum spontaneum) is considered as a good organic fentilizer as it is cut,

piled up, fermented and mixed with soil. As agricultural development programs are
conducted in the lahar affected areas within the Study Area, a program 1o generate organic
matier to enhance fertility of the lahar affected soil by using the abundantly growing
Talahib grass should be formutated. The imrigation system rehabilitation program would
recreate agro-ecological environment and that it with provide the ground cover with
agricultural plants.- With relatively abundant water surface, espécially in the Sand Pocket
area, the environment that would generate locust population should disappear. In this
respect, abundant growth of Talahib grass is essential in two respect:

a. Tt contributes to prevent the locust population from exploding and subsequently
dasnage agricultural crops in the adjacent arca; and

b. Organic material for cnhaﬁcing soil fertility is readily av;iilablc.
@ Plnnling Trée/Bamboo for Dike Protection

Planting bambno on the dikes protecting residential and agricultural areas would be
effective not only to increase the rigidness of the dike structure but would also enhance

~ the growth of habitat for wildlife. Thereby bird and other insectivorous species would
* teturn to the lahar affected areas. This would also contribute to reduce the risk of locust
~ population explosion to some extent. S

(5) Wildlife

* . The study period on wildlife obscrvation in July 1995 was not the season ta observe
" migratory bird specics in Pampanga Delta. However, early migratory bird species of
 White-Headed Stilt (Himantopus), Rulf (Philomachus pugnax), Caule Egret (Bubulcus

ibis) and Liver Egret (Egretta garseita) have been observed. There are other species such
as Gray Heron (Ardea cinerea), Purple Heron {(Ardea purpurea), Pheasant-Tailed Jacana

o (Mydrophasianus chirurgus) have been observed although their number are not large.
" ' They are insectivorous birds and considered that they are preying mainly on the locust

abundantly breeding in the lahar affected areas.

“(6)  Generation of Locust Population

As was the case in 1994, exlensive generation of locust population in the lahar affected
area is likely to occur during the dry seasons in the future because of the vegetation in the
tahar affected atea as well as the local plantation crop of sugar cane would provide best -

© breeding grovnd for them. ¢

' The pioneer grass species that sprout in the lahar affected area of Talahib {(Saccharum

spontanein) is a good food producer for locust, Sugar cane widely planted in the Study
Area is also a family of Talahib grass, which is good food producer for locust. The lack
of insectivorous witdlife, such as snake, lizard, amphibians and bird species since the

‘eruption of Mt. Pinatubo further enhances the explosion of locust population for the
. years to come. The tack of agricultural activities to spray insecticide should also a part

contributing to breed locust in the Study Area.
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11.3.3 SOCIAL ENVIRONMENT

(1)

Land Acquisition
a. Sand Pocket Area

Acquisition of land in the areas where permanent structures are going to occupy has
been in progress. In order to help removal of improvement or the belongings of the
land owners, 10,000 Pesosfland owner is been paid. However, the Sand Pocket area
of 2,300 ha temporanly used for in order to retard lahar is not subject to land
acquisition. Retarding volcanic materials transported by Sacobia River to the area on
the right bank of Bamban River between Route 3 and the San Francisco bridge on the
Route 329 is considcred as tcmporary measure. It was also a countermeasure (o stop
the lahar from daniaging the residential and agricultural land in the downstream area
along Sapang Balen River. There was a consent from the land owners of the Sand
pocket area that the retarding coarse volcanic materials in the Sand Pocket area is a
temporary measure.

As soon as the purpose of the Sand Pocket area is ceased, the Sand Pocket area is
converted to an irrigated agricultural area before it is released to the original land
owners. Thus no part of the Sand Pocket area is considered subject to land
acquisition by DPWH. Method of the acquisition of land within the Sand Pocket area

for developing irrigation system is a separate issue involving Department of

Agriculture, National Irrigation Administration, Department of Agrarian Reform,
municipal government, and the present land owners who own their Jand in the Sand

Pocket Area. There is a possibility that the Land Bank of the Philippines would also

be involved in for the financial arrangement as well as the planning of agncultural
devel()pmcnt in the sand pocket area.

- On the other hand, purchasing the Jand in the Sand Pocket area for the right-of-way to

conduct 1rngal1on scheme may Jead to an intricate issues, but not hmued to, as

: follows

f 1) “Théré are a numbcr of small tand owners in heavy dcbt who cannot sell the
land and rc-purchasc the tand for agnculwrc.

:_ 2) Thcre are those iho would m!hcr hold it for spcculalwe salc ofland as there

2 would bc a townshxps and a new road is constructed;

land if there is a plan to develop imigation scheme;

4) Tremendous amouht of paper works to clear the land ownership is involved
and thercforc the small land owners do not want to get involved into it;

‘In the mean time, thc land owners in the Sand Pocket arca are kept exempt from the
“payment of land tax. However; there is no income generated from the land they own

for a long period of time while some land owners would still have to pay the credit

- over the land they inicnd to own.

“The period of payment varies from sevcral years to more than fwenty years. The land

owaers involved in the development of Sand Pocket arca would have {o wait for

many years, counting from the time of M1.Pinatubo eruplion to the expected time of

the completion of irrigation development, without major income i.e. their planned
payment period is stretched by 14-18 years. :

300

o 3) Farmers returning to the Sand Pocket area s;mply do not want to scll their



e

e

b. Spoil Bank

The excavation of 16.5 million m3 of material from the section of river between the
San Francisco bridge and the confluence of Rio Chico for the 9 year period starting in.
the year 1996 would require a total area of 1,650 ha. In reality, annual excavation
operation v/ould produce 1.8 million m3 of material. This would nced to reclaim
180 ha of land near the area of excavation operation.

Although it is agricultural land, the area swamped during the rain season is available
for spoi! bank in the Mumcnpaluy of Magatang. ‘The nominated area is on the rigiht
bank of Rio Chico River nedr the Bamban River. Method of disposal is as follows:

i) Remove top soil from the designated spoil bank during the dry season;
iiy Dispose excavated material into the designated spoil bank;

iii} Back-fill the spoil bank with'the top soil as soon as the depth of spml
becomes 1 ny

iv) Repeat the process.

In this way, the fertility of the swamp area, most of them are privately owned
agricuftural area, will be maintained as much as possible. In many cases, reclamation
- works would raise the ground level of the agriculture arca. ‘Thus the area would be
made available for year round farming in place of swamped arca durmg thc rain
Season. _

* - Land acquisition is necessary as a maiter of course. At 7.5 Pesos/m?, the total cost of
“land acquisition would be 6.75 million Pesos per year, or the total cost of 60.75

- million Pe¢sos for the 9 year period. Because of the operation would actually improve
the swamp land into the productive year-round agricultural arca, the cost of land
acqunsmon can be negotiable. ‘ '

e Sapang Balen Rlver

-Since the pcuuon was scm to DPWH that the mcandcnng water course of Sapang

‘ Balen River should be straitened, and the idea of the petition was agreed under the

. frame work of the Project, there should not be any problem on the land acquisition.

- “The work involves major rcorganization of the fannland arca and the riverside area.
The riverside area would be sold to the farmers while the farmland would be
purchased for dike consiruction area as well as for river side area. T hcsc are the
permanent acquisition of tand and that there is no mequ'alny mvolved init. '

{2). Ef fecl of the Overall Agricultural Development Program

Since the engineering desiga to stabilize the river morphology of Sacobia/Bamban River.

is conducted in the areas where local agriculture was the major economic aclivily, what is
- more important for the people in the lahar affectedt area is to formulate feasible livelihood

program bascd on agriculture or any program that would support agriculiural 1cuvmcs

As is shown in lhe Table 11.3, 69 % of the farmers in ‘Tarlac would receive benefit from
the Agricultural Development Program of the Project. On the other hand, the farmers in
Mabatacat and Angeles are not fully benefited from the program, mainly because their
agricultural areas are reduced due to the major morphological changes and the shift of
river channel caused by the lahar and the permanent structure measures planned to
conduct in the lahar affected area. :

As a result, only a fraction of the fammers in Mabalacal will return 10 agnculluro under the

Agricultural Developnient Program associated with the Project. Thus it is essential to
genentc other job opportunities I‘or the famiers who would not receive benefit from it
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3) Reinstatement of Route 3

As s0on as the conditions of the river and the surrounding areas affected by lahar along -

~ Sacobia/Bamban River between Mabalacat and Bamban is stabilized, the Route 3 linking
Mabalacat and Bamban is planned to reinstate.

Thereby the road traffic between Mabalacat and Bamban is resumed with relatively short
haunlage and that the flow of population and commoedities should become more smooth
than as it is now.

11.34 ENVIRONMENTAL MANAGEMENT PROGRAM
(1)  Land Acquisition |

Voluntary effort of the land owners being patients for offering their land to the Sand
Pocket arca, although much of the arca was a result of natural phenomenon, should be
rewarded in some ways.  The following suggestions, but not limited to, would be
sensible to implement in order to conduct smooth implementation of the structural
measures of the Project:

a. Promulgate an urgent presidential decree, based on the public hearing yet to be
held, that the right-of-way of the designated areas should be vested at rent free for
the chIgnated pertod of time with DPWII for the purpose of lmplcmenlmg the -

Project. There should be an option that those who would sell their land is not
subject to the decree;

b. Exclusively employ small land owners involved in the measures described in the
item a. as above for the construction works refated to the Project;

c. Obtain guarantce that the irrigation development is conducted upon compleuon of

- the structural measures of the Project from the concerned government agencies,

mcludmg the guarantce that the small land owners involved in the Sand Pocket
opcmuon are cxcluswcly employed for the irrigation project; -

- d.. Guarantee that the rcmammg credit period of the agncullural area of the original .
. landowner is maintained: This should be based on the thought that the area of the

-measurement of land whose right-of-way is given for a designated period of umc
1o DPWH should be lhc same arca as before the Mt. Pinatubo eruption. :

‘Conditions of thc guaran_lee should be that the irrigation facilities are the same or & -

compatible to that of the one existed before the Mt, Pinatubo eruption, ‘Any
purchase of land exceeding the area the land owner used to own before the
Mt Pinatubo eruption is subject to the general arrangement of the sale of Jand

'}md;:r the scheme set forth by the development agency or agencies of the irrigation
acilities,

e. Any payment not recoverable for the cost mcurred by the lrngatlon facility
devclopmenl after the sales of land should be split among the municipality and
provincial government as well as the centrat government agencies concerned with
the i nmgmon facitity devclopmcnl

" f. Establish task force, or appoint an NGO to deal wnh the land acqulsmon whlch

~ would involve tremendous amount of paper works. The appointed task force or

NGO should function as middleman agent that assist farmers to abtain certificate
related to the land ownership, tax, debt, ete.

They should also monitor the performance of the arrangement as suggested above
- until such time that the irrigation facility developinment project is completed.
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(2)  Agriculture Developmient Program as Major Livelihood Program

Major concern over the hvehhood program of the Study Area is agriculture rehabilitation
works. As itrigation scheme development, soif rehabilitation program and pilot farming
are discussed in the Agricultural Development Program in the Master Plan. Most of the
environmental management program related to agriculture is included in it.

(3)  Trec Cutting on Mt.Arayat

There is no way to reduce the pressure on the fuelwood supply within the Study Arca
where there arc a lot of evacuation centers are filled up with evacuces. Thus there is no
way 1o réduce pressure on cutting trees on Mt. Arayat

No afforestation measures would catch up the growth of demand on fuclwood
immediately. The only way to reduce pressure on the demand of fuelwood is:

a. to reinstate traffic conditions between Manita and Angeles City as soon as
possible;

'b. “increase job opportunities as much as possible; and

c.  generate the flow of LPG gas and kerosene for cookmg for lhose affccted by
flood and lahar, '

“The overall performance of the rcsumptaon of the above conditions should depend much = ..
- on the maintenance of the road between Manila and Angeles City as well as the roacl '

between Olongapo and Angeles Crly

11.3.5 ENWRONMBNTAL MON.'TOR!NG PROGRAM

(1) Tree C_uumg on Mt.Arayat

“The rate of tree cutting on Mt Arayat should be closely monitored in refation to the

monitoring on the dcmand of fuelwood within the S!udy Area as well as the areas,

“affected by lahar. .
-(2): Locust Brecdmg | |
" Locust brcedmg should be monitored unnl such time lhat tne brecdmg grounds are

- eliminated i.e. agro-ccological conditions are reinstated in the Study Area, “Any sign of
the explosion of locust population should be dealt well in advance with insecticide whcrc,

appropnate

(3) . Task Force

A task force should be assigned to monitor the arrangement of dévé]opmg the thbughl 0
designate the Sand Pocket area as the area that the right-of-way of the land owners are’
relaxed for adestgnated period of time, -

They also monitor the performance of subsequent irrigation facility dcvc!opmcm and the
transfer of the right-of-way to the original fand owners as appropriate. The task force can
be any government agency such as Mt. Pinatubo Comission, or a local task force unit
including NGO specifically formed and appointed to serve for the purpose.
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11.4 EIA STUDY FOR ABACAN RIVER BASIN

11.4.1 PHYSICO-CHEMICAL ENVIRONMENT

(1) Abacan River Extension Channel

Abacan River Extension channel, outside of our Study Area, is under construction by

- DPWH. Since the area is outsxde of the frame work of the Project, no research works
related to the engincering design has been conducted to date. On the other hand, because

of the channelization work is conducted urgently in order to prevent the smmunding '

residential areas in Mexico from flooding since the Mt. Pinatubo eruption, it has been
effective for the purpose originally it intended. However, the concept of engingering
works and the way the channelization work has been conducted to date has not been
made clear.

‘It appears that the channelization work is to cut through the swamp area to the south of
Mexico in order to drain river water further to the swamp ar¢a, This is a significant
changes on the morphology of the river and the swamp. Subsequently the biological
conditions of the sivamp and the agricultural activities taking place in the swamp are ail
significantly affected. In order to prevent the natural environment and the social
environiment from flooding by uncontrolled flow of the river, scparate enginecring
scheme for the improvement of this porllon of Abacan River should be cstdblishcd as
soon as possible.

. (2) River Improvement Works

* The river improvement works for the scction of Abacan River between Friendship Bridge -

and Capaya Bridge, including sabo dam at the downstream of Friendship Bridge, would
~fix the river morphology when the work is completed. Permanent embankment on both
side of the river is designed to safeguard the residential and business areas as much as
- possible. There is no negallve impacls associated with thc river improvement works.

3) Channel;zmlon of Abacan Rwer

A small scumn of the river, approxlma(ely 1 5 km' upslream from Balley Brldge 10 {he

- exit of the river in Mexico is planned to channehzc Approx:malcly 4 million cu.m. of
- malerials is excavated from the section of the river in order to reinstate the flow condition,
- of the river. Although this is the work that wounld change the morphology of the river, no’
~adverse effect is expected 1o associate with the excavation. On the conlrary, the work:

would straighten the river channel to make smooth flow of water, Thereby flooding the
surrounding area during the rain season is eliminated.

1142 BIOLOGICAL ENVIRONMENT
mn wildlife H’tbml

No b:ologlcal cavironment in the Abacan River B’ism is ncgmvely affected as a result of
the project implementation. Rehabilitation of sabo dam is believed to provide habitat for
the ground dwelling wildlife. However, sabo dams would provide very small fraction of
wildlife habitat comparing to the natural enviconment. Thus there would not be a very
high cxpcctanon on nununng wildlife habitat by this particutar work.’

(2) Plammg Tree/Bamboo for Dike Protection
Planting bamboo on the dikes protecting residential and agricultural arcas would be

- effective not only to increase the rigidness of the dike structure but would also enhance
the growth of habitat for wildlife. Thereby bird and other insectivorous species would
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-to induce by these engincering measures.

1144 ENVIRONMENTAL MANAGEMENT PROGRAM

reiurn 1o the Jahar affected areas. This would also contribute to reduce the risk of locust.
population explosion to some extent. :

114.3 SOCIAlL, ENVIRONMENT
(1)  Spoil Bank

An area of 200 ha is required for spoil bank in the area near the exit of Abacan River
extenuation channel as 2 million cu.m of volcanic malerials are excavated from the river
between 1996 and 2000. The nominated spoil bank area can be in the swamp area
accessible from Mexico. Method of disposing the spoil is as follows:

-.Remove the top soit of the designated swamp area during the dry season;
Dispose excavated materials into the designated area; o
Back-fill the top soil on the spoil; :

Move to the other area as soon as the depth of spoil reaches (o 1 m;
Repeat the process until excavation operation is completed.

oan e

In this way the fertility of the spoil bank, most of them are privately owned agricultural
area, will be imaintained as much as possible. Because of the operation would actually
improve the swamp land into the productive year-round agriculiural area, the cost of
compensation for the improvement can be negotiable.

(2)  Increasing Sccurity on the Residential and Commercial Ar;eas

- The middle reach of Abacan River is subject to fusther river _improvcme'nl works in order |

to stabilize the river channel, This is the measure designed to safeguard the residential
and commercial areas on both side of the river at the section beétween Friendship Bridge

~and Capaya Bridge. Excavation of the river chaanel, construction of the dike on both
' sic}c of the river, and reconstruction of the sabo dam No.9 in the downstream of
“Friendship Bridge will all function to safeguard the residential and commercial areas on

both side of the river. 'Thus no significant impact on the social environment is cxpected

o
i
:

© (1) Agricultare DcvclopmenlPrograi.n as Livelihood Pro:gram =

' Major concerm over the livelihood program of he Study Area is agriculture rehabilitation

works. As ifrigation scheme development, soil rehabilitation program and pilot famiing: -
are discussed in the Agricultural Development Program in the Master Plan. Most of the
environmental management program related to agriculture is included in it.

@) Fuelwood Supply

There is nio way to reduce the pressure on the fuelwood supply within the Study Area
where there are a lot of evacuation centers are filled up with evacuees. Thus there is no
way to reduce pressure on cutting trees on Mt. Arayat. No afforestation measures would .
calch up the growth of demand on fuelwood immediately. The only way to reduce
pressure on the demand of fuelwood is to reinstate traffic conditions between Manila and -
Angeles City, increase the job opportunities, and gencrate the flow of LPG gas and
kerosene for cooking. : '

114.5 ENVIRONMENTAL MON!TORING PROGRAM |
The rate of tree cultinQ' on Mt. Arayat should be closely monitored in relation to the

monitoring on the demand of fuclwood within the Study Arca as well as the areas
affected by lahar, .

305



0001 10 81 T 69 oti- - 88 L %

ge'ee ¢ $19 16€TT  LEET 886 ¥96T 895 PRl

0001 I'0 €0 6'LE 96 g9 I £y %

609701 08 TLT 9096 67001 OpI'8E  986'T1  L6b'Y eSuedureg
oL SUON SO POOM  [B0oIey) - DT - OSSOy  AIDMIOd[g UNAATD.

uondnug oyl 123V q

$ansLAERYY GdeSowac] PUT SILO00-01208 DER-E'ON Moty “Fumnol pue vonendod O SUSUAD 0651 BOMOS

0’001 T0 LT 1’98 - 'y viT 8T sz - %

gR'eE IS 206 ER6'81  SRK'T SYTL EYEY g8 0L
Z60°Ll 019 €688 WL 186°¢. IS8T ssy. - uoRdaouD -
yeor 1S LT 018’ 0¥ 0581 w8 661 . seded
60T°9 - 61 - ozge €52 143 SRS 6L wequIes
: - ] . ORER ]

001 10 €0 - L% €L o Tvwr. 0Pl 4 %

60001 86 igg CGLG'6T  TIHL . 8sy'or - 019l I8y ol
gsTs . - . Sg eege T oggT 19 eyl . L wyauwes
TEC'T - - TEEo o . 9Ire . I£TT ®|y - OOTXON
68€'L 14! L1 £06'€ 1S€ 881°CT - LL9 6T1 | JueredeN
0SL'TT W s LTS'E - 900'T 66771 86T'E LTyl 1RIREQTN
001°T1 - 1€ OTL. . . 0I®T  OvTT 96T _ - jefery
8WSy T L3 8T5°S 0Ly SEL'YT  €08L W5'T R 39193y
: - S e3uedureg

e, UON] E..wﬁo - POOM ¢ TROOIRYD - 04T SUSSCIeY  Auooiy L URA/AND
R o S e - - uondrug o 210504 ®

wc_.ﬂooo J0 ]P0 JO 992008 Aq %ﬂoﬂﬁaﬁm “TTIY dIqeL

306



Table 11.2 Species for Slop Protection

Scientific Name [ocal/English Name
© Acasia auriculiformis A.Cuni. ex Benth. Japanese Acasia -
Pterocurpus inducus Willd, ‘Narra

Gliricidia sepium (Jacq.) Kunth. ex Walp.  Kakawati

Casuarina equisetifolia J.R.& G.Foster Agoho
Sesbania grandiffora (L..) Pers.  Katuray

Samanea saman (Jacq.) Merr. Rain Trec
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CHAPTER 12 SEDIMENT MONITORING IN PASIG RIVER
12.1 GEOMORPHOLOGIC CHANGES AFTER ERUPTION
(1) Pre-eruption Condition

Before the 1991 eruption, the Pasig headwaters were drained by four streams; Bucbuc,
Yangca, Timbu, and Papatac creeks as shown in Figure 12.1. The river channel incised
into a gentty sloping alluvial fan consisting primarily of pre-1991 lahar and alluvial
deposits. The stretch from the Angeles-Porac road to about Highway 7 (San Fernando -
Olongapo road ) has caused damage to farmlands and barangays. The Pasig River flows
into the Pasac-Guagua River, which pours into Pampanga Bay. This delta reach is flat
and coasists of silts and fine sand.

()  Immediately after the Eruption

On June 15, 1991, pyroclastic flow cascaded down the eastern slope from the crater of
Mt.Pinatubo. Pyroclastic flow material of 430 million m3 of 180 to 200 m high deposited
in the deep valley in the Bucbuc drainage. Outside of the canyon, the pyroclastic deposits
were observed at only 10 t0 20 m deep. ‘

Lahar occurred immediately after the climactic ci’uplion on June 15. According (o the

‘observation by PHIVOLCS, the early flows were reported to be almost certainly more
‘dilute and thus more erosive than those later in the June-September period, reflecting the _
~ gradual integration of the drainage system on the vast pyreclastic flow deposits upsiream o
“and the consequent increase in sediment conveyance. L .

3) © 1991 Lahar Events

- “The riverbed scouring began' with flows associated with the eruption, and the Mancatian
bridge was destroyed shortly thereafier. The scouring of 15 m was recorded a1 Mancatian

during August 1991.

* The most destrucﬁvé lahar in 1991 occurred on Septennbcr 7. T_hé Yangca: creck choked -

by the riverbed aggradation of Bucbuc creek with approximately S million m3 of

- pyroclastic flow material of 400 m wide. It functioned as a dam, and the volume grew to

< approximate 10 million m3 before its failure on September 7. The lahar due to the failure

- . of dammed lake caused the erosion of an additional 10 to 15 million m3 in the
- downstream reach. Then, the channel of Papatac Creek was scoured to as much as 20 m

below its pre-cruption riverbed, while the riverbeds of Timbu Creck and the Pasig River
were eroded 5 10 10 m as far downstream as Mancatian. This lahar buried parts of the
town of Bacolor with 1 to 3 m deep.
(4) 1992 Lahar Events o
A sccond blockage formed in early August 1992 as the result of a large secondary
pyroclastic flow along Papatac Creck. This blockage was larger than the 1991 blockage,

and more than 20 mitlion m3 of materiat filled the confluence area and Papatac Creek as
far downstieam as its conflnence with Timbu Creek. Storms on August 221030 and on -

~ September 3 to 4 transported the sediment of 10 million m3 to the tower Pasig river

basin. Deposition filled the channel around Mancatian, Mudflow deposits in the
overbanked areas were 1 to 2 m deep around Milla, Porac and about 0.5 m near Balas,
Bacolor. To ensure the passability of Highway 7, the road was raised by several meters
before the onset of the 1992 rainy season.
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(3) 1993 Lahar Events

Typhoon on August 17 caused a mudflow and 3 to 5 million m3 of deposition around
Mancatian. The deposits filled the channel for about 1 km upstream of Mancatian and
damaged thé northern portion of the b&rangay Flooding occurred in Santa Rita, where
lahar flowed through an uncompleted portion of the dike.

On October 4, 1993, typhoon Kadiang caused hyperconcentrated flows and mudflows
that delivered another 20 to 25 miltion m3 of material to the lower atluvial fan. Most of
the sediment was deposited in the southern overbank from Mancatian, Porac to San
Isidro, Santa Rita. During this event, furthermore, large scale landstide triggered by a
secondary explosion in the upstream reach of the Sacobia River, and the Sacobia
headwaters of 23 km? swerved into the Pasig-Potrero river basin . Figure 12.1 also
shows the topographic changes in the uppermost reach. -

- (6) 1994 Lahar Events

From the beginning of the 1994 rainy season, the lahar activily of the Pasig-Potrero River
. had intensified because that the increased catchment area of 23 km? with annexed

- pyrociastic flow deposits of 320 million m3. The secondary pyroclastis flows from
- annexed pyroclastic flow deposit field resulted not only the dammed lake of the Yangca

creek but also swerved into the Timbu creek drainage astride thin ridge. As a result of the

~ massive movenment of secondary pyroclastic flows, the valley from Timbu Creek down to

Watch Point No.5 had been fully buried with sediment of about 30 1o 100 deep, of
which the accumulated sednncnt volume in the Timbu valley was esuma{ed at about 37

mlll;on m3,

_ Mcanwhllc, the dammed lake at the mouth of Yangca Creek grew with impounded water

of 3 million m? as of August. The failure of dammed lake on September 23 duie to the
-passage of typhoon ergded an enormous volume of clogged sediment involving
impounded water, This lahar incised a wide and deep channel along the Pasig River,
-moved 1o the cast around Manibaug, and breached the left secondary dike about 500 m
‘downstream of the Angeles-Porac road. The lahar dcposnlron in !994 along the Pasig
‘River was observed mamly in Bficolor ‘ Co

12.2. STRUCTURAL MEA SURES’

River: nnprovcmcnl works and scdiment control measures had been undcrlakcn b
DPWH, before the 1991 eruption in the Pasig River. Major structures were dike wit
dry masonry in a stretch of about 4 kim upstream of the Angeles-Porac road to the mouth
on the right bank and about 2 km downstream of the road to the mouth on the lefl bank as

shown in Figure 12.2, aud three sabo dams, of which two sabo dams were built on

Papatac Creck and one was built on Timbu Creek. These dams were effective to store the

secondary pyroclastis immediately after the cruplion. However, the dams were colapsed :

duc to tremendous volume of lahar beyond the design candition.

. DPWH commenced to build the lahar retention diké in' 1993, although DPWH

concentrated to the rehabilitation works for the damaged primary dike which was 4 m
high and desilting its channel in order to confine the lahar into this channel,

After the 1993 rainy season, the secondary dike system of 6 m high was completed
partially expanding the inner arca of the primary dike system. Since the riverbed from the
confluence of Timbu and Papatac creeks to around Mancatian rapidly raised due to the

- enormous volume of lahar deposition by the middle of the 1994 rainy season, the left

- secondary dike was extended to Watch Point § to prevent lahars from intrusion into the
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Angeles City area. In addition, the construction of right tertiary dike was also commenced
at the same time.

During the 1994 rainy season the inner area between the secondary dikes were completely

filled up near Maliwalu, Bacolor, about 3 km upstream of the Angcles-Porac road.

Furthermore, the September 23 lahar caused by lake breakout of Yangca Creck
encroached and entered Gugu Creek far beyond the secondary dike.

" After the 1994 rainy season DPWH commenced construction of the Gugu tertiary dike,

the Matiwalu-Bulu dike and the sccondary dike upstream of the Angeles-Porac road up to
the hillside on the right bank. Although the tertiary dike system was almost completed
before the onsct of the 1995 rainy season, the first big-scale lahar on June 1 to 7in 1995
easily breached the Gugu tertiary dike about 1 km downstream of the Angeles-Porac road
because of no slope protection works. ‘In the June to July lahar events, dike breached
frequently around the Angeles-Porac road on the left bank, while the right tertiary dike
was not damaged in 1995 because the right bank received only a few lahars,

Afler the dike breach about 300 m upstream of the downstream end of the Gugu tertiary
dike on August 21,1995 the situation in the whole stretch of the Pasig-Potrero River has
drastically changed. The active channel deeply incised into not only the lahar deposits
after the 1991 eruption but also pre-eruption alluvial deposits, and frequently meandered
over the deposits. As the result, many portions of the Gugu tertiary dike were completely

~ eroded or damaged in a stretch of about 2 km downstream of the Angeles-Porac road to
its downslream end.

" 12.3 LAHAR MONITORING IN 1995
. (1)~ Junelto07 Lahars
- During the June 1 lahar event iriggcfrcd by the hourly rainfall of 32 tlmlhﬂir; the left

~ secondary dike was breached at the junction with the Angeles-Porac road, and the Gugu
tertiary dike was also washed out near Calzadang Bayu, Porac, while lahar flow

overtopped the right secondary dike on June 7 along the old channel. The sediment
deposition arca is illustrated in Figure 12.3. According to the PHIVOLCS observation,

- atleast 0.5 to 1 m thick of material was deposited after the secondary dike breach, and in
- the area downstream of the Angeles-Porac road at least 0.75 m thick of deposition ' was
- found by spot survey. - o - S

L@ 'J“l)"l?.tollil.aharé .

The frequent evening showess from the beginning of July may have saturated the
subsurface of the Pasig-Potrero headwaters, and lahar occurred even by small-scale

‘rainfall in the middle of July. A great amount of mudflow or hyperconcentrated flow

continued for 0.5 to 1.5 hours with high sediment concentration of more than 50% by
volume according to the PHIVOLCS data and the field sampling. - ; : :

Lahat flow overtopped and washed awa’} the teft secondary dike about 2 km upstream of

- the ‘Angeles-Porac road, and then breached two stretches of the Gugu tertiary dike

downstream of the road. Figure 12.4 also illustrates the sediment deposited area in this
event, The estintated volume of sediment deposition was some 5 million m3 on the basis
of the interview and spot marking survey. - .

(3)  July 18 Lahar
The lahar was triggered by short-duration rainfall with moderate imehsity of 60 mm from

17:30 to 18:30 on July 18. At 18:50, lahar flow of 3.7 m decp was observed at Watch
Point 5. Then at 19:40 lahar of 2.4 m deep flowed in the center channel at Mancatian,
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while another flow 1.2 m deep was obscrved toward the Gugu tertiary dike, as reported
by DPWH. Figure 12.5 presents the sediment deposited arca in this event. The
estimated volume of sediment deposition was some 2 million m3 on the iniier area along
the right tertiary dike, while there was no significant deposit on thie upstream area of the
Maliwalu-Bulu dike. After this cvent, the freeboard of Sta. Barbara bridge was reduced
to about 0.4 m in the center.

{4) -July 27 to 30 Lahars

The destructive lahar on July 30 was triggered by the passage of Typhoon Karing.
Figure F.34 shows the typical hyctograph and lahar hydrograph on July 30 observed by
the PHIVOLCS telemeiry system. The left secondary dike was breached at about 3 km
upstream of the Angeles-Porac road. Then the Gugu tertiary dike was also breached over
a 1 km stretch around the Angéles-Porac road. The lahar flowed down along the course
of Gugu Creek and a part of lahar finally entered Palawe Creek. This lahar, for the first
‘time, encroached the eastern areas beyond Gugu Creck that were previously unaffected.
Anothier flow ran down along the Gugu tertiary dike and the Maliwalu-Bulu dike and

deposited much material instde of the dike system. In the downstream reach the lahar

overtopped the Santa Barbara bridge and the immediately upstream left dike. The area of
sediment deposition in this event is shown in Figure 12.6.

The July 27 to 30 lahar was the last lahar event that breached the tertiary dike around the -

Angeles-Porac road in 1995. During this évent, significant channel incision started from
the fan apex, around Delta 5, toward the downstream reaches. Furthermore, based on the
ocular investigation, the sediment concentration of lahar may have become lower than the
previous mudflows afier this event so that the sediment transporl mechanisins in the
subsequent lahar events may be hyperconcentrated flow. The estimated volume of

sediment deposition is about 15 million m3 based on the interview and spot marking .

SU[VC)’.
(5) August 1510 19 Lahars

o Th'c‘Augu'st 15 to 19 tahar event was not,lérge,- but it was the onﬂy case where lahar

- . material was deposited on the right bank of the Pasig-Potrero River in 1995 as shown
* Figure 12.7. On August 17, lahar flow buried and overtopped the Santa Barbara bridge
- of Highway 7 with 0.5 m thick deposits. Lahar material accumulated behind the dammed |
-~ bridge, and finally a low portion of the right dike 200 m upsircam of the bridge was
- breached. Subséquent tahars had foltowed through this breached portion and spread out
over the low-lying areas. In addition, these lahars accumulated a maximum of 4 m thick

. inside the lower streich of the Gugu (egliary dike.

(6) August 28 to September 3 Lahars

After the August 15 to 19 lahar event, the lower past of the catch basin enclosed by the
- - Gugu tertiary dike was filled up with lahar deposits, and serious lateral erosion was

- observed at some portions along the lower part of the dike. Finally, on August 21, the
| Gugu tertiary dike 300 m upstream from its downstream end was breached by flood
©iwater. _

o f'l‘hé August 28 10 Septéh}ber 3 lahars, which \Qerc'trigge'red' by 'l_‘yph'oon‘G.ening and

‘Helming, followed through this path to the downstream areas, and then completely
‘buried Bacolor tawn proper. The lahars also buried or swept out Highway 7 over a

stretch between the Santa Barbara bridge and a bridge of Gugu Creek. The field survey

could not be conducted until early October because of poor accessibility into the affected
area. The area of sediment deposition in this event is presented in Figure 12.8 on the
basis of the ficld survey results on October 3 to 4.
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During this event deep channel incision proceeded not only along the Pasig-Potrero River
but also along Timbu Creek. The active channel after this event was found to be 100 m
wide and 15 to 20 m deep from Delta 5 to the Angeles-Porac road, and 50 to 70 m wide
and 6 to 12 m deep downsiream of the Angeles-Porac road. On September 9 the Gugu
tertiary dike about ! km upstream of the August 21 breach point was newly breached by
progressive bank erosion, and then flood water from the Pasig River spread out through
this path so that sediment deposition extended wider to the eastern arcas near Gugu
Creek. This effect is also reflected in Figure 12.8.

(1) Scptember 30 to October 1 Lahars

The active channel incised deeply on the sediment deposit surface even by 4 to 6 m at the
dike breach point. In order to prevent the expansion of flooding area, DPWH had tried to

- divert surface water back into the cénter channe! about 3 km upstream of the Maliwalu-

Bulu dike since the August 21 dike breach event. In late September the diversion was
successfully completed to discharge surface water into the center channel.

The September 30 to October 1 lahars occurred due to the passage of Typhoon Mameng.

" The daily rainfall of 250 mm was recorded at upper Sacobia station on October 1 . The

passage of Typhoon Mameng triggered five moderate (o big scale lahars that affected the

" low-lying areas in Bacolor and San Fernando. The most severely affected area was -

Barangay Cabalantian, Bacolor where deposits are as much as 4 to 5 m thick. The
affected areas expanded beyond Palawe Creek and the San Fernando River as shown in

- Figure 12.9, The estimaied volume of sediment deposition is about 22 million m3 on the

basis of the interview survey conducted on October 3 to 4.

During this eveit flood water heavily re-eroded lahar deposits, which were accumulated

~ " in the previous events, in lateral and vertical directions. The Pasig river channel
. meandered with sharp bends inside of the dike system from Watch Point 5 1o the

downstream end of the Gugu tertiary dike. The flood runoff breached the Gugu tertiary
dike near the September 9 breach point, and then traversed the Gugu creek dike toward
San Fernando. . o : '

12.4 GEOMORPHOLOGIC CONDITION IN 1995
124.1 LAHAR DISASTER AREA I '

~ - Based on the lahar monitoring survey results, the lahar disaster map was made overlaying
the previous lahar deposited areas as shown in Figure 12.10. The affected arcas by year

are as follows: : _
Year . Newly Affecied Arca

1991 37 km?

1992 _ 6 ko2

1993 L 5km?
1994 30km?
1995 . _ 19 km?
Total 97 km?

The arcas affccied incfmnen;a]lj y lahars tend to expand mainly soitheastem-ward in the
1994 and 1995 rainy seasons after capturing the Sacobia headwaters. '

Table 12,1 summarizes the major lahar events in 1995 and 86 million m3 of sediment
deposition in 1995 was estinjated. As mentioned in the lahar events in 1995, a remarkable

- amount of channel erosion occurred in a whole stretch during the 1995 rainy season. In

order to estimate this volume, simple cross-seclional survey with an interval of 1 ki was
conducted in September and in mid-October. Table 12.2 summarizes the survey resulis
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and 41 miltion m3 of channel erosion volume was estimated, Comparing both figures, 45

niillion m3 in volume was computed as a source material transported from the pyroctastic
flow deposits.

Regarding scdiment transport capacity along the Pasig-Potrero River, sediment sampling
and test were conducted at the three sampling points, Delta 5, Mancatian along the
Angeles-Porac road, and the Santa Barbara bridge. The results are itlustrated in
Figure 12.11. Scchmcnt sampling observed twa times of high scdiment concentration
flow with a longitudinal change. The results present a clear contrast of sediment transpoit
mechanism as follows:

(1) - The June 3 lahar with sediment concentration of 58% by volume reached the
domain of mudflow at Delta'5 (2 to 3% in slope), but sediment concentration
reduced to 27% when the flow traveled to Mancatian (about 1% in slope).

(2) - Sediment concentration of the August 25 lahar became higher as the flow ran down
to Mancatian; sediment concentration of 30% was observed even at the Santa
Barbara bridge (0.2 to 0.3% in slope).

These characteristics of lahar may be due to the difference between mudflow and
* hyperconcentrated flow. The results 1nd1cale the following facts as often observed in the
field:

(1) . Mudflow can reach up to the Angelcs -Porac road, then reduce its concentration -

‘with some deposition or overtop the dike and form a natural levee as a deposition if
the lahar is big-scale.

(2) Hyperconcentrated flow can incréase sediment concentration through entrainment
of sediment supply by bank crosion on the riverbed of even 1% in slope.

3) 1 Iypcrconccmratt:d flow can travel to the lower reaches of 0.2 to 0.3% in slope, if it
flows down in the COnﬁncd channel w:thout shallow overbankm g outflow.,

‘Figure 12,11 also shows the lyplcal resulis of sednnent material test in scale. The hulk

“density was estimated at 1.8 to 1.9 ton/m3 of the June 3 lahar at Delta S and of the August
25 lahar at Mancatian, while it was estimated at 1.6 ton/m3 of the August 25 labar at the .

- Smn Barbara bndgc The comems of lmnsportcd material are summarized below.

'I‘ypcof Malcm! ‘_ " -‘ mle _[ahar Ma[enal 'S!a. Barbara Br.

.. (Particle Size Range)  onlJunc3 . Mancatian on Aug. 25 on Aug. 25
Gravel (2 10 32 mm) 19 % 14 % 5%
‘Sand (1/16 to 2 mmy) 9% 65 % 51%

St (6 mm ___42% : N % . M

12 4 2 S!TUA?ION OF SEDIMENT SOURCE AREA

' In the carly 1994 rainy season, the river course of Bucbuc Creek was dwerted from the

~* clogged Papatac Creek into T imbu Creck, then secondary pyroclastic flow deposits of

about 37 million m3 accumulaied in the Timbu valley. Timbu Creek has no natural
narow path along its valley except for its constricted outlet, while Papatac Creek has a

- long narrow path downstream of the confluence with Yangca Creek. In addition to

increase of surface water by capture of the Sacobia headwaters, the diversion of Bucbuc
Creek into Timbu Creek has iniensified the lahar activity,

- Afier this massive movement of secondary pyroclastic flows into Timbu Creek, lahars
generated in the headwalers have been increasing in size by involving deposits along the
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Timbu valley. A field investigation was made on Timbu Creck on S_eptcnibcr 28 to clarify
the situation of erosion, and an aerial survey was conducted on October 6, 1995 1o verify

the change caused by Typhoon Mameng. At the Timbu creek channel, it was observed f

that deep incision and wide lateral erosion had developed on the secondary pyroclastic
flow deposits by 30 m deep and 200 m wide immediately upstream of the dyownmosl
constriction, and by 40 m deep and 100 m wide about 2.5 km upstream. Surface water of
Timbu Creek flows down braiding on such wide and flat beds. :

From the results of those surveys, it is estimated that about 20 million 3 of secondary
pyroclastic material was eroded and transported downstream during the 1995 rainy
season. Based on this estimation, almost half of the 45 million m3 source material was
transported from the Bucbue Creek drainage and the former Sacobia headwalers, while
the remaining half was re-mobilized from-the secondary pyroclastic deposit on Timbu
Creek. As a result of heéavy erosion during the 1995 rainy season, the secondary
pyroclastic flow deposits on Timbu Creek were reduced by half.

Regarding the possibility of re-capture of the headwaters by the Sacobia River, it was
found by the aerial survey that the difference of elevation between both river courses
around the piracy point became bigger, extending more than 100 . This indicates that
there is only a little likelihood of re-capture for the time being. '

124.3 RIVERBED FLUCTUATION =

- After the 1991 eruption, the Pasi g.River channel frequently and rapidly fluctuated under

the influence of the big-scale lahar events that occurred in the headwaters such as
secondary pyroclastic flow, blockage and fake failure, and river piracy, :

Figure 12.12 presents éhanges of the Pasig-Potrcr;o'riverSed from pre-eruption as a

" longitudinal profile. The riverbed around Watch Point 5 aggraded 20 m higher in
-5 months from March to August 1994, while the riverbed around the Angeles-Porac road

was raised by only 2 to 4 m for the same period. The figure indicates that there are clear

.+ hinge points, at which channel slope increases, about 2 km upstream of the Santa Barbara

bridge, near Dolores in Bacolor, and néar the Angeles-Porac road. Around those points

© . there is a tendency of frequent occurrence of overtopping and dike breach because
- decrease of sediment transport capacity causes sediment deposition and channel

aggradalion around the hinge point due to change of riverbed gradient.:

ARterthe Jﬁiy 28 10 30 lahar event, the rivér channel defvefopfne‘nt,‘ process around Watch
- Point 5 apparenlly charnged to erosion of deepening and widening. This process has®

rapidly influenced the whole siretch of the Pasig-Potrero River since the downstream end -
of the Gugu tertiary was breached on August 21.

During the passage of Typhoon M_amehg on October 1, the river course heavily
meandered with many sharp bends, and incised pre-eniption deposits, and was widened

by headward and laieral erosion as shown in Figure 12.13. The Pasig-Potrero river .

channel was incised by 15 to 30 m in the siretch of Watch Point 5 up to the Angeles-
Porac road for the period from July to October 1995 as shown in Figure 12.12. Those
river-morphologic changes may be a siga of rapid decrease of sediment supply from the
source areas of BPPFE. ‘ ' o

1244 RIVER MEANDERING

As diminishing the sediment supply from the upstream reach, the Pasig-Potrero river
channel also meanders frequently in the stretch between Watch Point 5 and Gugu tertiary
dike. According lo the field observation in 1995, the following phenomena may
predoniinate to the occurrence of medandering.
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(1) Blockage by old pyroclastic flow deposit

Ja the meandering portion where the river channel changes sharply its flow
direction, the yellowish old pyroclastic flow deposits with rather hardened
materials were frequently identified at the bottom of river bank. The difference of
cohesion/hardness between pyroclastic flow deposits of 2,000 years ago and
those in 1991 may result in sharp meandering of river channel,

{2) Collapse‘ of River Bank

The collapse of river bank was identified immediately after medium- scale flooding
along the river channel. These collapsed river banks may trigger the sudden
change of river channel with sharp bend.

Also, the following figure shows the schematic diagr‘am of formation of river terrace and
linear erosion ( K.Yamamoto,”Alluvial River Morphology”,1994):
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The figure shows the linear concentration of river flow including groundivater erodes the

- opposite bank and the river channel swerves into the vicinity of opposite bank. Then,

- furiher deepening of river channel occurs. According to the field observation in the
- Beatton River in Canada and the Teshio River in Japan, the horizontal distance between

lincar crosions is identificd at two to three times height of river bank. The volume of :

bank collapse is almost equivalent to the erosion rate by predominant flood of once in 20-

- years, and the time interval of development of lincar erocaon IS esumated at 27 years in :

the Beatton Rwer and 20 years in the Teshio Rwer

" 1245 DEEPENING OF RIVER CHANNPL

As shown in hgure 12,12, the riverbed gradient is kept at | /55 t0 1/60 (about 1 degree)
in the upstream reach from Watch Point No.5 down to Angeles-Porac road. In this
siretch, the riverbed slope is rather smooth without any change of riverbed slope where
sediment deposition occurs. The decpening of this strelch is depend on the change of

relalive height when the river channel swerved along the Gugu tertiary dike in Scptember

. 1995, The deepening progressed down to Gugu tertiary dike (8 km in the Figure 12.12)
. with a slope of 1! 130 10 1/140 (about 4 degree).

e In case that the rcinfouemcmfrcconstrucuon of dike is carried out around the downstream

‘reach, the downstream area will function as catch basin for sedimentation. As far as the

- sediment deposition surface is kept by the catch basin, the riverbed slope may be kept in

© the upstream stretch from Angeles-Porac road and the deepening of river channel in the
‘downstream from Angeles-Porac road may be tenminated.

As for deepening of river channel in the uppermost reach, many lateral holes were
observed at the lower part of river bank above water surface wheén the riverbed incised
suddenly.. The riverbed may be deepened in accordance with the lowering of
groundwater level at both banks.
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12.5 FUTURE PROSPECT OF SEDIMENT DELIVERY
12.5.1 ANNUAL SEDIMENT DELIVERY FROM SOURCE MATERIAL |

Regression analysis was made using the actual sediment deposition data combining each
deposit among the Sacobia, Abacan and Pasig basins as shown in Figure 12.14.

Sediment delivery in 1996 was statistically estimated at 34 million m3 from EPPEF. As
for sediment delivery to the Sacobia River, its volume in 1996 may be negligible taking

into account the actual lahar deposit of about 4 million m3 in 1995 by comparison.

Thus, 34 million m3 of lahar material is expected to be delivered mainly along the Pasig
River system in the 1996 rainy season,

Before the onsét of the 1995 rainy season, the remaining pyroclastic flow deposits were

estimated at 475 million m3. Qut of this amount of material, 37 million m3 of material
was already re-mobilized onto Timbu Creek by secondary pyroclastic flows in the carly

1994 rainy season. During the 1995 rainy season, 25 million m3 of lahar material was

transported from the former Bucbuc and Upper Sacobia drainage, while 20 million m3 of
Iahar material was eroded from the deposits accumulated on Timbu Creek. Thus, the

remaining potential sources to be delivered in the future are 413 million m?3 in the upper
drainage and 17 million m3 on Timbu Creck. If the attenuation rate of 0.46, which was
figured oul dividing 17 million m3 by 37 million m3, could be adopted only to the
deposited material on Timbu Creek, 9 million m3 of secondary pyroclastic material may -

~ be eroded in 1996. :

- Mudflows are generally formed by the collapse of high, hot pyrocléslic banks into rapidly

moving storm runoff in confined channels. The secondary explosions also contribute to
the formation of mudflows by (he sudden supply of enormous loosened material into the
storm runoff. Based on the aerial survey of the headwaters, the predominant processes of -

channel devclopment had been deepening and widening, and the previously confined
- deep channels had become wider so that chances of mudflow formation might have

rapidly reduced. Table 12.3 and Figure 12.15 summarize the events of lahar and
secondary explosion observed by PHIVOLCS. - o

* | This figure indicates the occurrénce of big-scale lahar in 1995 has rapidly dintinished in
- comparison to the’ 1994 situation. :Furthermore, a.number of big-scale secondary
~explosions has also reduced by one fourth in 1995 compared with the 1994 events as
- shown in Table 12.3, and miassive movement of secondary pyroclastic flows was not

~ found through the aerial surveys during the 1995 rainy season. - : ‘

These facts indicate that the source material has become gradually stable and chances of
mudflow formation also may have been drasticalty reduced. Thus, the predominant
sediment transport processes could be forecasted as hyperconcentrated flow and muddy |
water in the 1996 rainy season. - o '

' In accordance with the change of predominant sediment transport processes, material

transported fcom the upper drainage areas may decrease by half based on the difference of |
sediment transpori concentrations betwcéen mudflow and hyperconcentrated flow. Thus,

13 million m3 of pyroclastic material is predicted to be delivered from the upper drainage -
areas. .

Based on the field inyestigation and the comparative consideration of the actual sediment

delivery in 1995, 22 million m3 of source materal is estimated to be delivered in 1996.
On the other hand, sediment delivery in 1996 is statistically estimated at abeut
34 million m3, Combining both resulls, 22 to 34 million m3 of source naterial will be
transported from the headwaters in 1995.
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12.5.2 SEDIMENT DELIVERY IN 1996

As shown in Figure 12.13, once big-scale hyperconccatrated flow or storm runoff
occurs, frequent and sharp meandering wilt develop through heavy lateral and headward
erosion along the river course. According to the field survey results, almost half of the
sediment deposits in 1995 has been supplied from these processes. Since chances of
mudflow formation has been drastically reduced in the headwaters, the existing deep and
wide channels on the alluvial fan arc unlikely to be filled up again by massive mudflow in
the 1996 rainy season. Therefore, widening and down-culling channel development may
continue in 1996. Although the magnitude of channel erosion witl gradually subside and
become stable in the future, heavy erosion and meandering is expected to continue for the
time being.

The volume of channel erosion apparently depends on the frequency of new river course
development and intensity of meandering. Up to the present, the actual sediment transport
capacity in the Pasig-Potrero River shows a big difference from the hydraulic estimate
using bed load and suspended load transport equations. Assuming that the maximum
volume is produced by the same processes as 1995, newly forming incised channel and
meandering, 41 million m3 of channel erosion is estimated, the same amount as in 1995.
Assuming that a minimum volume is produced by a half wavelength progress of
meandering and burying old channel by half which is a natural tendency of progressive

“meandering based on the ficld observation, 21 million m3 of channel erosion is estimated,
half of the 1993 erosion rate. '

As sumimarized above, sediment delivery of 22 10 34 million m3 from the source material -+

and 21 to 43 million m3 by channel erosion are predicted for the 1996 rainy season. In
total, 43 to 75 million m3 of sediment will Be ransported to the downstream reaches and
“bury the low-lying areas if proper countermeasures are not taken. These predictions are
based on average conditions, so that weather disturbances may cause some deviations
_from the predictions.

' 11253 LAHARS UNDER 1995 TOPOGRAPHIC CONDITION IN PASIG RIVER

“The flow and sediment transport in 1995 was simulated based on the topdgraphic

‘condition simulated in the previous section under the following condition.

: Topograph'i'c dai’a e DTM produced in the 1994 simulation study

;- Arcaof analysis -+~ 27 kmx 10 km

i : ¢ Mesh si_zQ o 100 m x 100 m

-Hydrograph : - Combination of three hydrographs '
. Peak discharges 1000 m3/s, 500 m3/s and 100 m3/s

Triangular shape of 5 hours duration for each hydrograph
One year simulation equivalent to 5 cycles
Sediment concentration = 30 % for 1000 m3/s,
' 10 % for 500 m3/s and
5 % for 100 m3/s

© On the basis of the ficld observation in ‘1995, it was assumed that the sediment
concentrations of lahars were lower in 1995 than those in 1994, The total flow aniount
in this siudy was equivalent to 14.4 million m3 including 32 mitlion m3 of sediment and
" 112 million m3 of water in volume. Figure 12.16 shows the distribution of the maximum
water depth on the topographic map. The results can also be compared with the
chronological changes of Pasig river basin in 1995, The lahar flows were shifting
towards the left hand direction downstream of the Angeles Porac road in 1995 and the
situation was well expressed in the simulation study. The break of GSO highway,
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