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11, PROJECT RFFECT
2.1 Technical Particular:ty
2.1.1 Risk Analysis and Identiflcatlon of goning Area
Devastation due to mud/debrxs flows on the glope of Mayon volcano
was studied by field observation and comparative 1nterpretation of

_aerophotos taken in 1980 and 1982, Based on these data, the cisk

analysis includxng the devastation area due to mud/debris flows were
carried out, The devastation area by nud/debris flows at ‘the Eoot of
Mayon Volcano amounts to 1, 329 ha in 1980 and 1,767 ha in 1982 as
summarized below, The devastation area_by nud/debris flows even before

1980 is also abstracted by the microreli¢f and vegetation of the area.

Devaététion Avea in 1980 and 1982

River Basin ' Area in 1980 Area in 1982 Incréase of
{ha) {ha} Area (ha}
Quinali {A) 788 974 186
Quinali (B) ‘ 40 42 ' 2
Yawa _ _ 271 430 ' 159
East and Northeast 230 321 21
Total 1,329 1,767' 438

Remarks: <Quirangay, Tumpa,'Manihila, Masérawag, Cgsong and Nasisi
Rivers in the puinali {A) River basin, Anuling, Budiao and
Pawa-Burabod Rivers in the Yawa River basin, Buyuan, Matanag

and Basud Rivers in the Bast & Northeast area,

General conditibns of the devastation in the prdject'éréa are _

described in the following paragraphs.

(a} Even before the 1981 disaster, the rivers rﬁnning along the SE-SW
side of the slopes of Mayon Volcano had suffered from devastation
as a result of past_mud/debrisrflows to a more marked degree than
those running along the other sides.
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(b)

{c)

(d)

(e)

A8

(9)

(h}

similarly, largé accumulations of mud and debris are observed in
the beds of rivers running along the SE-SW side oE the volcano's
lepes even_before the 1981 disaster. These seem to he cavsed by

Mayon Volcanb's eruptiohs in 1968 and 1978.

Thére is no signifxcant change in the lava fiow and pyroclastlc
de9051ts 10cated above El. . 1,500 m on the slopes of Mayon

Volcano, It is not conceivable, therefore, that these phenomena

are attr1butable to the mud/debrls flows which occurred 1n 1931,

The f611owing'tivers were seriously affected by the 1981
mud/débfis flows: Anuling'Riéer: Budiao River; Pawa-Burabod
River. The Ogsong River was affected to a moderately serious

degree,

Mud and debris flowed and spread along each of the above rivers in
areas below EL. 156 m (downstream of the Provincial Road).
However, areas.upstream of the Provincial Road were devastated in
the Anuling 2 and Ogsong Rivers. In addition, river‘channel

EIOSiOﬂIOCCU[red along the Ogsong River below the Provincial Road.

The following rivers were slightly affected by the 1981 mud/debris
fléws: Quirangay River; Maninila River; Masarawag River; Nasisi
River, - - '

Large accumulations of'mud and debris are cbserved in sections of
these rivers between EL. 350 m and EL. 500 m. The gradient of the

river bed in each case is approximately 10 degrees,

Grouﬁd water emerges as surface water between EL. 100 m and EL.
200 m and gushes down the slopes across the Provincial Road. The

gradient of the river beds is approximately 3 degrees.

A feature oE Mayon Volcano is its alternate accumulations of lava

flows with a relatively high consolidation (average thickness:

. 2-3 m) and pyroclastics with a relatively low consolidation.
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Specifically, ﬁhére'pytbolastié'hatétiai is deposited under a lava
flow, the pyroclastic material is first washed out allowing the
lava flow to‘siide downwards under itd own wéight."This'tesults
in deeﬁer and more widespread devastéEiOn of the gﬁilies;

" Risk analysis was carried cut by the results of the study for

danger zones and saféty zones, Also sheltér zones up ko 20 places have

been selected around the main villages. In addition to the shelter

ZORes; the emergency evacuation areas were selécted temporarily in the

project area.

The identification of zoning area was made according to the

following criteria, and Danger Zone Map for Mud/debris Flow (Scale:

1/50,000) was prepared in this section.

{a)

{b)

Danger zones

These zones are defined to be tﬁe areas where the traces of
mud/debr is flows are clearly identified in aﬁd'before 1979 and
1981, Thé areas extending from either the end point of gully or
the top of fan down t¢ the boundary with alluvial plain, even
where the traces of mud/debris flows are not ¢clearly recognized,
are defined as danger zones. The rallway, roads and river

channels are also taken as boundaries,

Safety zones _

These zones are selécted outside the above danger zones where
gullies upstream are not devéloped; Furthermore, these zones are
mainly selected based on the safety against mud/debris flows and
mud flows. However, the disaéters due to ﬁblcahié'activities are
not considered in selection, since the forécastihg of'disasier due
to lavas, volcanié ejecta, grbwlng:clouds, héat mud flows, etc, is
very difficult,
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(é), Shelter zones o :
These zones are selected mainly agalnst mud/debris flows excluding
.volcanic activities.‘ However, the selection and delineation of
the area is made ‘based on the topographic conditions due to
xnterpretation of ae:ophotos. The selection of shelter zones is

made under the following conditions;

- The.shéitér zoﬂe shaii no£ be selected within the danger zones
1n princlple. ‘ .

- If the shelter zone is selected on hills within the danger
zones, the Safety is carefully studied and conflrmed agalnst
disasters due to mud/debrxs flows, flood inundation and
‘landslides.

- The sheléter zones shall be selected at the places in and near
the barangays and the municipalitles to ensure the relief

activities,

'(d) Emergency evacuatxon areas
In addition to the shelter Zones, emergency evacuation areas are
selected_temporarily_by only interpretation of aerophotos. The
seLQCtiOn_of thése areas are made under the following conditions

in addition to these for shelter zones;

-~ Areas are selected as a temporary and emergent areas for the

evacuation activity due to mud/debris flows,

~ Areas are located in and near barangays, and are with road

_connection.

- 8ignifieant mud/debris flows are observed along rivers on the
-'south and southwest sides of Mayon Volcano. The rivers affected by

__’mud/debris flows are the Anuling, Budlao, Pawa-Burabod, QOgsong and
"Masisi Rivers.
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Aefophotos taken in 1980 and i932 show that the areas éffécted by
mud/debris flows extend down to the lower terrain and alluvial pléiﬁs.
However, the incidence of damage as a result of mud/debris flows is
apparently limited to the end éf the fan areas, wheie the gtadieht is
2~3 degrees. Also, some alteration is observed in river channels

within the fan area before and after the disasteis,

The conditioﬁs described above ate a further indication that
similar danger exists throughout the area around Mayon Volcano, The
lower reaches of rivers which have been subject to mud/debris flowé and
to devastation of gullies in their upper reaches, are particularly

risky.

.On the basis of the risk analysis described above, areas
unaffected by mud/debris flows and where there is no devastation of
qullies in the upper reaches.of rivers are designated safety zones, In
addition to the areas around Mayon Volcano, other safety zones exist at
the end of the north and east fans, around the Yawa River.and Mahaclika
National Highway.in the south, and in the mountainous area adjoining
the SW-NW side of the voléano and within the reaches below

approximately EL. 100 m of the Nasisi and the Ogsong Rivers.

In villages where devastation by mud/debris flows is likely,
shelter zones and emérgéncy evacuation areas are selected, As a rule,
these must have suitable houses and facilities for refuges. Where éuch
areas are too distant, howéver, tablelands freé from the risk of
nud/debris flows, flooding and devastation are selected instead even
within the danger zones. The shelter zones and emergency evacuation
areas should be finally established in due consultation with the

relevant authorities and by further study for the above criteria,

Prior to establishment of the shelter zones, emergency evacuation
areas and the proposed disaster'prediction and warning system, the
possibility and information of the disastei due to mud/debris flows
shall be first disseminated to fnhabitants in the project area through

circular notice, congregation, poster column, eto.
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'2 1. 2 Sabo Project

(1) General - L o ‘ .

The Objective of Sabo plan is to ensure safety control on” Sediment‘-
discharge 1n the whole river ba31n. They are generally 013531E1ed into
two': (2) categories. namely One (1} 'R;ver Basin Hanagement of Sedlment“
and two () "Sabo Wozks for. Preventnng Dlrect DLsaster “due ‘to

© Sediment”.. The olassification is based only on’ the 10cat10n and effect

of the Eacilities.u The Stage—I c0nstruct10n works are- ideutifled as an
urgent Sabo pro]ect based on the re—study of the Master Plan, '

" The Sabo project'shouid implemented in a long term. : The
propOsed Sabo plan has been made based on the pfesent river conditions :
and the recent disaster due to typhoon “Daling . Therefore, the
detailed deszgn of Sabo facilities should.be modified timely and.
proper 1y pr10r to and during implementation erlod, taking 1nto account?
the changes of topographic conditions due to heavy rain and unforeseen

mud/debris flows in future,

{2) Subject Rivers .
Subject rivers of the Stage-I construction works for the Sabo
project ave streams of the Quinali (A) River and the Yawa River basins

around the southern slope'of Mayon Volcano.

" There are three (3} tributaries to be treated as the rivers for

Stage-1 construction works in the Quinali (A) River basin. They are

- the Qulrangay River which passes agcross Camalig, the Masarawag River

which . passes across Maharlika Hational Highway between Camalig and
Gu1nobatan, and the Nasisi River whlch passes across the L1gao—Tabaco

National Highway.

_ The Yawa River gathers three (3) main streams on ‘the southetn to
southeastern slope of Mayon Voleano and other small streames from the
southern hills which are outside the scope of this study. The three
(3) streams are the Anuling River whxch has two {2) torrents of the
Anuling 1 River and ‘the Anuling 2 River, the Budiao River and
Pawa-Burabod River.

-2 -



N I Priotity and NeceSSxty of the Sabo Works :

s During typhOOn “Daling“ in 1981, the mud/debris flows occurred and

caUSed great disasters on the southeastern to southwestern slope of

_ Mayon Volcano.n herophotos cévering the project area were taken two (2)
" times beEOre and’ after the typhoon: in 1980 and 1982 respectively The
rOugh amount of sediment runoff and the conditions of devastation in
respectiVe rivers were studled by the aerOphOto 1nterpretation. ‘These
data and informatLOns obta1ned are very important because there were no

.data for sedxment runoff and yield in the area to date.

The priority of implémentation of the Sabo works in subject tivers

including those for the Stage-II- construction works are classnfied into

3 categories (First Priornty, Second Priority and Third Priority)
depending onh such factors as degree of devastat1on, main objects to be
protected and ne06551ty of Sabo works. It is summarized in the

following table.
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'(e) Sediment Control Plan -and Sabo Faczl1txes Arrangement Plan j

' In the Sabo plan, 1t is important to estimate the sedlment amount.
.transported as mud/debrls flows or dense sedlment flows caused by major
Eloods. ‘In the Master Plan, the empirical Eormula proposed by Ashida
and OKumura was employed to estimate the sediment runoff volume. - The
coefflcient of the formula is re—studied because the sediment runoff 2
volume ﬂuring typhoon “Daling is estimated by 1nterpretat1on of the
two (2) series of aerophotos. The sediment runoff volure at the base
po1nts is estimated Eor the design flood with a return period of 50
years. The base polnts and sub-base points for ‘the Sabo plan are
presented in the Supportxng Report I.

: Sediment control plan is made to reduce sediment yxeld and to
" check or retard sed1ment runoff by the proper ‘arrangement of Sabo
facnlxtles. Angd it finally aimg at reducing the amount of se61ment.
.runoff to the allowable sediment volume at base 901nts as much as
pOSSlble. “The sediment control plan and Sabo facxlxtles arrangement

plen for the respective rivers are described as follows,

:_.The_prOPésed Sabo facii[ties are designed as a massive types.
‘These faeilities are able to withstand or resist the forees induced by
heavf.mud/debris'flows. COnsequent;y'the maintenance cost will not be
high even if mud/debris Elows attacks. wWhile, the flexible type
structures such as gabions and mattresses will be applicable only ko -

selected 51tes where the mud/debrxs flows will not affect dlrectly.

_. The typiCal engxneerzng designs of each kind oE Sabo fa0111ty are
'shown in FIG. =2, 1.1 to FIG. 2 1.9.  Dimensions of typ1ca1 de51gn of
thesé £a0111ties are given in this study. However, the actUai
":dimenslons Sh0uld'be_se &eternined to follow the cnenées of river bed

conditions before theﬂconstructions. . : : . ig

. Excess and‘ellowable sediment volume estimated'are listed as

follows,
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Sediment Allowable . Excess

‘Name of River __:" " Runoff . - Sediment ~ - Sediment -
- _ . Volume (m3} .Volume (m3) -~ Volume . (m3)
Quirangay . - _ 260, 100_ . .82,600 n.,177 500
Masarawag 276,800 - 77,600 . . 199,200
Nasisi . 992,000 270,900 721,200
Anuling I 415,600 . 85,800 . 320,800
Budiao : 234,600 58,100 - E,_glﬁs,soo‘f
Pawa-Burabod 252,000 69,500 182,500,

Quirehgay Ri#er ‘ _ IR N

The unstable sediment deposit in the=upstream reacheezbecame
notable due to typhoon "Daiing“;: And ieft'bank etosion at the top
of fan was developed. Thus, it scems thét a new.rivef chéﬁnel on
1nland side oE the left bank might be formed and cause mud/debrxs

flows, which attack the town of Camallq pa351ng across PNR.

A trainihé'leveetis planﬁéd'to be_coﬁetructed to_prbteqt Camalig
from mud/debris Elows and sedimentrfIOWS;_ The eepacity of natural
.sand retarding basin will be 1ncreased with four (4} spur dikes
(‘Type A). These Sabo facllities are arranged as shown in
FIG.-2,1.10. After ‘the completion of thé Stage-I construction
works, one (1) slit type Sabo dam is proposed to Eix the unstable
sedlment and to check sediment runoff in the upper reaches. The
sediment runoff at the base point is planned to reduce flnally
from 260, 100 m3 to 39,900 m3. The sediment runoff volume at

the base p01nt wlth the facilities will bé less than the allowable
sediment volume of 82,600 m3.  The river prof11e is presented in
the Svpporting Report I.

Masarawag River _ _ _

The large amount of sedxment runoff was accumulated in the upper
part of fan above BlL, 325 m due to typhoon "Daling“. And in the
left distfibdtaiy from the top of fan, theﬂriver.channelrerosion'.
was notable. | | '
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Three (3} spur dikes (Type A) are planned to increase the Qand

'.retarding capacxty and to form the main rrver course to the east '

o proteot Maninila as shOwn in P1G,- 2 .11, The river profile is

-presented in the Supporting Report I.g After the completion of the
"Stage-I constructxon works, one (1) slie type $abo dam and one (1}

spur d1ke are ‘to be planned in addxtlon to the above Sabo

'faoilxties. The ' sed:ment_runoff erl be oonsequently changed into

- bed load from mud/debris £16w aRd the amount of the sediment

i}

cunoff will be teduced finally Erom 276,800 m3 to 59,500 m3,

“which will be iéss than the allowable sediment volume of ﬁ?,GOO

3

m’,

Nasxsx Rrver

- The sedrment runoff from the upstream reaches due to the flood

:during typhoon “Dallng“ was not notabie. Thus, the Bridge of
‘Ligac-Tabaco National nghway was washed out_due to erosion. It

seems'thnt tﬁetriVer bed in the doﬁnstfeah'reéchés are under

'-loﬁering'and stabiliéation;‘ HoweVer, the sedlment runoff from the

upstream reaches are dlspersed and dep051ted in the reaches above
B, 200 m. "It is antlcipated that further dep051t1on leads to :

gushlng out of the sediment and to d1sasters due to mud/debrls

’flows.

: Consider1ng the cond1tions of before and after typhoon “Daling .

"it was found to be important for the NaSLSl R1ver to reduce and

retard the sediment ronoff’ and yreld in the upper reaches.

Therefore,IOne (1) consol1dat10n dam and two {2} ground sills are

~ plannéd in the upper reaches in order ‘that sediment runoff as

mud/debris flow may be transformed to bed 16ad condxtlon._ In the
downstream reaches, the intake weir of NIA functlons as a '
consolidation dam, After complet1on oE the Stage I construct1on

works, one (1) consolldation dam and one (1} ground 5111 are: to be

planned’ in adstion to the above Sabo fac111ties.! Consequently,
" the sediment runoff volume at ‘the’ base point will be’ finally

reduced from 992, 100 m3 to 278, 400 m3, which sllghtly exceeds

the allowable sedlment volume of 270,900 m?. However, the

'.‘;-47 -
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.iv)

v)

T

"excess w111 be . regulated by the natural retardlng function just
,fdownstream of the base poxnt.A These Sabo. facilitxes at:angement
- is shown in FIG.- -2.1.12,° The tiver profile is presented in the
'.s'uppbf'ti_ng Report I, - ' '

Anuling Rlver

Even though there had not been mud/debris flows nor floods On a

large scale before typhoon "Daling” . there occurred a mud/debrls
flow at that txme to count 1oss of lives of. 13 at Salva01on, and
it reached down to the Nationa; Highway. It seems that the
mud/debris flow was due to the unexpectedly la;ge amount of
sediment runoff from the upStfeam reaches yielded at that time.
Furthermore, there still remains large:amOunt of uﬁstable sediﬁent

deposit B

One {1) Sabo dam and two (2) ground sills and trainLng levee are
planned to protect Anuling ftom mud/debrxs flow comxng frOm the
upper.;eaches of the Anuling 1 fliver. In the uppet reaches of the
Anuling 2 River, one (1) Sabo dam and two (2) spur dikes.(Type a)
are planned. Four (4) spur dikes (‘Type A} and ohe=(l) spur dike '
{(Type B} are planned downstream of the confluence of these two
rivers. Fxnally, the sediment runof £ volume at the base point is
planned to reduce From 415,600 a3 to 17,200 m3 by the above -

Sabo facilities as shown in FIG.-2,1,13. It will beqome_Less than
the allowable sediment volume of 85,800 m3, The river profile

is ptesented in the Supporting RepOrt I.. . |

_Budiao vaer

The sediment runoff due to typhoon "Daling™ was. deposited in the

,reaches between EL. 300 m and EL, 250 -m.. And it seems that the

river channel might shift 1eft—ward at the top of Ean to attack
Banadero, 1f no appropriate measure is taken. -
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,As shoWn in FIG.*z 1. 13, oné (1) Sabo dam, ttaining levee, three
'(3) spur dikes (Type a) ‘and’ one spur atke (Type B} are planned to

‘ ﬁreduce the sediment runotf and to control the- dltéction of

vi)

'nud/debrxs flows, from the upper reaches to the down reaches. The
r;Ver.p:ofile is_presented in the Supportlng Repo:t 1.

Cohséduently,'thé'sédiment runoff volume at the base point will be.
teduced Erom 234,600 n3 to 54,400 n3 which is less than the

éllbwéble sédlment'vbldmé of 58,100 m3 As Stage-[ consttuction

- Works, two {2)- spur dikes are selected o protect Budiao and

Banadero.

' Pawa—Burabod RiVer
: Durlng typhoon “Dal1ng s Sand retard1ng eEEect dld not function

adequately, as the sediment content in the mud/debrls flow was

" lower than previously assumed. and it is recognized that the
'cana11zation downstream ‘aces not function properly as a xight
T Eiver channel was newly formed below EL. 150 m at that time. The

mud/debrzs flow caused the largest number of loss of lxvds of 18;
1t 1s found that the directxon of mud/debrls Flow suddenly changed
rxght -ward around L. 130 my and that it hit Mabinit after

destroying coconut trees for about 100 m in length, Due to

J\typhoon “Daling" the river reaches around the outlet of the gorge
_ was eroded and theé dam site in the Master Plan became imp:oper

with big boulders.

One_(l) Sabo dam and one (1) consblidétibn'dam‘are planned in the
upper reaches. Four {4) spur dikes (Type A) and three (3} spur

'dlkes (Type B) are planned in series from the mlddle to the down

reaches to protect Mabinit, to rétard the sediment and to control

the dlrection of mud/debrls flows, These fa01litles arranged are -
'shown_Ln FIG.— 2.1.14._ The river profile is’ presented in the

Supporting Report | P8 Consequently, the sédiment runoff of 252,000
m3 at the base point will become the only bed load of 69,500

'm3 in volume.
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72 1; 3 Disaster Predictiou and Warning System Project
oy Hethod oe Predictic)n L

Mud/debris flow, flood 1nundatron ‘and storm surge are the' -

'principal direct causes of disaster to be studied in ‘the pro;ect area.
_They claim casualties of dead, mlSSIHQ and injured not only economic

damages. Acco:dingly 1t is c0ncluded that the planned system should
serve to predict the oc¢urrence ‘of these causes well in advance to
avoid casualties. The causeés mentioned above are brought by a torrent
and heavy rainfali and strong wind. Only tr0pical storm causes a B

strong wind which leads to storm surge in the project area.

The gathering data and information on- the E0110w1ng rtems are

assigned to the planned prediction system;

{a} "Rainfall in the progect area, especially in the slope of '
‘ Mayon volcano.
“'(bj Nation-wide rainfall informatlon Eor approaching tropxcal
' storm.
{c) ‘River water stages at relevant sites.
(d)  Velocity and direction of stormy wind for approaching
tropleal storm. ' ' ' B
(e) Volcanic activities during eruptive period

i) 'Mud/debris Flow .
" The heavy ralnfall attr1butable to the typhOOn “Dallng ‘was

.received Erom late evening to n1ght on June 30, 1981. The mud/debris

flow occurred at 8 simultaneously, and continued Eor 2 to 3 hours with

"certarn interruptrons. The cumulative rainfall depths are 145 mm and
135 mm at this tinme at the Ligao and Legazpi observatories,

respectively. The hourly rainfall 1ntensit1es at the antecedent two
‘hours of 6 and 7 o clock are 65 mm ‘and 55 ‘o at ‘the Ligao gaging
station, whereas 33 mm and 63 mm at the Legazpi gaging station."ft'
_should be specially noted that the figures mentioned above coincide
with the critical rainfall commonly acknowledged in Japan.' In Japan, :
raznfall wrth intensitles oE 20 mmn per 10 minutes or 50 mm per hour and
a rainfall depth of 150 mm are understood to be critical for mud{debris

.~ 50 -



flows. - Hith this regard mud/debris Elows are planned to be forecasted
' thrOugh rainfall observation, and the installatxon of telemeterized
rainfall gaging stations are proposed at the Eolloaing sites;_

‘COMVDL Mayon Rest House, Quirangay, Mab1n1t, Tabaco (EL. 300 m},
i san Roque, Legazpi Golf, Hicericordia, Legazpi Weather Station
Nasisl, Balaigang and Masarawag 13

'ii):TFlood lnundation _ .
The runoff caused by a rainfall with 2—year return period spilled
out Erom some sides of tiver channel. ' If the relations between the.
rainfall and runoff ace studied and runoff models are established, the
magnltude of flood and inundation can be estimated applying the _
ra1nfa11 data to the runoff model., It should be noted that the 51tes
sub;ect to inundation damages are located in the downstream reaches of.
the Quina11 {n), the Yawa and the Quinali (B) Rivers. The total lag
time can be divided into the time of concentratlon and the travelling
tine of flood wave. The available data are limited and tentative lag
'time is arbitratily estimated for each major rivers as follows; %Z

Time of

_ - Concentration ~___Travelling Time ' Total
__River at Hour From __To Hour . Lag Time
. . 4 {Hour)
Quinali (A) Nasisi 1.0 Nasisi ﬂibon 1.5 2.5
Yawa - Culiat .- 1.0 " culiat Yawa Bridge: 6.5 1.5
Qu1nalx (B) Bantayan 1.0 .“Bantayan BalzaVBridge 'i.O : _2.0

The inundation at the dosnstream reaches can be predicted

advancing at least this 1ag time applying the observed rainfall data at

s

the proposed stations to the established runoff model. In other words,
if a heavy rainfall, say one exceedang the 2—year probable rainfall, 15.
observed at the propOsed Mabinit or Legazpi Golf gaging station, it can
be said that an inundation wili occur with respective magnitude at
Legazpi City 1.5 hours 1ater. Purther, the magnitude of flood depends
'also on the initial water stage at the relevant site and local inflow

or runoff
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:Erom the rennant catchment area. Accordingly the data on water stages

at relevant sites and rainfall data at remnant catchment areas ‘are
ind13pensable to provide an accurate predLCtion of flood 1nundation.

In thls respect, the following telemeterized gaging stations are
proposed besides ones proposed in the prevxous paragraph for the

disaster prediction and watning system;

Rainfall gaging station; . '(Ligao)_ahd Libon :
Water level gauging station; Yawa River; Culjat dam and Yawa bridge
Quinaii (8) Chinbbatan,-?olangui,
Oas and tLake Bato).
Quinali (B); Bantayan and Balza br1dge
Combined raxnfall and water level gaglng station; Hasisi
The parenthe51zed stations mean: the mod1f;cation of the existing.
_stations for the Bicol Riyér'Basin Flébd FOreCastiﬁg'and Warning

System.

iii)  Storm Surge _ _

~ Almost all storm surge are brought by the tropical storm
accompanied by strong wind. _The 1ocat1on:and the forecasted ttack of
movement are obtaineﬁ by the PAGaSh.Central Gffice as well as the wind
velocity for each storm in the Philippines area of responsibility. The
weatherIStation of Légazpi can predict the future change of wind
airection_ayailing the information described above. For this purpose,

the communication system between the PMGASA Manila Central Office and

* the PAGASA Legazpi (Weather Station} Office should be improved and

upgraded from the existing simple SSB system.

_ Acdording to the hydrologic‘analysis,.the location and track of
éeye movement and the mOnth of occurrence of tropical storm are the
dominating factors for the magnitude and intensities of stormy -
rainfall Typhoons which passed the progect area from south—east to
north-west have brought heaviest rainfall to the project area. ,And the
highgst rainfall intensity has been experienced in the prqjectHaréa |
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when the eye of typhoon was 1ocated at 500 to 700° kilometers sdhth*east

oE the Legazpi City. wheteas, typhobns which took courses ftom o
south-east to nézth east or south -gast to- 50uth-Wést have brought

} little rainfall in and around the project area. The facts imply that
the addxtioaal ralnfall in the future can predict at’ respective tine

- with certain rellabxllty, iE the c»u:se of approaching typhoon is
predicted.. In other words, 2—yeat probable ralnfall or cumulative

 rainEa11 of 100 mm is to be predicted some hours before they are
actually recelved.

In'this éonnectibn. data bﬁmmunication'system between the PAGASA
Central Office and the Legazpi City is proposed in addltion to the

voice cémmun1cat10n system mentioned above.- TCo obtaln hlgher accuracy,

it is COnsideféd:té'be'mOStieffedtiVe to exchange data with the Bicol
River Basin Fldod Forecasting System to refer the information to

pred;ct the rainfall in the project area.:

(2) MethOd of’Warning -

Warnxng for impendxng disaster is to be dissemlnated from Regional
ocp to the relevant offxces and inhabitants. DCC of respectlve level
is 'to be organlzed to integrate and to make effectlve the dlsaster
:'prevention works of various offices upon the first warning from OCD.
Offices, member ‘of DCC, act in line with the disaster pteparedness plan
basing on the warning. Inhabitants prepare for evacuation and flood
_pfoteCtioﬁ._.Thegdetailéd'warning method for each disaster is proposed
as follows} ' ' -

i) Mud/Debris Flow

With due'fegard to the records of rainfall and mud/debris fléows,
the teatative critical rain_faii' is designated as proposed hereufxder.
In this‘désighation; théfékﬁériencés iﬂ_Japan were also referred.

(a) Cumulative rainfall depth of 60 mm : |

{b) Cumulative rainfall depth Gf 80 ma

e} MHourly rainfall intensity of 50 mm

i . (d) Rainfall intensity of 20 mm per 10 minutes
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Warning of respective level will be disseminated mainly based on

these critical raifhfall as follows;

i)

(Level i)"IA wathing'signél shOuld'bé‘ahteméticéily transmittéd
from the Supervisory control nait’ of the propOSed system to the

'.PAGASA Weather ‘Station’ and Regional O0ch Offlce {n casé critical

ralnfall (a) is observed. in and atound Mayon Vblcano.' The PAGASA
and OCD should observe rainfall 1n ‘the adjacent period with care.
Similat activities should be . taken in case the Regional 0CcD or the
PAGASA Weather Station received typhoon {nformation that a '
tropical storm has entered the Philxppines area of responsibility.

{Lével‘i) In case a eritical rainfall (b) is observed, Ehe'PAGASA

and 'OCD should disseminate the warning (level ?) to ofEiCes and
1nhab1tants in the relevant ‘area, 1In this case, actions should be
taken by the Offices ‘which is assigned the evacuation: aspects.
People can stay home but should prepare to evacuate. And
everybody should be ready to listen to the next warning with

careful attention.

{Level 3) ' In case a critical raiafall (c) or (@) is observed
after critiecal rainfall (b}, the OCD should diéseminate'the'
warning (level 3) bo offices and inhabitants in the relevant

area. In this case, all the Offices concerned should take actzons
in line with the command from DCC. People should start to
evacuate the area to proceed to the relévant evacuation center and

should wait for the next instruction from the pCe,

?lood Inundatlon
With due regard to the records of rainfall, flood and 1nundation,

the following are designated as the critical conditlons for - inundations.

{a) 2-year hOurly rainfall -
{b) -S-year hour 1y rainfall
{¢) Water level corresponds to 1, S -~yéar fiood discharge
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_.(Level 1) In case the critical condition {c) is obServed, the
: MPWH, the NWRC and other Of£1ces concerned should obsexve the x
'fluctuation of the water level with Care. The installed data _
;pxocessing unit carrles out simulatiOn through the runofE models
 ff0t ‘relévant sites., aAnd if the flocd magnxtude is estlmated to
  exceed oné with 2-year’ return petlod, warning- (level 2) should be
_dlssem1nated._ And if not, acttons should ‘be taken by only the
 _Q§f1cgs whlchrare_a531gned the evacuation aspects. People can
'stay.hOQe:but,shﬁuld_pteparé.tp eﬁacuagé,_ Ana'éverybody should be

‘teddy to listen to the next warning with careful attention.

- {Level 2)' In case'critical 6onditiohs {a) and {c) is observed,
 the oCo should dlsseminate the warning (level 2) to oEE1ces and
: inhabxtants in the relevant artea. All the OEfices concerned,

'rshould take act1ons in line with the command from DOC People
~should start to evacuate to the relevant evacuation center and

should,wai; for the next instruction from the pCC.

(Level 3) 1In case ¢ritical conditions (b) and (¢} is observed, :3
the actions of the Offices concerned should be in full swing, b
People should evacuate the area without delay giving the first

priority to protect ones life.,

i;i} stprm Surge o

Storm surge is attrxbutable to troplcal storm whxch is to be
:.6bserved by inte;patlonal,organizatlon. The OCD should be facilitated
to be able to obtain'the infdtmation on the approaching typhoon. The
OéD should_disseminéte appropriate warning to the OFfices and public in

6011abofation with the PAGASA.

The critical ccndit:ons mentioned above are tentative and should

be examined in the adjacent stage of study. Bspecially the information

#A

‘on tropical storm should be amalgamated to make the warning more

effectively. 'The warhing station sites are proposed as follows;
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Legazpi Area: Legazpi OCD, Governmental offices in Legazpi Czty,
Sto. Domingo, Camalig, Daraga, Matanag, Bongay MiwISl, Budiao,
Quirangay and Malabog. . x L '

Mayon Norih East Atea;_micericordié (COMVbi), Tabaco,_ﬁaiinao'and
Osoit, o '

_Ligéo Area; Ligao, Guinobatan, Oas, Libon, San AQUStih,-Polangui,

Nasisi and Masarawag.

ASLde from above stations, mobile warnlng systpm should be
1nsta11ed to reinforce the transmxsslon of warning to the areas wherein

no warning station is to be provigded.

{3} 'Design'bf Communicatioﬁ'Systém_

Comnunicatidﬁ éyStems'to be construqtéd by this'Projéct are
threefold as deséribed hereunder. Route maps of these systems appear
in FlG,—QQl.lS and1FIG.—2.l.16. Meanwhile, this sﬁﬂdy is'mainly.made
by the map study. At the time of project’implementatioh; necessary

* field tests including the propagation test must be carried out, in

order to examlné the degree of radio interference from the existing

radio stations.

-i} 150 MHz Band Radio SyStem_(for—telemetering'system}5.
The 150 MRz band radio system is to be constructed for telemeter
signal transmission betweeﬁ the raihfall/water'level ohservatory and

the base station to be established in each area.

Hop by hop prof11e maps are given in the Supportxng Report II.; As
is evident in those maps, all hops command good: viS1bility and allow
radlo propagation in. favorable conditlon. At all stations,lthe antenna
height of less than 20 is considered to be sufficlent, As for

Legazpl radio station, the antenna height must- bé less than 10 m

because the station is located close to the airport.
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w;i_)-- 400 MHz Bana Radi¢ SyStem (for warning system)

‘The 400 MHz ‘band radio system is to be constructed for voice
signal transmission between the warning- station and the base station to
'be established in each area. All base stations arée designed to permit
them-tn_be co-used as baseé stations of the 150 MHz band radio systenm.

‘Hop by hop p#ﬁfile maps appear_in'ihe Supporéing Report II. All
bopsjaté freé‘from;ptbpagationalzprbbiems;”:The hop between' Legazpi
tadio station and cénalig statinn requires mduntain”diffraCtion
prOPagation which, however, does not affect the system performance
adversely.

iil) 800 MHszand Radio System (for multiplex radio systen)
The 800 MHz band radio system is to bé constructed for voice
signal and telemeter sxgnal transmiSSLOn betwéen the base station in

each area and the warning cénter at Legazpi,

'Capacity‘df this radio system is for 24 teiéphbne éhannels. This
system, des1gned as a backboné systenm, is to be capable of high quallty

telephone serv1ce.

' ‘The distance bétween Legazpi radio station as a base station in
Legazpi area and Legazpi Weather Station where the meteorological
obseréation centér is to be established, is short. Therefore, in this

‘section, a transmission route is planned to be cable systenm.

Fof:QOO MHz bana rédio SYstem between Naga (Camarigan} raaio
étation estabiished.in the Bicol Rivér Basin.Flocd Forecasting and
Warning System and’ the proposed Ligao radio station, the study for the
system design is omitted since the maps is not available. HoweVer, by

: restablishing a radio repeater stat1on newly’ between Haga radio station

and Ligao radio statibn, foreseeable propagatlonal problems éan be
prevented. ' o
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(4) Systen Confxguratidn and Function (Equipment)

Equ:pment required in the implementatxon of the prO]ect is
classified into fouc major categbries.‘ They are telemetry system
equipment, warning system equ1pment, multiplex communlcation ‘system
equipment and HF radio communication system equlpment. Stat;on by
station equipment 1nstallation configuratlons are shown 1n FIG.-2. 1 15
to FIG.—2.1.19. Detazled equipment 11st is ptesented in the SuppOrting
Report I aﬁ& II. A SUmmary of regu1ted equlpment is as follOws-

i) Telemetry System Equxpment
The network of telemetry system and the system dxagram are
presented in FIG.—2.1.15 and P1G.-2.1.17, respectively.

(a) Equipment to be installed at Meteorological Observation Center
Telemetering Superv1sory Equlpment

This equ1pment is to be 1nstalled for the purpoése of
supervising and controlling equipment of each obsérvatory
station. The suPefyisOry and control function of this
equipment can cover 20 stations: By means of "ingtalling
additional units, the equipment'function can be increased to

cover a maximum of 30 stations.

Operating Console

This operating console ‘makes each observatory station supply
required data periodically or as occasion dictates.

: D1splay Equlpment

“This display eguipment is made of Wall type and digltally
lndlcates rainfall and water level data suppl1ed from each
observatory station, - Indicated data COVeriﬁg 20 stations
includes the time of observation {year, month, day and hburl

and the name of station concerned.

CVCF Power Supply Equipment o .
This eQUipment'supplies AC pover to the loaGS'Without

momentary interruption in the event of commercial power
failure, The equipment fnput is AC 220 V and the cutput is
AC 100 V. The equipment capacity is planned to ba 5 kVA.
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Bquipment to be installed at Weather Station
Rain Gauge 1r~

: The :ain gauge is planned to be: the - tipping bucket type. :.
B Measured.data are_Sent through;telemetering equirment to the

metéofqlcgicél obéervetioﬁ Cénter.;w

Water Gauge .

The well type watei gauge is planned to be installed as a

: reeson of easy maintenance. The water gauge with float makes

variation data processing by means of analog/dlgitat
Qanepte:g and sends processed data thtOUQh_telemetering

eduipment;to the méteorological observation center.

Telemetering Equ1pment

This equipment cOnverts the data ‘of rainfall and ‘water level
into F/S. 51gna1 and sends out such signal to the
transmitter. The equipment also detects control signal

‘supplled from the meteorologlcal ohservation centet, and

_ supplxes necessary data to. the meteorologxcal observation

center at the same time,

Radio Equipment and Antenna

The radio equipment frequency is of 150 Miz band., For
transmitter output, either 10 W, 3Wor 1lWis to be
selected, The transmitter output should be detetmined based
on the propagation test. In this study, the outpiut is
planned to be 10 W, Antenna is planned to be'sleéve type.

 Shelter

,The rainfall observatlon statlons is planned to be a shelter

type.

Solar Cell Power Supply System

~ The power supply system for - rainfail and water level

observation stations is planned to be solar’ cell power supply

'-‘system.
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Warning System EQUipment

The network of wunioipal mnltl disaster eonmunication system and

the system diagram are presented in FIG -2 1. 16 and FIG. 2 1.18

respectively.

: @

{b)

aquipnent to be installed at Legazpi Warning Center:
MCA Control Equi;ment

The communlcation traffic bétween Legazpi warnlng center and
proposed warning statlons is conszdered to be extremely small
except during disaster prevention/rellef actlvities during

the typhoon season, The multi channel access (MCA} system is

. planned for the c0mmun1cati0n system.

Mobile Conttol Equipnent

The communlcatxon between watnzng station and moblle station

and between one mobile station and anqther 1s_conducted via

‘base station to be established in the area. The mobile

control equipment is to control ré&iq equipment of the base
station. ' '

Telephone Exchange Edquipment

With telephone exchange equipnent xnstalled, dial system
communication between warn1ng stations themselvas and between
the warning center and warning stathne becqmeerposszble.

For trunk lines, 3 cnannels are to be écqemmodeted at Legazpi
R/8, 3 channels at Llﬁao R)S.and 2 channels at Mayon Rest

House, Extension lines total 30.

_Remote Supervisory and Control Equipnent

Legazpi R/S and Ligao R/S exeept Mayon Rest House are planned
to be unatteénded stations.. '

Pyuipeent to be installed ak Legazpi R/S, Ligao R/S and Hayon_,
Rest House
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-Radio Eqmpment Eor MCA System

5 VfThis equipment frequency is of '400 Hﬂz band. “The transmitter

"ffeutput is set at 5 N.' Hewever, in caSe radlo frequency is
150 MHz band, the study of radio interference w1th “the -
existing 400 MHz band system, as well as the field
propagatlon test, ‘should first be carried out before ‘Einal
l decision of frequency band, transmxtter output, antenna type
'“fand 80 forth. ' ' : '

'Rad1o Equipment for Mobile System o

”‘-jThis equipment frequency is ‘of 150 MHZ band. The
communxcation_system_is_planned ‘to bé the simplex system,
The transmittef'output is set at 10 W.

'-(c}"Equlpment to bé 1nstalled at Warnlng Station T
"'ﬂRadiq[Conttol Equxpment o

© This equipment is composed OE radio equipment and control
“units, Control unlts are used for radio. channel selection.

"Yegi antenna is planned for this station.

Power Supply Equ1pment

fThe most patt of municipalxties and barangays where warning

; statzons are propbsed hold’ access to’ cOmmerc1al power

_isupply. Floatlng system power supply equapment is planneéed to
be adopted in order to cope with traEfic growth ‘

'fSUCcessEully.' Portable motor genexator instead of standby
_motor generator is planned td be transported Erom Legazpl,
;L1gao or Tabaco 1n case the commercial power fa1lure

continues fo: a long time.-

liii) Multiplex Radio Conmunlcation System T .

o This communication system is planned to be established On the
warning center - Legazpi R/S - Ligao R/S - Mayon Rest House route and
'Ligao R/S = Naga (Camarlgan} R/S tOute. These systems are planned to
transmit a maximum of 24 telephone channels. Channel accommodatlon
plan for each’ of - the ab0vementioned route appears in FIG.—2 1.19.

Radio equzpment Erequency of 800 MHz band and transmitter ‘sutput of 5 W
are planned for this system. Powet supply is of floating system.



Lot

iv) HF Radlo Communication System LT T

" The HF rad10 equipment 18 planned to be 1nsta11ed at Manila : v
PAGASA, Manila OCD, Legazpi Meteorological Observation Center, Legasz :
0CH and Virac Rader Station._ The ftequency range oE radio equlpnent 19[.

“to be set at 2 0 MHz - 18.0 MHz. Transmitter Output 13 to be 150 w:

{PEP) for A3J, A3A and Al models and 40 W (carr1er) for A3H model.
Input power is oC 24 V. The 109 periodlc type antenna for Manila -
Legazpi section and 3 band dipole type antenna for Legazpl - Virac S
section are planned at each station.. - '
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__2 2 SOcio economic Effect
2.2.1 Sabo Project
) Cost Estimate '
i)_ Basie Condition _ _
Construction éost of the Sabo prbject includzng niné streams,
under the Mayon volcano Sabo and Flocd Control Ptoject, is estimated ORn f _
the basis of the pzeliminary design an& the ptoposed construction plan ' -1
“and schedule. ‘For' the’ cost’ estimate, local conditions of the o
Philippines, available equipment and materials, suitability of "
:construction method, worklng tules, the Government estinate prOCedure,
ete, are taken into account. The basic conditions applied for the cost

‘estimates are presented below!

{a) Piices are bééed'onicurrent prices for labor, materials and

equipment.és'of Mid-1982.

{b) Ruiiﬁg exchange'rate used in this estimate is 1.0 Us pollar =

- 8,0 ?esos = 240 Japanese Yen.

{c) Work quantities are calculated from the preliminary design
and presented'in the Detailed Cost Estimates Report.

(d). Unit prices are estimated on the basis of the current prices
' in the Philippines adding tax and duties for imported

- materials and equipment. .

{e) AllL cOnstru&tionlmatetials até to be'sﬂpplied by éontraétors
mainly Erom local markets, The ¢osts of Steel'proéuct'and
teinforc1ng bar, cement, fuel and lubticant are divided into
fo;eigﬁ currency poftion and loecal currency portion.

(£) Dire&t dai19 wages of local iabdr applied to the construction
cost are estimated based on the wages in Albay Ptovince in’
Mid-1982,
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(a9

An)-

(i)

(k}

(1)

{(m)

(n)

(o}

{p}

,Equlpment cost is estimated on. the basis of depreciatiOn f;f

cOSt, repair coat and admlnistratiOn cost against CIF price.

Construction cost (Financial) c@mprxses cont:act cost, right_

- of way/site aoqulsition, resettlement, englneering cost,
-progect management cost and contlngencxes.

Contract cost components are direct cost, general, -

supervision & miscellaneous, profxt “and contractor s tax.

pitect cost is estimated as the unit price including

materials, labor and equipment expeénses..

General cost inciuding_mdbilization and -demobilization,

vehicles;,field offices and other ténporary'wbrks; is taken . -

‘as 10 per cent of direct cost.

SUpét&iSion'& miscelléneous is taken as 6 per cent of the sum

, of direct cost and general cost.

Contractor's profit is the cost of 10 per cent of the sum of

‘diréct cost plus general and supervision & miscellaneous. .

Contractor's tax is estimated at 3 per cent of the sum Of

direct cost, general, supervision & miscellaneous and profit.

Engineering cost which is 10 per cent of contract cost -

includes topographic survey, design, soil testing prior to
“and during construction, construction surveys and

construction management.

Project management cost is the cost of 5 per cent of contract

cost,
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(q} :PﬁYSicél:contingency'of thé‘s&bo prdject is taken as 15 per
cent of CGntract cost.” Ptice escalation contingency is
estimated based on disbursement scheﬁule and price escalation
rate. The price escalatlon rate is taken as 7 per cent per
annum for forelgn currency portion and 13 per cent per -annum

for local currency portidn.

ii) - Constructiou Cost -

The construction COSt of the’ Stage-I construction works for the
Sabo project is estimated at Plsi.s mlliion, of which P44.0 million is
the Eoreigh curréhcy portion and=P117 5 is the locél-curfency portion
as shown in TABLE-2.2.1 and as summarized below. The cost of price
escalation over the 5—year constructzon period (1983 to 1987) is taken
_1nt0 account in thé cost estimate and is calculated based on the

construction cost ‘disbursement schedule.

{unit: 1,000 Pesos)
construction Cost

béscriptibn o  Foreign Local _

' Curfgncy Currency ég
Portion Portion
_Contract Cost ' . 31,209 58,028
Right of Way/Site Acyuisition - - - 25
Engineering Cost ‘ | - o 8,923
Project Management Cost - - 4,462

Contingency- . _ :

Physical - 4,68) 8,704
Bscalation | - " 8,074 37,390
Total = B 43,964 - 117,532

The cpnstrpctiOn cost disbursement schedule is estimated in

conSidetétibnzbf:tﬁe'éhillpﬁiné;sﬁbudget (:ﬁvéstméht“Ré@uiréMéﬁt; cY
1983-1987, Flood Control and Drainage), ‘The disbursement schedule is
shown in TABLE-2.2.2. ' S
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The detailed. data including breakdowm oOf the consttuction cost’
estimate are presented in ‘the Detailed Cost Estimates Report

111) Econowic Cost
_ For the: economic evaluation of the Stage—l construction works of -
the Sabo Ptoject, the | economi¢ cost is estimated by adjusting the '

construction ‘cost, The economic &ost excludes taxeés of materials and

equipment, contractor's prOfit and tax, land aoquisition ‘and price -

escalation. ‘The econémic cost is astimated at P92.9 million, of which
P31.7 million is the foreign cuttency portion and P61.2 million is the
100a1 currency portion. The economio cost and the économic cost

dishbursement schédule are listed in TABLEf2.2.3 and TABLE-2.2.4, and as

surmarized below.

(unit: 1,000 Pesos)
Econonic Cost '

Desariptipn__ ‘ .. _‘=Foreign _ - Local
o ' ' ; Curcency Currerncy
- Portion _Portion
Contract Cost : 27,542 43,866
Right of Way/Site Acguisition - ' -
Engineering Cost o ' ‘ - 7,152
project Management Cost - ' - 3,575
Contingency |
‘physical o s132 6,595
Escalation ' . - -
Total | | . 31,674 61,288

iv} Operatxon and Maintenance Cost

The annual opetation and maintenance cost of the Sabo project is
estimated at P580 thousand on the basis of mid-1982 prices which is
taken as 0.5 per cent of the construction cost excluding the price
escalation.
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.(2) SOc1CPeconomic Effect . ‘. ‘ L .
' Economic evaluatiOn is made L On the basis of 'with and withOut :
'project principle®. _ The direct and indirect benefits attributable to
the project is defined as the change of the economic and sccio-economic
- ¢onditions uith:apd without the project. “Without project“ COnditlon
in this_Study-ié‘assumcd gszthe.ccﬁﬂtticn_that‘no_imprOchcnt works. are .
‘undertaken, All thé;behefité qﬁdkcccts.a;é,valbcd as_cf iQBﬁ an& . . %ig
exchahge rate 0£-US$1_= PB;Qtis~uséd,ih thié.study.:

. - In additicn, project-e#aluation is made taking into consideration
the intangible beneofit and social impact induced through the
implementation of the _project.

Project beﬁefits in the project area are the expected reduction of
damage o houses, rehabllitatlon cost of paddy field covered by
mud/debrxs. re—transplantlng cost and production loss of coconut
damaged by mud/debrls flcw and cost of relief goods ‘and medical
a551stance. These benefits are presented in TABLE-1.3.3, TABLE-2.2,5
_ and.ananxfz.z.s and are swnmarized in TABLE-2,2,8. In_add;tion, the .. @i
reduction of sediment runoff volume can he evaluated for project
benefit, Owing to the sediment runoff from the foot 6: Maycn Volcano,
uheipccted river improvement works for flood control'éuch.as river
dredging and levee raxszng will be required in future without flood
control and Sabo pgojects. The sediment runoff reduction benefit is
présented in TABLE-2.2.7. '

The annual project benefit un&cr'full develcpmentcstage is
estimated_at P5.06 million and most of this project benefit will ac¢crue
from the Stage-I construction works.

The total economic constructioa cost for the Stage~1 constructiOn

works is estimated at P93 million and annual O&M cost is P580 thousand &%
as shown in TABLE-z 2 8.
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In order to estimate the economic 1nterna1 rate of return. ‘the
benefit and eost stream is prepared as shown in TABLB—2 2 9, and a
result of estimatiOn are given in FIG.—2 2 1 As shown in this’ figure,
economic internal rate of return for- the Stage—I construction works of
the Sabo project is estimated at 3 5%.‘ As a resuit of economic

-evaluation baged on the tangible benefit, it is very difficult to
justify such Sabo project only from the viewpoints of econOmy.

In fact, due to typhbon "Dalrng . there was the casualties of a

rtotal of 261, of which 154 were dead and missing, and 107 inJured._'Out

of them, a total of 159 which is about 60 percent were due to
mud/debris E1om. Legazpi City and 4 municipalities, such as Daraga,'
Camalig, Guinobatan and Ligao are situated adjacent to the Sabo project
area, and 36 barangays where about 50 thousand people make thEII living
are located in the Sabo pro;ect area on the foot of Mayon Volcano.

These inhabitants are exPosed to a menace of damages due to mud/debris

_flow, unless proper facilities are provxded to prevent the disaster.

'In this sence, such Sabo pro;ect should be consxdered as a social

_prOJect that can prov16e a social stabilrzation in this region. The

evaluation of 1ntangible and social benefits is rather important for .

_this Sabo project than the evaluatlon by economic benefits only. The

following are the intangible and soozal benefits to be derived from the

project.

(a} - Protection of Human Life L
The mud/debris flow in 1981 also caused serious damage to
"~ invaluable human 1ives which are estimated at 52 persons as
shown in TABLE-l 3 18., The inJured by this flow reached more
"~ than 100 persons. These casualties will be largely reduced
'by the implementation of the pro;ect.
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(b)_'SOcial and Mental Stabilization: People at the foot of Mayon
0 yoléand has beén suffering fron 1arge damage due to
7mud/debris flows an& has béén’ éxpOsed to a menace of such.
mud/debris Elows. "his situatiOn produces an Unfavorable
”-'effect On their social and mental stabilization. The
”implémentation of the Sabo pro;ect will contribute to the
"stabnlizatxon of these people s livelihood

w:th the above benefits, the Sabo pro:ect is justified not only to
solve the regional problems, ‘but to establlsh a firm foundation for
future regLOnal "development as well as to ensure a happier life 6f the
people in this region.

2.2, 2 Disaster prediction and Warning System PrOJect
oy “Cost Estimate a
| iy Basie Condltlonr
o (a} 'Construction cost is estimated at the price level as of
' . Mia- 1982. ‘The foreign currency portion is estimated based on
the Japanese YEn. 51nce the system equipment installed in the
Bicol Rrver Basin Flood Forecasting System was the one made
in Japan and the proposed system equipment is required to be
'connBCted to those Bicol System equipment._ The éxéﬁanﬁé'rate
:is 1.0 US Dollar = 8.0 Pesos = 240 Japanese Yen. Al
- eguipméht'and materials are to be exefpted from domestic tax
and duty of the Philippines.

{b) Constructxon cost breakdown for foreign currency portion and
" local currency portion is as follows: '
Foreign currency portxon: ' ‘

. - Rradfo équiﬁment; Carrier rermihal equipmeﬁt, power supply
eguipment, tower, antenna, telemetering equipment, rain
gauge, water—level gauge, publicity car, other equipment

- Shelter tgpe_building

"~ Construotion materials cost and work cost

- Sea tramsportation and insurance cost

- Training and operation/maintenance guidance
- Consultant fee
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Local curréncy portion:

-Cost of. inlaﬁd transportation to station site

' Work cost

(¢) The undevmentioned work items are to be taken care of by the

" Authorities concerned in”éhékge of thié‘érojéét; ‘The'sfstém"
plan was Eormulated based on the study by 1imxted information

and data. It is necessaty to conduct nore detailed studies

for setting ‘the actual work site by a detailed reconnaissance

and topographic map.

Station site, land acquisition, ground levelling and fencing :
Ac;ess toad, land acqu151t10n and road construction
Station buildlng extension and construction, except shelter

type station buildings

- Légazpi R/S, communicat1on cable installation

Commercial power drop-in to station site

ii) Construction Cost

The const[uctlon cost of the Stage-I disaster predlotion and

warning system project is estimated at ¥1,394 million in foreign_

currency portion ahd P2,253 thousand in local curréncy portion as shown

in TABLE-2.2.10 and as summarized below. The disbursement schedule is

presented in TABLE-2,2.11,

Foreign . Local

- . Currency Currency
Description portion /1  Portion

. . (1,000 Yen) (1,000 Pesos)
Telemetry System by 150 MHz Radio System . 156,802 i -
' Warning System by Multi-Access Radioc System 300,083 ~
Multiplex Radio Communication System : 249,348 ' C =
HF Communication System ' o 3,800 -
Installation Hatérials - S 93,560 .-
Installation Work - 211,803 . < 2,048
Training 27,000 -
. Maintenance B : 73,000 -
Consultahcy Service - _ 145,676 . . =
'Contingendy ' 3 _ 126,707 205
_wotal - 1,393,778 2,253

/13 The exchange rate is 240 Japanese Yen = 8.0 Pesos.
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{2) SOcio-economic Effect . :

. The dlsaster prediction and warning syetem project should also be

“formulated as a social project. The project area planned for this

system covers Legazpi city, 12 munlcipalxties and 307 barangays, and

total populatiocn is aboutrézo thousand. Mud/debris fiow, flood

‘inundation and'etOrn surge atve the principal direct disaster to be

" studied in the projeCt'aree. _They claim casualties of dead, mi351ng iﬁ

and injured not only economic damages.

Although pro;ect benefits accuruing from the implementation of
warning system. include a few direct and indirect benefits, the major
part consists 6f intangible benefits such as protection against 10ss of
life, social stabilization, etc. which are difficult to be quantifled.
The project benefit produced by the warning system will be considered

as follows.

“{a)  The wind damage to houses will be reduced by the warning to
people, '

A

{b} if large floods come, the Sefe and smooth evacuation of
people will bé carried out by the warning system.

(c) The warning of typhoons before coming to the area will
produce a favorable result to social and mental stabilizatlon
of the péople in the project area.

{d) The eftective”relief activities by the Authorities Concerned

will be ekpécted_bf'the cormunication line of warning system.

{e} The damages due to floods and mud/debris flows will occur
during the construction period of £100d control and Sabo
"facilitles. Howevey, these damages will be minimized by the o ﬁ
effectiVe warning activities.

4
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III, PROJECT IMPLEMENTATION PROGRAM

3.1 Geéneral _ :

The Sabo project and the d1saster pred;ctaon and warnlng system
pro;ect ate integral parts of the OVerall disaster preventlon scheme.”
However, they can be implemented separately.:-

The Sabo progect comprxses Stage—l (5 years) “and Stage ~11 {3
years) c0nstruct1on w0rks in the re-study.. The StageﬂI consttuctlon
works are recommended=Eot:immediate iméiementation to prévent direct
disaster, especially:césualties due to mud/debris'flews and sith'e view
to securihg the social staﬁilization in the preject_érea. The Sabo
faeilities to be constructed in the Steée—l'cbnSttdéEioh works are as
follows: 'a training 1euee and four (4) spur dikes in the Quirangay
River, three (3) 'spur gikes in the Masarawag River, a consolidation dam
and two (2) ground sills in the Nasisi River, a Sabo dam, two (2)
ground sills, a training levee and five (5) spur dikes in the Anulaﬁ§ 1
River, a Sabo dam and two (2) spur dikes.in the Anuling 2 kibef; two
{2) spur dikes in the Budiao Rivet, and a Sabo dam, a eonsolidatlon dam

and seven {7} spu: dikes in the Pawa-Burabod River,

_The_disasﬁer prediction and warning system project will be
implemented te.disseminate the.information'of the pbssibility of
unforeseen hatural disaster such as mud/debris flows, floods and storm
surges in whole project area 1hcluding flat area and_cosstal'area, even

under with- and without~ project condition.

The disaster prediction and warning'system projéef compiises
Stage-1 {3 years), Stage—II (2 years) and Stage-1II (2.5 years)
construction works. The Stage-I disaster predictlon and warning system
is recommended to be established urgently in the pro;ect area. .The
facilities included in the Stage—I disaster prediotion and warning
system are as follows: necessary minimum number of rainfall
observatories; meteotological observation center: warning stations and
warning centerj improvement of HF communication system between Manila
PAGASA and Legazpi PAGASA. |
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3,2 Sabo Project

3.2.1 Implementation Method and Schedule '_ N
_ The Stage—I construction works are proposed to be carr1ed out by
Philippxne constractors on competitive b1dd1ng basis; taking into.

account the Phxlippine s prevalling procedures for civil constructlon _

‘works. _ T : o - <k

_ The Stage 1 constructlon works will take 5 years, including
detailed survey and design, tender1ng and contract ‘awarding, and the

'necessary preparatory works;

_ The Stage 1 constructlon works is scheduled to be commenced $n
‘mxddle—l983 and will be completed by, the end of 1987,  The construction
schedule and annual Sabo facil;ties to be constructed are shown in .
FIG.-3,2.1.

(a). Fn‘st Year {1983) o . | _ .
_The detailed deSLgn conducted by the. JICA Study Team and the ‘§§
preparation of tender documents prepared by the Phlllppine
Government is to be completed by the end of March 1983,

'_Tﬁe_ccmpehsation snd]landnecquisition tor thezfirst yéar
construction works will be executed by the MPWH in advance of the

commencemeht of'thercbhttact.

Upon completion of contract award1n9, the constructlon works will

_MCMmmwimﬁhmw.

_Anuling River:, Ro 3 and No, 4 -Spur dikes are scheduled to. be
constructed to protect Salvacion ‘and houses along Maharlika .
'dNational Highway. No.l ‘Sabo. dam and No. 1 ground sill Whlch are. i%%
urgent;y necesssry to control onstable river bed sediment in the
~ upper reaches will be constructed.
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(b}

Pawa-Burabod ﬁiver* No.5 and No.6 Spur'dikes are:scheduled'to'bE'
constructed fxrst, as it is urgently necessary to fix the river

'-channel by . returning it back .to the old channel and to protect

Habinit.

~the detailed survey and design and preoaration of tender document

for the second - year program will be made by the end of 1983 in
parallel with the construction of the first year, '

Second Year (1984)
Upon completion of contract . awarding for the second year
construction works at the beglnnxng of 1984, the ccnstruction of

second yeatr program will be starcted,

Anuling-River:' The construction oE,ﬁo.I Sabo:damkand No.3 spur ..
dike'wiil-be continued and complesed to'protect;Budiao. The -
completion of these spur dikes ensure the increase of sand
retarding capacity of the river channel, .

Pawa-Burabod River: The construction of No.5 spur dike will be
continued and completed. No.3, No.4 and No,7. spur dikes are _
scheduled to be constructed to supplement the function of No.5 and
No.s spur dikes. The series of these dikes ensure the sand

retarding capacity.

Quirangay River: No.2 spur dike is scheduled to be constructed to
avoid left-ward shift of the river channel around EL, 200 m, It
prevents the town of Camalig from being attacked by mud/debris

f10ws. '
The detaxled design, preparation of tender documents and contract

awarding for the third year program will be finished by the ‘end of
1984,
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{C)

{d)

"Anuling River: No.l training levee is schéduled'to be“construqtéd
"to protect Anulihg'ahd Cabangan. No.1, No.2 and No.5 spur dikes

‘Nasisi River: MNo.2 consolidation dam is scheduled to be

Thxtd Year (1985)
After’ the c@mpletion of the construction of the first and secbnd

 year program. and contract awarding for the third year construction

works, the third year program w111 be started.

&%

will be ccnsttﬁcted Lo supplement the function of the ones

previously constructed.

Pawa-Burabod River:i No.l ¢onsolidation dam is scheéduled to be
constructed to control long-term sediment Funoff including
unstable river bed sediment in the upper reaches,

Qultanqay River: No.,3 and No. d'spur'dikes7are scheduled to be
constructed to supplement the function of No. 2 spur dike, These
three spur dikes should be considered as one set, which should be

'mplemented at an early stage.

&2

constructed to control the unstable.river bed sediment in the

‘teaches between EL, 280 m to EL. 200 m, zt-prevénts the occurring

of mud/debris flows and to foréé thé mud and debris to be
transformed into the bed itoad conditions.

Thé engineering servicés and contract awarding for the fourth year
~ program will be completed by the end of 1985,

Fourth Year (1986)

Anuling R:ver:- The constructlon of No.l training levee will be

continued and c¢ompleted, No.2_ground sill is_scheduled to be

constructed to control unstable sediment én'riVer_bed in the upper {g
reaches. It also avold left-ward shift of the river chamnel,

Pawa-Burabod River: The construction of No.1l consolidation dam
will be continued and completed. HNo.l Sabo dam is scheduled to be

constructed for the same purpose as No.l consolidation dam,
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(e)

Quirangay River: Wo.l spur dike is scheduled to be consttuéted
based on the changes in thé river channel. These four spur dikes

ensure the increase of sand retarding cépécitiﬁ.

Masarawag‘Rivérx N6.2, No.3 and No.4 éput dikés aré:séﬁeduied:td
be constructed in'piace of the ¢arth eﬁbankmént washed out during
typhoon "Daling®™. They protect Maninila, increase the sand
retarding capacity and help to form the main river course along

the east course.

Budiao River: No.d spur dike is scheduled to be constructed to

proteét Budiao.

Masisi River: No.2 consolidation dam will be constructed

subseGuent to the third year construction.

The engineering services and contract awarding for the fifth year
program will be completéed by the end of 1986, '

Pifth Year {1987)
Anuling 2 River: No.l Sabo dam is scheduled to be constructed to
control long-term sediment runoff, No.l and No.2 spur dikes will

be constructed  to preven£ thé middle reaches from meandering,

Pawa-Burabod River: The construction of Hb.i Sabo dam will be

continued and completed. No.l and No.2 spur dikes are scheduled
to be constructed based on the changes in river conditions after
the previous construction works. They avoid left-ward shift of

the river chanhel.'

Quirangay River: No.l training levee is scheduled to be

constructed based on the changes in the river channel. It
protects the town of Camalig. '

Masarawag River: No.2 - No.4 spur dikes will be constructed
subsequent to the fourth year constiuction. '
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Nasxsi River: Né 3 ground sill and the right bank.half of No.2
. ground s111 are scheduled to be constructed to control the
unstable river bed sediment. )

'Bﬁdiao_#iver: Left bank half of No.3 spur dike is scheduled to be

constructed to protect Banadero.

3.2.2 Project Operatlon
The Ministry of Public Works and nghways (MPWH) w111 have overall
tesbons1bil1ty for the implementat;on of -the -Sabo proyect, ‘Prior. to
the COmmencemént of the implémeﬁtatibn activities, the MPWH will create
andfof establish'an.adequately staffed and well-equipped Project
Management Office undéf the Office of the Minister, with the MPWH .
Regional Office'fh assisting capadity.' The”Project Management.dffice
will be fesppnsible for all designS‘and construction of the ﬁroject.
The Projéc£ Hanagemeht-OEEice will be héaded.by_a ﬁroject Manager, to
be appointed bf the MPWH, who will be assistéd by a Project Engineer,
who will also be the MPWH staff member, and full-time experienced staf€ p
. éngaged by the_MPwﬁ. . gg
The project operation will be assisted by selected Philippine
consultant employed by the MP ; to provied the following services: -
technical assistance and consulting services includlng topograph1c
surVey, plans, detailed design, preparation of specifications, tender

documents and construction supervision of the Project,
The MPWii Regional Office, V will be responsible for, the operation
and maintenance of the Sabo facilities after the ¢onstruction is

“Einished.

The organizatlon chart for - the implementation of the Progect is ' %g
illustrated in FIG.-3.2.2. ' |
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