- Secondary farm road .
The secondary farm roads are reguired to link ‘the cultivable areas
with population centers in the area. The‘secondary farm roads are
to be constructed on one side of ali the secendary canals. These
- roads w111 have an effective w1dth of 1.0 m and w111 be of earth

type w1thout any metalllng..

7.2.2 Irrigation Water Requirements
(1) Geﬁetal )

For plannlng of irrigation proJect, sufficinet 1nformat10n on
water - consumptlon by crops from seedlng time untll harvest is needed.
Since fleld_measurement-of consumptive use of water by crop was not
carried out in the survey period, this study. is mainlyrdepending on the
study results in the report on Soil:and Land Resources Appraisal and
Traiﬁing Project on Bicol River Basin/l ang Feasibility-Studiestof
‘Quineli Integrated Developﬁent Ateaéa. The emp1r10a1 and theoretical
formulas developed 1n the past. by various experts are also used in this

'study.

The calculation procedure adopted in this study is shown. in the

‘following equation:

~IDR

i

{(KC x PET + P + N + LP - RE) /1B

where,
IDR = Irrigationfaiversion reéuiremeﬁt,
KC = Crop growth stage coefficient,
PET = Potential.evapotranspiretion,'
P =.Percolatiqn rate, .
M '=_Nursery-requirement,
LP = Land prepafatibn requirement,
RE = Effective rainfall, and

IE = Overall irrigation efficiency.

/li Bureau of 3011, Department of Agrlculture, UNDP/FAO, 1976.

: 2;- Bicol River Basxn Development Program,_1980
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The following terms and their abbreviations are used in this study.

"a) Consumptive use’ (CU)

: CU = KC x PET
" b) Field crop fequir'ement (FC) s FC = CU + P
¢) - Crop- water’ requlrement (CWR) CWR =FC + N + LP
d) Crop 1rr1gat10n requlrement (CIR) 1 CIR %ICWR'é RE.
.e). Irrigation diversion requirement (IDR): IDR =

CIR/IE

(2} .Consumptive usge of water by crop

The'COhsumptive'use of water by erop‘can be estiﬁared as a broduct
of pbtential‘evapotranspiration (PET)'calcuieteB'from climatic daﬁa-and
crop coefficients fKC)'whiCh depend on growing season and Etage of ‘the

crop. |

Since métebrologicel'cbndiﬁions between'the Quinali (A) River
basin: and the Qulnall (B) R1ver basin are rather- dlfferent, the
potentlal evapotransplratlon for these two areas is separately
estlmated. ‘For the Qulnall {h) River basin, the monthly. potentlal
evapotransplratlon is est1mated by ‘using modlfled Penman method based
on meteorological records~observed_at:Legazpl. On the other hand,
monthly class-A pan evaperation records (1972-1980) obseryea at -
‘Paraputo-Agro—meteorelogical station near Malinao arée ueeé tor .
estimation of the potential evapOtranspiratien for the Quinali (B)

River basin. Results of calculation are shown in TABLE-VII.7.

Crop growth stage coefficients (KC) used iﬁ'this”study'are shown
in TABLE~VII.8, which were proposed in ‘the "Soil and Land Resources

Appraisal and Tralnlng Progect“ by FAO/UNDP in 1976.

Calculatlon results of the consumptlve uge of water by crop are’

shown in TABLEnVII 9 to TABLE»VII 11,

{3) Percolatlon rate _

_ The rate of deen percolatxon loss was measured and dlscussed in
the report on "the Fea51b111ty Studles of Qulnall Integrated
Development Area“ in 1980. Aceording to the report, the results of
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actual field tests at 5 sites locéted in the Quinali {A).River=basinj
ranged'from_z mm/day to-5_mm/day for the’va;iods sbilftypes,'gnhriqg:
the wet’seaSOn when the ground waEerItable is high‘.the rate was slow
and increases to a max1mum of 5 mm/day during the dry season when the

water table recorded to its lowest level
Taking account of the above report,.soil and topographic‘: 
conditions in the project area, the following figures are adopted in

this study.

Percolation

Area - -'Nameiof Scheme - _Rate.
- ' S (nm/day)
Quinali (A) _

Lower area Agos Sta. Cruz-South Quinali Scheme -2
_ Upper_area. Cébilégan Scheme, Quinali Scheme ' 4
Quinali (B) Béntayan Scheme 4

(4) Nursery requifément

The nursery tequirement‘is calculated by the following equation:

N = (LP + (KC x PET + P) x T) x A

where,
N = Nursery requ1rement (mm),
LP = Land preparation requirement for nursery bed (mm),
KC = Crop growth stage coeff1c1ent, _
PET = Potential evapb?ranspirétidn (mm/day) .
T = Period of nursety (dayé), and .

Area factor..

The area required for nursery bed éﬁdlthé périoé 6f hurséry'are
aséﬁmed to be 5%.0f the totél paddy iand to be trahSPianted'and 20 days
reépéctiveiy. In addltlon, the land preparatlon requlrement and the
.crop growth stage coeff101ent are assumed to be 150 mm and 0.8 -
respectxvely. Results of calculatlon are shown ‘in TABLE-VII.9 to
TABLE-VII.1l. |
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(5) Land pleparatlon tequirement

‘In general, the land: preparatlon requlrement for paddy flelds can
be deflned as . the supply of water, either by 1rr1gat10n or rainfall, to
a gLoup.o£ farms so as to wet the ground to saturat;on and to’ pmov1de a

water layer to facilitate ploughing and transplanting. -

The présent irrigation_SYStem‘in'the‘pEOjegt'area relies on
_field-toéfieldxflocaing; “In order to supply the required amount of
" water to each'plot, it may take the period of two weeks on an average.
' Hence, replenishment for . eéaporation-and percolation losses during the
land preparatlon perlod is needed. Taklng account of the amount of
replenlshment, the land preparatlon requ1rement is calculated by the

:follow1ng equatlon:

LP

SS + (KE'x EP +P) x T + SP

_ where;
ﬁP = Land preparatlon requ1rement (mm),
58 = Water depth required for iand soaking (120 mm),
RE = Coefficient for evaporatlon from saturated goil or
shallow water layer (= 0. 8),
EP = Pan evaporatlon (mm/day) ,

‘= Percolation rate,

=]
1]

Period for land preparation (15 days), and

ST = Water depth required for_transplanting (25 mm) .

Results of calculatlon are shown in TABLE-VII % to TABLE—VII 11

“and summarized below.

Land Preparation Requirement

Area _ . : - HWet Dry
Quihall (A): - Lower area ' 231 221
- Uppet area: - 268 251

Quinali /(B): o o o287 o 236
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{6) Effective rainfall = . _ . o
i) Ra1n€a11 data for the Qu1na]i {A) River ba51n

In the Quinali {(A) River basin, monthly rainfall data are .
available from three ralnfall gauging stations, 1. e. Gu1nobatan,_
Polangul:and Libon. 2mong them, Libon ralnfall_gauglng station is .
regarded as the'key station for estimatioﬁ df'effeétive'rainfall in the
Quinali (A} RiVer_basin'beéause it locates almost in the center of the

proposed irrigation schemes.

_ Since duration of raihfall data available at Libon rainfall.
gauging qtatlon is insufficient Eor the study, rainfall data at Libon
are supplemented by the long-term ralnfall records avallable at
Guinobatan rainfall gauging station. FIG.-VII.2 shqws correlation of
monthly rainfall between Guinébatan and Libon rainfall gauging
stations. Aé shown in this figure, the monthly rainféll at'Libon can
be regarded as 75% 6f.£hat.obéerved at Guiﬁobatqn rainfall gauging
station with a correlation coefficient of 0.842, Since mohfﬁly
rainfall’ records from 1972 .to 1977 are avallable at Libon ralnfall
gauglng statlon, ralnfall data for other periods, i.e, 1956 1971 and

1978-1979, are supplemented by using the above conversion ratio.

ii)' Rainfall data for the Quinali (B) River basin

In the Quinali (B) River basin, monthly rainfall data are
availablé-from_Maliﬁao rainfall gauging station for 8 yeaté from 1972
to 1§7§. 'Sinéé duration of available rainfall record at Malinao is .-
insufficient.for the presént study, it is suppiemented by the rainfall
records observed at Sto. Domlngo ra1nfa11 gauging station, FIG,-VII.Z2
" shows correlatlon of monthly tainfall between the above two stations.
The monthly rainfall at_Mallnao can be regarded as 110% of that o
observed at Sto, Dbmingo rainfall ~gauging statioﬁ'with a correlatioh
coefflclent of 0.908 and then, monthly ralnfall records .at Mallnao are

supplemented by using the above converslon ratio.:

iiiy Estimatioh of effective rainfall
The . potentlal ‘effective ‘rainfall on paddy 1and in the pro;ect area
can be. estimated by usxng a convergion curve shown in FIG.-VIL.3 whlch

was proposed in Lhe report on - Lhe Upper Pampanga River Pro;ect in
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1975, The monthly potential effective rainfalls thus estimated are
shown in TABLE-VII.12 and TABLE-VII.13 for Libon (Quinali A) and’
Malinao (Quinali B) respectively.

n :Iriigaﬁidn_effidiency*

: Ifrigation*efficiency is estimatedfby the following equation:

IE = Ba x R
where, - _ _
"TE = Qverall itrigation efficiency,
Ea = Applicatioh efficiency, and
Bc = Conveyance and operation efficiencies.

“Taking into account the soil characterlstlcs, topography, climate,
1rrigat10n practice, etc, in the prOJect area, the appllcation
eff1c1ency is assumed to be 75% 'of the crop 1rrlgation requ1rement on
an average ‘over the whole pro;ect area. In addltlon, the canal
conveyance and operation efficiencies are estimated to be 80% of the

crop irrigaﬁion'requirement in total. Overall irrigation efficiency

is, therefore, estimated at 60%.,

(8 ”Irrigation diversion requirement

The irrigation diversion requiréement is defined By'the following

equation:
IPR = (CWR - RE}/IE
where, _ _
: ~IDR = Irrigation ‘diversion requirement,
CWR'= Crop ‘water requirement (Tables VIL.9 to VII.1l),
RE = Effective rainfall (Tables VII.12 and VII.13), and-
IE = Overall irrigation efficiency (608).

The lrrlgation dlver51on requirement for anit: area is estlmated on
monthly ba91s in 24—year perlod of 1956 1979 Results are shown in
TABLE-VIL, 14 to TABLEHVII 16 taking the unit of 1/sec/ha. :
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- The unit icrigation diversion requirement for the desigh of .
irrigation-faciiities, or the design intake dischatge,zfor=éach area is
determlned to be equlvalent to 20% probability of. oocurrence for the U
'annual maxlmum monthly mean requlrements taken from: TABLEFVII 14. to

TABLE-VII. 16 Following ftgures thus estimated are adopted to the

design of 1rrlgatlon facxlltles.

Design
Area Discharge
' {1/sec/ha)
Quinali {A) River basin
Lower area 1.28
Upper area _ 1.67
Qu1nal1 (B) River ba31n ' 1.14

7.2.3 Scale of'iffigafioo Area _
(1) Water sources in the Qulnall {A) Rlver b351n

 Reliable water sources 1n the Qu1na11 (A) Rlvel basin are the
Cabilogan, Ogsong, Na51sp, Salog and Polangui Rivers. Except for the

Quinali'(h) rivér, stfeam flow records are available at 3 gauging

stations as shown below,

Drainage

Gauging Station River : Area Period of Record
' {km2)

Bobongsuran Cabiiogan 131 1956 ~f1978

Benanuan Qgsong 11 © 1956 - 1978

Nasisi : ' Nasisi' ' -39 195 - 1978

The stream runoff for the Salog and Polangui Rivers can be
estlmated by extrapolation from flow records observed ‘at Nasisi qauginq
station. The extrapolatlon is c¢arried out based on relatlonshlp

between drainage area and ‘annual mean runoff'as‘shown in FIG;—VII;G.
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A certain portion of runoff from the OQSOng, Nésisi,-Salog and
'Polangui_Riuers-has been'divéﬁteﬁ by exiéﬁihg.intake'facilities of the
:4'National Irrigation-Systemé;‘-AVailable discharge for the new
development shéuld,fthéreforé, be ¢alculated by deducting irfigation
diversion requirements of the National Trrigation Systems for river
runoff, Water sourues for the proposed irrigation schemes can hbe

evaluated as follows:

i) wWater source for the Cabilogan Scheme:

Cabilogan River (Drainage area = 122_km2)

ii) Water sources for the Agos Sta. Cruz - South Quinali Scheme:
a) Remaining discharge on the Cabilogan River after_divetsion by

the Cabilogan National Irrigation System,

"~ b} Remaining discharge on the'Ogsong River after diversion by the

Ogsong National Irrigation System, and

) Remaining'dischérge.on the Nasisi River after diversion by the

Nasisi National Irrigation System,

iii) Water sources for the Quinali Scheme:
a) Remaining discharge_on'the Salog Riuer after diversion by the

.Mahabanﬂational Irrigation System,

b) Remaining discharge at ihe Hibiga Headworks after diversion by

. the Hibiga Wational Irrigation System, and

) Stream runoff £rom the dralnage area of the Polangu1 River

(excluding the dralnage area at the Hlblga Headworks).

. Irrigatlon dlverqlon requlrements for the Natlonal Irrlgatlon
System are calculated taklng the future 1rrlgable area into account. as
.shonn in TABLE—VII 17° Based on the unit 1rrigat10n diver31on _
'requirement for the upper area in the Quinali (A) area (TABLE«VII 15)
and the- future irrigable areas, irrigation dlver31on requirements are
_calculated asg shown in TABLE-VII.18 to TABLE-VII. 21
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“The monthly mean dischérges.ét the prqposed Cabildgén_ﬁeadworks.
and the existihgfheédwdpks EQr1£he Nationalﬁlrrigatién Systems&and fo?
the Polaﬁgui,Rivef‘ére calculatgd;by.uéing available records and
conversion ratio as shown in'TABLEfVII.zz. Results of céiculation are
shown in TABLE-VII.23 to TABLE-VII.28. '

_ Available discharge at the broposed Agos Sta. Cruz —:Sputh-Quinali
Headworks and at the Quinali Headworks are calculated as shown in

PABLE-VII.29 and TABLE-VII.30.

(2). Water sources in the-QUiﬁali (B} River basin

The thnali'(B) River is the most reliable water source for
itéigation. Since stream flow records for this river are not
available, the stream runoff at the proposed Bahtayanjﬂeadworks is
extraéoiated from . flow recbrds observed at Bobohgsﬁran gauging station
using conversion ratio of 0.715. The result of éalculation is

sumarized in TABLE~VII,31.

" (3) Scale of irfigation'area
The following criterial/ concerning'limiﬁatioﬁs for water
shortages are utilized in détermining the adequancy of project water

supplies.

i) ~ Maximum annual shortages should not be:greater than 50% of the

annual irrigation diversion regquirement.

ii) _Méximhm combined éhortages in any two consecutive years should
not be greéter than 37.5% of the irrigation diversion '

requirements, and

iii)y The average annual shortage over the 1956-1978 period should

not be greater than 7%.

1/: Irrigétion-Deﬁelopmeht1Plan for Central Luson, NIA/RCI, 1977
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_ Fifst,-thsiCally"héximum frrigable'areas-by gravity'irrigaﬁiqn
: arefdélineatediohfthefévailable topographié map with a'scale of 1 to
25,000 and'a contour interval of 10 m as shown in TABIE-VII.36.

Irrlgatlon dlversion requ1rements for the ‘delineated schemes are
calculated as shown in TABLE-VII 32 to TABLE-VIL,35. 1In order to
' conflrm the availablllty of watcr source i for' 1rrlgation, water balance
'calculations ‘ate carrisd out based on the crlteria mentloned above,
FIG.~VII 5. to FIG.—VII 12 shows the monthly water balance between
avallable mean d;scharge and 1rrlgatlon dtve151on requlrement for 24

vears from 1956 to 1979.

_ The amount of; 11r1gat10n water . shortage is ecalculated for each
scheme as shown in TABLE~VII 37.: Irrigatlon water for envisaged
chlgatlon areag’ can be supplled by stream flow w1th1n the 11m1tat10n
of shortage mentloned aboveg‘ Hence, the scale-of 1rrlgat10n area for

each scheme is proposed as follows.

Name of Scheme ‘ _Net Iirigation Area
. (ha)

Quinali (A)" River basin

i) Cabllogan . ' : 1,400
ii) Agos Sta. Cruwaouth Quinali 4,350
ity gulnall... - . -§00
Sub~total SRR o . 6,350

: Quinali-(ﬁ) River basin

iv) Bantayan: i : L 27400
“ Total o . 8,750

7.2, 4 Drainage Requlrement

(1) General _ ‘ _ _

. The drainage faciiiﬁiésjaré to bhe pxovidéd to rembvefthe excess
water;in the fields taken place due to the heavy rainfall.dufihg'storm

and tb'cregteﬂadequate conditioné‘of:dréw&owd ina harVestiné'period.
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The unit drainage requ1rement is estimated referrlng the NIA

design criter1 / surface drains ‘are deslgned 80 as to handle flows
generated from lo—year storm frequencies.

(2) Design rainfall
~ The lOwyear, l-day storm ralnfall in the pIOJEPt area ig

calculated as Eollows

lo—year,-i—ddy

Area ' storm rainfall
' (nm/ day)
Quinali (A) River basin _ © . 250
Quinali (B) River basin _ - 300

These storm rainfall are used as a design rainfall for éstimation

of unit drainage. reguirement,

{3) Unit drainage reguirement _ _
The unit drainage reguirement is calculated by the_fdliowing

equation.

I - 100 4
=z e o

where,. _ _ .
R : .Unit drainage requirement {1/sec/ha)
I : Design rainfall (mm/day) and
T : Drainage period (86,400 seé)

Using design rainfalls for both basing, unit drainage. requirements
for the Quinali (A) and Qu1nali (B} Rlver basins are estimated at 17,4
l/sec/ha and 23,1 l/sec/ha, respectively.

'lY: DeSLQn Crlterla for Irrigation Canals, Drainage Channels and

Appurtenant Structures, G N. Ig1e51a.
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CHAPTER VI






VIIT. FLOOD DAMAGE

8.1 Damage to InfrastrucLure : . _ . _
_The first fleld 1nventory survey on the flood and sediment damages
in the pfojedt area was carried out in 1979 as a prellmlnary flood
damage survey, and the second fleld lnventory for the Master Plan study
which is a- follow—up of the Elrst survey WaSs made in 1980 by usmng
topographlc.maps on the scale:of 1/25,000. In the latter study, the
damages to infrastructures were surveyed based on the infbrmatibn
collected by the Authorities concerned and the data on the proPeLtles

obtained by the Team.

For the re-assessment and review of the Master Plan, the flood and
sedimént'damages inclhding hud/debris‘flow damage were surveyed during
the past two years in 1980 and 1981 in addition to the data batwaen
1975 to 1979 in the Master Plan study. :

8.1.1 Damage to Houses
(1) 'Value of Hohse _

Houses 1n the progect area are lelded into three classes such as
- Type A, B and C con91der1ng the constructlon materlals of roof and wall
as shown in MunlClpal Soc1o~Economlc and: Physical Proflle Document in
1979 and 1980. 'Type ‘A' Houses are made of concrete and F.I./Aluminium.
'Type B'_hbgses are made of wood. 'Tﬁpé C' houses are made of bamboo

slate and nipa.

ﬁouse value of each type iS'aSSeséed as the averége‘value
estiméted with construction cost 6n the basis of interview with the
barangay captains in 1980, The values were estimated at P 80,000, P
20,000 and P 2,000 for 'Type A', 'Type B' and 'Type C' respectively at
the price level of 1980. Xach house value is re-assessed at P 115,000,
P 29,000 and P 2,900 at 1982 price level on the basis of the inflation

rate between 1979 and 1982; average inflation rate of 13% per annum,
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'(2)__Flood bPamage Rate to House _ _ _

Since there is no flood damage rate to. be applicable in the
Philipbines;ffhe damage rate on thé.b@sis:of Japahese:étandard'is
apblied. The damage tate in rélatioh to inundation déepth is listed

below.

Depth above . Damage

 Situation . floor level ~_rate

'minphdatidh.below‘ n - | 0.03
- floor: level :

Inundation above 0 -0.5m 0;053

floor level 0.5 - 1.0 m 0.072

1,0~ 2.0 m 0.109

2, 0-3.0m 0.152

Over 3.0'm 0.220

Source: The Ministry of Cénstruction, Japan

{3) The Number of Houses Inundated due to Flood
In counting the number of houses inundated due tofflood, the

following criteria are considered:

1) Dpistribution of the differeht type'houses is'aéééssed by the
. - proportion obtaiﬁed from the Socio-Economic & Physical Profile
- of Municipalities in 1979 and 1980 and ‘the field interview
with the barangay captains in 1986. The prdportion is

estimated as follows:
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ii)

(Unit: %)

Municipality. _ - '.Type'A ~ Type B - 'Iype C.
Polangi . - 10 20 N af70_
Libon - 1 30 60
~ Oas . 10 30 60
 Ligao 10 o 50
Guinobatan - T 20 70
Camalig 10 40 50
Daraga .20 . 30 50
- Legazpi City _ 20 50 30
" Sto. Domingo o _ 1o - . 40 - 50
_Bacacay. 10 40 50°
Malilipot - 10 a0 . 50
Tabaco L 10 S 40 50

Malinao 0 . 30 60

Source: “Municipal Socio-Economic and Physical profile

Document in 1979 and 1980

‘The xnundatlon area’ is dellneated by counterchecklng the. data

of the fleld 1nventory surveys and the results of hydrologlcal

‘and hydraulic analy31s, espe01ally, in view of inundation

depth and 1nundatlon perlod As the result, the damaged area

due to typhoon "Pepang“ is approx1mately 113 km? in the

jPrOjeCt area as shown in-the Master Plan. _

_The iﬁuhdation area'by'thé flcod of typhdon “Daliﬁg“ obtained

from MPWH is almost the same as the area of typhoon “Pepang“

' For the re-assessment and rev1ew of the damage to houses, the
_b351c data and the flood damage analy51s of the Master Plan is

‘avallable.

Inundated barangays are obtalned from the fleld interview and

..maps on the Master Plan study. The number of 1nundated
j‘barangays in 1979 (typhoon "Panpang") 1s estlmated at 49 in

' the Qulnall (A} River ba51n, 4 in the Yawa Rlver baSLn and 6 Vﬁ
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in the:Quinali (B) River basin respectively as shown in
TABLE-VITI. 1, The East -and North-East Area is assumed to have.

‘no inundation for the barangay area.

_iii) The total number of houses in the inundated barangays is
estimated as household by the Socio-Economic & Physical
Profile of Municipalities in 1979 and 1980 collected by the

Master Plan study.

iv) The number of houses inﬁndated by typhoon "Pepang" in 1979 is
. estimated by the field survey of inundation depth, inundation
area and flood damages, etc. by counterchecking the data of
typhoon "Dallng" in 1981. 'The number of houses inundated for
'lD~Year,'20—year, 50-year and 100-year probable Eldod is
estimated based on the results of hydrological and hydraulic

analysis of the Master Plan.

{4) Damage to Houses

In this study, the damage to houses is estlmated on the dwelllng
units excluding ‘the ‘damages to publlc buildings such as schools,
charchea; faetories;'etc. As a result of the fleld SULVQY, the damages
to publlc bulldlngs have been caused by w1nd and heavy rain due to
typhoon and have not been caused by flood, TABLE-VIIT.2 summarizes the

damage to houses,

The damage to houses by tybhoonfﬂ?epahg“ in 1979 is estimated at
P 16.98 million at 1982 price level and the damage in each river hasin
ig shown in TABLE—VIII 4. TABLE-VIII.3 1nc1udes the dlrect damage
sustalned by commerclal establlshments.' ThlS damage is estimated at
about 10 percent of the amount of the damage to houses as descrlbed in

the Master Plan.

The damages for 10~year, 20~year, 50—year and 100~year probable
flood are estlmated SLmultaneously as shown in TABLE—VIII .3 and
TABLEaVIII 5 to TABLE—VIII 8. Those damage costs are P 35.54 milllon,

‘P46, 66 mllllcn, P 63,16 mllllon and P 75.01 mllllon respectlvely.
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8.1, 2 Damage to Government Infrastructurei_;
(1) Damage to Road Structures

Due to flood water and sand sedimentation brought by the f.lood,
the varlous kinds of roads such as natlonal road, provincial road,
munlcloal road,‘c1ty road and barangay road, have been damaged every
year. 1In the extreme case, roads and brldges ‘were washed away by
rushing flood water. Besides, travel time or transportlon ‘cost. are
‘increased during the flood time, which gave adverse efféct on the

province economy.

. Flood damages to roads are classified into the fo;ldwing.three
categories: .i) Damage. to bridges, culverts, pipes, ditches and
reconstruction of embankment, surfacing, riprapping, etc. ii) Increase
of travel cost for the detouring, iii} Decrease of.regionai prodhct
such as gross regional product resultlng from temporary closure of

major transportlon arterles.

The detailed'damage:to road by each typhoon during the period of
1975 - 1979, on the Master Plan study and additional data during past
two years in 1980 and 1981 are listed in TABLE-VIII.9 to TABLE-VIII.12.

Damage to brldges and roads can be approx1mately measured by the
'estlmated damage costs, since the est1mated damage cost due to each
typhoon and heavy rain are submltted as the calamity fund to the
Government from the Mlnlstry of Publlc Wbrks and nghways, the
Provincial Engineering Offlce, the Clty Englneerlng Office’ and the’
Mun1c1pa11t1es. However, the_rehabllltatlon costs in'each year are mnot

sufficiently released to reconstruct the damaged bridges and roads.
'Fer the damages in categories ii) .and iil), these indirect damages

are assumed to be 15 percent of the direct est1mated damage costs as

descrlbed 1n the Master Plan.
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{2} - Damage to Railway Structures
Rallway 10cated at the east’ area of Mayon volcano from Legazpi
Clty to" Tabaco was destroyed and dismant led by the eruptlon in 1938
The’ railway from Daraga to’ Camalig was damaged by debris Elow in 1969
Jafter: the eruptlon of 1968 and many brldgea waére damaged heavlly in’
1975 by flood and debris flow from Mayon Volcano. The railway system
in Albay Province has been dismantled between Camalig and Legazpi City

at present,

CIn eetimeting the damege costs; the.dismantled railway from Daraga
to Tabaco'is.excldded and the estimated damage cost from 1975 to 1979
is obtained from the Philippine National Railway on the Master Plan
“study. In’additien'go_thé demage data from 1875 to 1978,.the data
between 1980 and 1981 were collected from PNR. The railvay of the

project ‘area 'is located only in the-Quinali (A) River basin.

The detalled damage to rallway trucks and brldges caused by flood
1s summarlzed ‘in TABLFwVIII 13 and TABLE—VIII 14, The damage in 1975.

from Ddraga to Camallg is considered ;n this study.

(3) Damage to River Facilities

“In the project area,'Floodihg of the maiﬂ rivefs such as the'
Quinali «(A) River, the Yawa River and the Qulnall (B) river has done
damage to river structures, These damages are caused by washlng out

and eroding dikes and scouring boulder: riprap.

-The detalled damage to river fac111t1es by each typhoon during
1975 - 1981 is listed in TABLE-VIII.1l5 to mABLEFVIII 23, Additional
data in 1980 and 1981 was collected from MPWH and is listed in _
TAEﬁE#IxﬂlS”to IX.18. ' These damage coStsia:e-measUred by the ‘estimated
damage coets:sﬁbhitted as-the'célemity fund to the Government from the
Ministry of Public Works & Highways and the City Engineéring Dffice,
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(4) Damage to Other Infrastructures _
' Data of the typhoon damage to cherfinfrast:udtureS'was collected

from the related Authorities concernedain_thejfield survey in 1982,

Damage to telecommunlcatlon fa0111t1es (telegraph lines) due to
typhoon in 1981. is 1lsted in _TABLE-VIIT.24 and this damage data was

collecteﬁ from Bursau of Telecommunlcatlons,
Damage to electricai facilities (distribﬁtion lines)'due to
typhoon is listed in TABLEFVIII 25 ‘and this damage data was collected

from Albay Electrlc Cooperatlve, INC.

Damage to waterworks due to typhoon is listed in TABLE-VIII.26 and
this damage data was collected From MPWH, '
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8.2 Damege te-Irrigation Facilities -
CB.2.1 Past: Damages

The flood damage - to the 1rrlgat1on facilities in both National and
Communal Irrxgatlon Systems had been 1nvest101ted by NIA staffs just
after. every Elood in -the past 5 years from 1975 to 1979 on the ‘stage of
the Master Plan stuqy. These damages'are summarized_in TAELE«VIII.$G'
to TABLE-VIIT.35, | |

In addltlon to the above previous data, the flood damage due to
typhoon "Anding,- 1981" and "Arlng, 1980" was collected from NIA. These
damages are listed in TABLE-VIII.28 and TABLEFVIII.ZQ,-and are

summarized in each river besin as shown in'TABLE~VIII.2?.

The damages on the temporary ivrigation fac1llt1es constructed by
farmers themselves are also included in the above tables, which are
estimated to be around 30% of the total damages on the Nat;onal and

Communal Systems based on the result of field idvestigation.

8.2.2 Damages to irrigatiod Facilities

Major fldods_which occurred during 7 years from 1976 to 1981
almost'correspend to the probable flood with 2-year return period. The
amounts of damage to irrigation facilities due to the floocds are '
ranging from P 151,000 to P 710,000 in the said period. On the other
hend, the flood due to Tthoon ﬁSisang“ in 1975 corresponds to the
pfobable'flood with a return.pefiod of more than 20~year. However, the
amount'of flood damages is only P 234,000 which does not exceed_the
above maximum of P 710,000. This indicates that the flood damage does
not increase in proportion to the magnitude of flood and thefefore'it
is difficult to establish the relation between the flood damage and
%loed'magnitude.. For the estimation of the flood damages, the biggeét
damage during the said 7 years whicﬁ was caused by typhoen “Pepang“.in
1979 is adopted ae the flood damage to be caused by the probable flood

‘with a return period of 2~years,
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The damages to be caused by the probable floods with return
periods. of more than 2~jear_are estimét§d by'eﬁp1oying the'damaQé
increase rates ‘applied foﬁr_‘.forecas't: -of the damage to infrastructure
assuming'tﬁat tha,damage.£0'irrigatioh facilities is qualitatively the

same as thét-to infrastructure.
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8.3 Damage to Crop S : .
':Flood-déﬁage tolcfops'in the project area is estinated by the
analytical method in’the wWith- 'and"withOut‘-projeet‘:'cbn.diti:ens; Past
records:oh tﬁefdfop damége are used subsidfarily; ‘Crop damage by

floods is made'mainly:oh palay. Damage to the upland“cfops such as
coconut abaca mal?e, sweet potato and taro is negligibly small because .
these crops are. planted, ln the most cases, on the flood—free_areas.
_Paremeters of the flood damage to palay are the area of standing crop,
expected'het income:byLEhe farming, production cost already spent by
the date when flood occurred, growth stage of the crop {cropping

' pattern),.inUndation deéth, inundation duration,'flobd velocity,
monthly occurrence frequency of floods and sediment flows and debris

flows,
Crop damage by flood can be expressed as
D= (I + C) x R

where, D is the éfép demage, I'is the net income in withohteflgod
'GOndition;-C is the'produdtioh cost already spent by the date when
flood occﬁtfed and R is the crop damage rate. . The net income in
withoﬁt~floodfcondition aﬁd the produceion coet already spent by the
date when flood occurred ere estimated from the typical farm bgdget.
The crop damage rate is determined by the standard table for the palay
damage prepared by the-Minietty of Agkiculﬁure, Forestry and Fisheries
of Japan., The'damage rate is the sum of the rates for the inundation
‘damage and the lodging damage in which ipundation damage'tate is the
product of the interaction among the growth stage, inundation depth,
inundation duration and_debris content, and the lodging damage rate.is
ihe-product of the interaction anong the growth stage, flood depth and
flood velecity; .The complete lodging is.caused in maturing stége if
the flood depth is more than around knee high and that the flood

velocity becomes around 2 m/sec or more.
The area of standlng crop 13 estlmated baged on the cropplng _
pattern and 15 expressed reflectlng the ratio of area of standing crop

' to the total planted area.
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The monthly frequency of floods is expressed in térms of the.
monthly frequency of occurrence of typhoons in the pr03ect area, which

is obtained from the Meteologlcal Agency of .Japan.
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CHAPTER " "IX






CIX.  COST ESTIMATE
9.1 General . . _ . . !
Construction cost of the Sabo works 1nclud1ng nine - tr1butar1es,.-
under the Mayon Volcano Sabo and Flood Control PrOJect, is estimated on
the basis of the prellmlnary englneerlng de31qn and the proposed
constructlon plan and schedule,. For the cost estimate,  local
conditions of the Phlllpplnes, available equlpment and materlals,
suitability of constructlon method, worklng rules, the Government

estimate procedure, etc. are taken into acount.

The cost estimate is darefully'prepareﬂ,‘using the quantities
obtained from the preliminary engineetihg deeign study, so as to
include all the costs incidental ﬁo'the construction of this Project.
Detailed cost'estima;e;and unit price breakdown are presented on this

Supporting Report and Detailed Cost Estimates. . .
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9,2 Basié Conditions

The basic condltlons applled to the cost esLimates are as

' presented below:

(1)

(2)

(3)

(4}

(5)

(6.

Price Level _ _
Prices are based on current prices for labor, materials and

equipmént as ofIMidhiQSZ.

FxChange Rate
Rullng exchange rate. used in this estimate is as follows.

1. 0 US$ = 8,0 Pesos = 240 ‘Japanese Yen

Work Quantlty

j-Work quantltles are calculated based on the preliminary des1gn and

presented on_the Deta;led-Prlced Bill of Quantity Report.

Tax ‘and Duties
For estlmatlng the financial constructlon cost, unlt przces are

egtimated on the ba51s of the current prices in the Phlllpplnes

~and these prices include tax and duties for imported materlals and

equipment,

Material Cost

All constructlon materials are to be supplled by the contractor
mainly from local markets. It is based on the prlce in ‘Albay on
Mid41982. The costs of steel product and re1nforc1ng bar, cement,

fuel and lubricant are divided into the foreign currency portlon

- and local currency portion,

,Labor Cbst

Dlrect dally wages of local labor applled to the constructlon cost

are estlmated based on the wages in Albay on M1d~1982 The labor

'cost estlmated dose not include any dally overtime and overtime

for Sunday and Hollday.

Code



{(7) Equipment Cost
Equlpment cost is estimated on the basis of depreclatlon cost,-
‘repair cost’and admlnistration cost against CIF prlce, cons:.dering
‘daily rental rate in the Philippines. Equlpment cost does not

include the: materlal cost and labor cost.
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9. 3 Constluctlon Cost

blnanc;al constructlon cost estlmate is. made based on the MPWH
' -estlmatlng_procedu;es. Constructlon cost comprlses contract cost. _
inciuding direct cost, general supervision & mlscellaneous, profit and
contractor's tax, right of way/slte acquisition, engineering cost,
project management cost and contingehcy. The MPWH estimating

procedures are as_follqws:

{1) Contract Cost _
{a) Dlrect cost lncludes the direct cost of materials, labor and
equ1pment=expen5es as_shown 1n_the unit price breakdown on
the Detailed Priced Bill of Quantity Report. The cost of
labor is estimated at the sum of direct labor, leaves,

5585/G81s8, medicare and state insurance.

{b) Generél cost for this estimate includes mobilization and 7
demobilization, wvehicles, field office, access road and other
. temporary wbrks. General cost is taken as 10 percent of the

- direct cost.

(c) Superv151on and mlscellaneous 1tems for the contractor are
estimated at the rate of 5 percent and 1 percent of the sum

of direct cost plus general cost.

(d): Profit is computed at 10% of the Sum of direct cost plus
' general cost and supervision & miscellaneous according to the
Memorandum for the Allowable Percentage of Contractor's

Profit in the Philippines,

{e) Contractor s tax is estlmate at 3 percent of the sum

abovementloned
(2) Right of :Way/si'te Acquisition
' " The cost of rlght of way/51te acqulsltlon is calculated based on

the Schedule of Base Unlt Market Value for Agrlcultural Lands in
"l982; This- cost is assumed to be 1,800 pesos_per hectare.
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(3)

(4)

(5)

Engineering Cost - _ .
Engineering cost which is‘lo%'of-the-contract cost.. includes
topographlc survey, de51gn, soil . testlng prior to: and durlng

constructlon, constructlon surveys and constructlon management.

.In the construction cost estlmate, Lhe englneerlng cost” Eor the

overseas consultant is not included and this engineering cost is

to be‘consultancy services of the Philippine'e consultant under

the Project Management Office.

Prozect Management Cost

The operation cost of the pr03ect management office established by
the MPWH is computed-at 5 percent of the contract coet. The
project management cost includes the eala:ies for the personnel
services and maintenance &.operating expenses dufiné the

construction period including design stage.

Coniingency'
The contingency is provided to cope with unforeseen physical

conditions and price escalation due to inflation.

{a) The rate of'ﬁhysical contingency‘varieS'with conditions of
construction and the physical céntingénéy is influeﬁced'by
the'following factors: Physiéal conditions of construction
site; Technlcally unknown dlfflculty, Exactness of
1nvestlgat10n and study undertaken; Exactness and base of -
cost estlmate, Exactness of work quant;ty.calculatlon;
Vafiation:in preiiminary design; Occurence of unforeseen

_ condltlon due to natural phenomena, Exactness of estimate of

constructlon pericd, |
From an assessment of factors involved,. the physical

contingency of 15 percent on the feasibility stage estimates

is applied.
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B The rate of prlce escalatlon contlngency varies with
inflation in the: Phlllpnines.- The pxlce escalation is
estimated by applylng the 1nflatlon rate of T percent per'
 annum on . foreign gurrency portlon and 13 percent per annum on

-logal cuxrency portlon.
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9.4 Total Construction Cost
' Constructlon cost 1s estlmated based on the abovementloned hasic

conditions and MPWH cost estlmate procedure.

. Total construction cost. of each: rlver basxn for the rewassessment
and review of the Master Plan is estlmated in TABLE%IX 1 to TABLE—IX .3,

Total construction dbst of the Sabo Project is estimated: in
TABLE-TX. 4'- Constructlon cost of the Sabo Progect for each r1ver basin

is llsted in TABLE—IX 5 to TABLEPIX 7.

Construction cost’ excluding price escalation for each work

component is listed in TABLE-IX.8 to TABLE-IX.22.

Construction cost disbursement schedule is presented in

TABLE-IX.23 to TABLE-IX.30.
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9.5 Economic Cdst _

For the economic‘evaluation of'the"Project for thé re=~study and
the Sabo Pro;ect, the economic ‘cost 1s estimated by adjusting the
f1nanc1al constructlon cost The economlc cost excludes tazes of
materlals and equlpment, contractor's proflt and tax, ‘land acqu151tlon,

and price escalatlon.

Economlc cost estlmates and the economlc cost dlsbursement
'=chedule are llsted in TABLE-IX.31 to TABLE-IX 60. Detalled economic’
cost’ estlmate and that unit price breakdown are presented in the

Detailed Prlced Blll of Quantlty Report.
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CHAPTER. X






X. DISASTER PREDICTION AND.WARNING SYSTEM

10.1 Introductlon_.

_ * Albay, Prov1nce located in .the typhoon belt :of . the Pacrflc often‘.
incurs heavy losses. attrlbutable to- troplcal storms. Typhoon
accompanled w1th a torrent heavy ralnfall has brought mud/debrls filow
in the steep mountain’ slope of Mayon Volcano. Flood and_lnundatlon
have been the consequents of such stormy rainfall in the flat land
adjacent to the mountain-skirt.: The Government of Phlllpplnes has .
struggled to mltlgate such dlsasters by constructlng dykes. along the
rivers 1n the prov1nce. The Government's works proved their ;
effectlveness at each typhoon season- nevertheless they have been
obliged to be the emergency work level due to the economic condition of

~ the country.

- In addition to_thesehemergent works, - the Government have .
undertaken the_study:of'masterfpian’for'the flood: control and sabo
works, ' Upon request by the Government, the Japanese Government.
.extended technical cooperatlon 1n the study through JICA. JICA -
dlspatched the study team tw;ce in Years of 1978 and 1980. The study
teams prepared MASTER PLAN FOR MAYON VOLCANO SABO AND FLOOD CONTROL
PROJECT with regard to the ‘sabo and flood control for the. progect
area. It is concluded that’ varlous sabo fa0111t1es in the ‘slope of
Mayon Volcano and flood control fa0111t1es in and ‘along the rivers are-
essentlal to mltlgate the dlsasters in the project area. The
Phlllpplnes Government has embarked the 1mplementatlon of works
proposed in the Master Plan when the Typhoon "Daling”- brought the _
serlous damages to the project axea on June 30 and. July 31, 1981 The
Government requested again the technlcal assrstance from the Japanese
Government to re- assess and rev1ew the Master Plan to. flnd the most
effective: approach taking the recent dlsasters 1nto con51derat10n.: And
the - Japanese Government responded to the ‘request of dlspatchlng a study. -
team for the Re-Study on: Mayon Volcano Sabo and: Flood Control Pro:ect
through JICA ' ' :
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The recent disasters are characterized in its devastating
casaéltiee'taken place in broad areas.  The casualties are attribhtable
' prlncapally Lo the magnltude of the ralnfall intensity. It'is,
however, con51dered that some casualtles could have been av01ded 1f the
disaster had'not'been brought about in mid nlght. Peoples 1n‘danger
. zone slept well and disaster had taken place before the people were

'aware ‘of thelr danger.

In.thistrespeet;ithe:Governmeht considered it is necessary to
install a‘diSasteruprediction'ahd warning system. to mitigate'disaster
as a:non¥structur311heasure; and .the planning for the introduction of
‘the disaster.predictidn and warning system was included in the o

_aSSighment program for the Re-Study.

The studles on the system were conducted mainly by the systems
_englneer (Senlor hydrologist) and the telecommunlcatlon englneer.
&1nce their arrlval to the job 51te, data and records were collected
“and anallzed on hydrology, geordgy,- isaster; disaster. prevehtion
act1v1tles, flood control facilities and existing telecommunication:

system,.

Data and records were collected through various offices such as
PAGASA Manila, Legazpi and Naga, Typhoon Committee Manila, OCD Manila
and Legazpi, BUTEL"Legazpi, BRBDP Naga and COMVOL Manila and
Misericdrdia.'7The"obtained data were examined.and'aﬁaiysed thrgugﬁ
diseussions with offieieis c0ncerned and site reconnaissance eurVeySr

The plan proposed hereunder fully reflects results of these analysis. -

_ ThlS report aims to backsupport the main report of the Re—Study
szth regard to the dlsaster predlctlon ‘and warning system. In the ‘next
: Sectlon, the preSent condltlons of dlsaster and dlsaster ‘preparedness '

._ are: descrlbed based on the information obtalned in- the field works. .

. The 5ect10n 1003 brlefs the outllne of the proposed plan. = The: major

1tems dlscussed hereln are the method for predlctlon, method -for

e.warnlng, the proposed telecommunlcatlon system, the conflguratlon of

-equlpments and their performances and constructlon plan. The proposed
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plan is phased in three staQeS:with due regard to the socio-economic
and technical condltlons of Lhe progect area. The costs for thé
1mplementat10n are estlmated and mentioned in sectlon 10. 4. “The
separate costs are estlmated for,equlpments, Qonstructlon'and '

implementation; training and operation and maintenance.

In the last section, severai recommendations are proposéd for

-effective and smooth implementation of the project.

10.2 Disaster and Disaster Preparedness

10.2.1 Disaster | | | | |
Disaster concerned to this Sabo and flood control;project has been

flood inundation, mud/debris flow and storm surge. They are brought to

the project area by typhoon and monsoon accoﬁpanyingmtorrent heavy :

'rainfall and strong wind.:

Ralnfall with high 1nten51ty in the mountain slope turned to be a
flood w1th high peak. and flushed into river channels. -The channel .
slopes are as steep as more than 5 percent in the mountain slope and 1
percent even at mountain skirt, whereas ohés:in flat area adjacent to
mountain skirt are less than one per mil and the river channels |
suddenly deéreése their flow capacities. 1In this accord, the flush
flood from mountain slope tends to overflow from natural channel and
the vast lan&s dre to-be_submefged by inuﬁdétiqn along. rivers.
Calamities hava'beeh recorded as weli as'damages to houses, road and

other structures due to inundation.

Vblcanlc materlals hang on the. slopes and gullies Of Mayon
Volcano.. Most.of ones in gqullies are Slltlng of volcanlc product once
sllded .and concentrated thereto._ A certaln_depth_ofjralnfa;l-15.11able_
to cause land slide of the materlalé on.the slépe intofgﬁllies‘ It
triggers séépﬁda:yfsiiding of matefials-in'gullies_oncé'silted- _ .
therein. _Mud/debris.flow-formed in-£his,ménner_édesﬁdowntscou5ing;out.
the'riverfchannel‘bed and channel baﬂks, ‘It spills'out from the river
channel ‘and spfeadsfwide élong the rivér when it comes down to the area

of one to two hundréds meters above mean sea level in altitude. The
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.mud/debriswfldw:wideiy;sptead'out has causéd seridus-céshaltiés and
damages‘sihde1the areas of these elévation_are‘ﬁopulated'ragher
.densely.. Rémarkable*&amages.dUE‘to:mudydebfis flow have been -
experlenced repeatedly within a few years after éach eruptlon of the'
volcano since volcanic mdter1als newly produced and deposited in loose

condltlon.

. Strong wind aécémpanied with tropical storm has céused'storm
surge. A well deﬁelopeﬁ storm'surge‘has beaten over the sea éhore area
of the eastérn coast of the project area. 'Stdrm sufge has claimed
calamities and damages to flshermans houses, roads and other structures

located in these areas.

Accordlng to. the results of damage analysis, the magnltude of

damage due to the typhoon "Daling" for each cause is as follows:

(1} "Flood Inundation _

Inundatlon has ‘taken place some 51des of most ‘rivers in the -
project: area. The 1argest area of 12,800 hectar was lnundated along
the Qulnall {A) Rlver. . The rivers which caused major 1nundat1on

damages are as follows;

Quinali (A) River 12,800 ha -

Quinali (B) River 3,100 ha
* Yawa River . S - ' 700 ha

As shown on the.inundatioh map, submerged areé'is'COnCéntrated'in
the downstream“feach of the'Qdinali (A):Rivef. Towns of Legazpi and
Munlclpalltles ‘of Daraga, ngao, Oas, Polangi and leon were submerged
}by the’ inundation; nevertheless these towns are the local center ‘of
polltlcal, economlc, educatlonal and other act1v1t1e3.~ The gasualty

‘" record shows that,some_lﬁo deads: are to be‘clalmedfby.a flodd'runoff-of

. Similar-maénitude-with-one bIOUth:bY "Daling“fin these river basin. '
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{2) Mud/Debrls Flow _

Vblcanlc materlals produced by the . reCent eruptlon are piled on
'.the SouthnEast slope of the Volcano. Gullies in thls slope are f1lled'
with' volcanlc .sand, gravel ‘and boulder. These deposxt flowed downward:
and brought considerable damages to habitants and infrastructures at
the’ passage of typhoon “Dallng". Summary of the reported damages are

:as follows,

i) Qu1rangay River
Earth—embanked dyke on the left bank was hit by mud/debrls
flow and partly_broken at the upstream from the PNR bridge. .

ii) Masarawag Rlver \ .
~The old earth dyke on the left bank was attacked and
breached. Mud/debrlsgflow damaged prov1ncla1 road and the

barangay of Maninila.

iii) Anullng 1 River _
Mud/debrls flow damaged .the: barangay of Salva01on clalmlng

casualties. The provincial road was also damaged.

iv) Budiac River

The provincial road was destroyed.

v) . Pawa-Burabod River _ R _
‘The spilleéd out mud/debris flow hittédithe barangays located
along the river and casualties (dead) of 18 were reported.

The damaged barangays are Mabinit, Bonga, Burabod and Buyuan.

' Casualties (dead and misSing) of some 60’psfsdns'are reported in
barangays 1n the mountain slope area of Mayon Vblcano attrlbutable to
the typhoon "Dallngf. It should be spec1ally noted that ‘the evacuation
activities wefe’ﬁéhiﬁd time since the disasters occurred in the mid
night- and. peoples did not acknowledge the warnlng dlssemlnated through

public radio broadcast.

-105 -



(3? Storm surge -

o Storm surge has brought casualtles and damages to houses, roads
and other 1nfrastructures 1n coastal area, People 1n seashore in the
'{followlng towns have been subject ko storm surge- Lega?pl Clty, Sto. |

Domlngo; Bacacay and Tabaco.:

'10 2 2 Dlsaster Preparedness
The act1v1t1es to prevent and mltlgate dlsasters are to be
‘conducted by various authorities whlch organxze the Dlsaster

chordlnatlng Counsel (DCC) 1n respectlve level, Natlonal‘and Regional

. .DCC act’ coverlng 9 flelds whereas DCC of barangay level covers 11

'flelds of act1v1t1es as shown in the Maln Report. Each authorlty is

' a351gned to respectlve fleld Respectlve pec is chalred by General,

Governor, Mayor and barangay captaln, QCD "acts as the secretarlat of
Dee. ' ' '

Members of DCC are a581gned to prepare equ1pments, material and
.manpower agalnst 1mpendlng dlsaster to mlthate damages. it is _
understood that the well advanced 1nformatlon and accuraté forecasts

are extremely useful to make the act1v1t1es of DCC effective,

Informatlon on an approachlng typhoon is to be sent ‘to’ the ocp
Central Offlce in Manlla from the PAGASA Central Offlce ‘in Manila. The
same’ 1nformat10n is to be.sent-to the OCD Reglonal_offlce in Legazpi

either from the PAGASA Legazpi.Office or the OCD Central Office.

- The: record of route and the forecasted route of ‘the ‘typhoon and
'the wind: ve1001ty are included in the 1nformat10n but ralnfall is not

1ncluded

‘ Communlcatxon between the OCD Central Offlce and Reglonal Offlce
is carrled out through spe01flc QSB system and telephone of PLDTS.

. The SSB communlcatlon I.lne tends to be d:.sturbed after 8 00 p.n.
in the evenlng by wave of publlc radlo broadcastlng 51nce the e

-"frequen91es are closé each other and power level used by the SSB ig
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iow. Furthermore, the PLDTS stops its. serv1ce at 9:00 p m.
Accordlngly the communlcatlon between the OCD Central and Reglonal
Offlces encounter dlfflcultles in the nlght tlme frequently 1nsp1te of

the1r 24 hour serv1ces.,_s

Warning to'various offices endipubliC‘éreIdissemiﬁated £rom the
0CD ba51ng on the 1nformatlon provided by the PAGASA or the COMVOL
through ex1st1ng all avallable medla lncludlng publlc radlo o ;
broadoastlng. The Reglonal Offlces of the PAGASA and the COMVOL are . .
also entltled to announce warnlng to the publlc with the approval of

their respectlve Central Offlces.

The PAGASA established‘theoBicoi River Besiﬁ Flood Forecastingf.'
Sybtem in December 1980 as shown in the Maln Report. Data Obtaihed at
telemeterlzed observatlon statlons located mainly in the downstream
" area from Lake Bato have been sent to the Natlonal Flood Forecastlng
Center in Manlla. The observed are hourly ralnfall-and water level at
respectlve statlon. Warnlng has been dlssemlnated to the people from

.the regional PAGASA and OCD based on the aoqulred data.,

Dikes have been constructed along rivers and gullies mainly by
MPWH'as a stfuctufal measure ‘of disaster mitigation. The 1eft.bahk _
dike in the Pawa’ Burabod Rlver functioned well at typhoon “Dallng“ and
protected a part of barangays Bonga and Pawa from mud/debrls flow.
However, the dlsaster at Mablnlt was . caused by shlftlng the course of
the mud/debrls flow upstream the existing conflnlng dike on the rlght

bank at.the-Prov1n91al Road,-

. MPWH has e'plau'to conetruct the Sebo:wonke‘on the;PaWa.Butabod,.""
'the-ﬁasisi and other rivers. The works are. planhed in'the'eﬁergent
Sabo works level and there remain some p0851b111t1es that mud/debrls
3flow of these rlvers may cause” disasters even after the completion of

works.

EarthJembanked road dike and coﬁoréteﬂlined boulder dikes'haee
been constructed along various rJvers to protect towns’ and bulldxngs by

MPWH and other authorit;es concerned The works are effective and
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conSLderable areas have been protected from 1nundat10n. The works ‘have
been de51gned based on the’ recorded flood water level and are
con31dered ln emergency works level. ' Accordlngly there still remaln

'the p0851b111t1es of 1nundatlon in‘some part of the project area.

 Seve£a;:evacuati6ﬁ Eehters have been eStablished in each
municiéélitiés;~ The Mlnlstry of Education and Culture is a member of
DCC and school bu11d1ngs are to be prov1ded as evacuatlon centers,
Bulldlngs selected ‘as: the evacuation - centers are 51tuated in rather
:hlgh land in the area. And they are concelved to be safe against
'mud/debrls flow, flood and storm surge. The evacuatlon centers in the

respective municipalities are'as.follows:

Legaizpi City S "Bongé; Mabinit and Gogon

Daragef : Malabog, Busay and Daraga
© ‘Camalig 3 Camalig, Tiawod and Bariw
: Guinobatan' 1 ‘Guincbatan
- Ligao : Tuburan and Ligao
Qas I : - Oas o
Libon ' : Libon
Polengui : : ‘Polangui : _
Tabaco ¢ 'Bantéyan;ﬁQuihastillehan, San Antonio,
" Panal and Tabaco
. Baceeay”' : Hindi and Badacay

N

‘Sto, Domingo. - San. Fernando and Sto. Domingo
PAGASA, Legazpi has installed SSB system and has exchanged
information with its Central office in Manila. Thus nation-wide

typhoon'information-have‘been available ‘in Legdazpi City.

COMVOL has chserved ‘the actLV1ty of the Volcano at. the Rest Houseé -
and Sta. Mlserlcora;a. Both observatorles are’ faellltated w1th $SB° and
the communlcatlon network is establlshed among both observatorles and

~the ‘head offlce in Manlla.‘
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10.3 Disaster Pfediction'and Warning System -
10.3.1 Method of Prediction: ' : '

Mud/debrxs flow, flood 1nundat10n and storm surge are" the'
prin01pal dlrect causes  of dlsaster to be studled in this prOJect
.area, They claim casualtles of dead mlsSLng and 1n3ury not only
' economlc.damages. Accordlngly it is concluded that the planned system
ohould serve to predict the occurrence of these causes with sufficiernt

advanced time to avoid casualties.

_ ‘The causes mentioned above. are brought by a torreﬁt .and heaﬁy
rainfall and strong wind. Only troplcal storm is: the cause of strong

wind which brlngs storm surge to the pro;ect area._

Heavy_rainfall.which cauéés‘ﬁud/débris £low and flood ‘inundation
is brought by tropicai storm and the South-West monéobn. “Heéviést'have
been recorded‘wheo typhoon has‘falleh on moﬁSooh.' Ralnfall as a
‘consequence of continuous ascendlng current durlng volcanlc etuptlon is
also llable to cause. mud/debrls flow even 1f the intensity thereof is
not high since the erupted volcanic materials are piled:on the. steep

mountain slope in uncemented condition.

_ Most of main rivers keep high water stages in raioy season. Floo&‘
water tends to spill out from river channel if'a flood of high'peak
from a steep sloped tributary flushed into.main rivé: which is already
in bank full‘oondition. in ﬁhis connection, the water level at .
downst;eam reaches is ‘the mosﬁ important contribution factor to.-

' designate the flow capacity of river at the relevant time. -

In this respect, the gathering of data and information on the

following items ‘is assigned to the planned prediction system;

i) Rainfall in the pr03ect area, espec1ally in the slope of Mayon
Volcano. _ _
_ii)_'Natlonhw1de ralnfall 1nformat10n for approachlng troplcal
storm.'

1ii) Rlver water stages at relevent 51tes.
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iv) Velocity and dlxectlon of stormy w1nd for approachlng tropical
s{:orm. '

v} VOlcanlc act1v1t1e° durlng eruptxve pe11od.

The method to predxct eaoh cause is deecrlbed in the next

' ‘paragraph

(o Mud/Debris Flow |

) USuale theke is no spare time to keep the-ﬁecords in good
| condltlon “in dlbastrous perlod And it is'very rare;that accurate data
of dlsaster 1s avallable. However the accurate rainfall records are
_avallable because the ralnfall recorders of the Legazpi weather'statibn
and the ngao gaglng statlon functloned well when* typhoon "Dallng“
'passed the prOJect areal . The heavy ralnfall attrlbutable to the
typhoon "Dallng" Was received from late - evening to night on June 30,
_ 1981 eoples 1n “the’ barangays affected by mud/debrls flow remember
well ‘the” sxtuatlon of the dlsaster.' The-mud/debrls-flow cocurred at 8
o'clock - in the evenlng on-June 34y 1981 at:firet'in each rivetr almost
'_51multaneously anhd contlnued for 2 to 3 -hours w1th cértain '
© interruptions, The cumulatlve ralnfall depths are 145 and 135 mm at
.this time at the ngao and . Legazpl observatories respectively. The
hourly ralnfall intensities’ at the antecedent two hours of 6 and 7
o'clock are 65 and 55 ‘mm at the Ligao gaglng statlon whereas 33 .and 63
mm at -the Legazpl gaglng ‘station. It uhould be specially. noted that"
‘the flgures mentloned above 001n01de with the critical rainfall’
-commonly acknowledged in Japan. In Japan, ralnfall wlth intensities of
.'20 mm per 10 minutes or 50 mm per'hour’ahd'e rainfall'deptﬁ of‘lSOimm :

are understood to be oriticel for mua/debris flow. . With thls regard

'_ mud/debrls flow 1s planned to be: forecasted through ralnfall

observatlon and ‘the installatlon_of telemeterlzed.ralnfall gaging

stations is proposed at'the.followingiSites;
=COMVOL‘Mayon'Rest House;'Quiréngay,'Mabinit and Tébaéd’iﬂﬁ: 300

m), San Roque, Legazp1 Golf Mlcerlcordla, Balalgang, Masarawag,.

Legazpl Weather Statlon and Na5151.
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(2) Plood Inundatlon - o .

“ The runoff caused by a ralnfall with Z—year reccurranoe Lnterval
has spllled out from some'’ sxdes cof rlver channel._ If the relatlons
" between the ralnfall and runoff are. etudled and runof £ models are '
estahlished, the magnltude of flood and 1nundation 1s able to be o
_estlmated applylng ‘the ralnfall dafa to the Eunoff model.g It r'hould be
'noted that the 51tes subject to 1nundatlon damages ‘are located in- the
downstream reaches of- Qu1nall {A), Yawa and Qulnall (B) szers. And
accordlngly there 1s certaln lag t1me between the time a stormy.
ralnfall is observed and the t1mD an 1nundatlon takes p]ace at the:
flood prone a;ea. Lhe_total ‘lag time oan-be,d1v1ded.;nto:the time of
_concentfationsand,the travelling timefof flood‘wave.f The'aVailable.
data:are limited'and'tentative.lag time is- arbitrarily estimated'tor_

each major river as follows;

Time of L
o Coucentratlon e _ ‘Trauellihg Time .- Total
River “at Hour = From : _ To Hour Lag:Time
‘Quinali(a) Nasisi 1.0 Masisi  Libon 1.5 - 2.5
Yawa Culiat- 1.0 . Culiat  Yawa Bridge 0.5 . 1.5
Quihali(B) Bantayan l.Q Bahtayan Balza ‘ 1.0._, - 2.0

‘The inundation at the'dowhstieam teachee-oan be'predioted-bye
advan01ng at least this lag time" applylnq the observed ralnfall data at
the propoeed statlone to the establxehed runoff model In other words,
_ 1f a heavy ralnfall, say one exceedlng the 2—year raxnfall, is observed
at the proposed Anullng or Matanag gaglng statlon, 1t can be oald that .
an 1nundatlon w1ll occur w1th respectlve magnltude at Legaspl c1ty l 5 .
hours later.: Further, the magnltude of flood depends also on the
_ 1n1t1al water stage at the relevant 31te ‘and 1oca1 1nflow or runoff _
from the remnant catchment area. Accordlngly the data on water stages
_ at relevant 51tes and ralnfall data at remnant catchment areas are

' 1ndlspensab1e to prov1de an accurate predlctlon of flood lnundatlon.
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_ ~ In this respect, following. telemeterized gagihg stations are
proposed besides ones proposed 1n the prev1ous paragraph for the

dlsaster predlct1on and warn1ng system--“

' Ra"inféi_l_ gaging station ;- '('Li'gao_)--'and Libon | |
Waterlleuel gsging station; Yawa River; Culiat dam and Yawa bridge .
e ' P Quinali'A': Guihobaten, Polangi, Oas
- © " and (Lake Bato)
puinali B ; Bantayan and’ Balza Bridge

Combined rainfall and watefflevelogaging'station; Nesisi

'ThefparentheSized_stations mean the modification'of'the existing
stations for the Bicol River Basin Flood Forecasting and Warning

System.

'(3) =':Stox:m Surge.

' fAlmost ‘all storm surges are brought by the troplcal storm
_accompanylng strong wind.. = ‘The 1ocatlon and the forecasted track of .
movement are obtalned by the PAGASA Central Offlce as well as the wind
velocxty:for each storm in the Phlllpplnes Area of Respon91b111ty. The
'weatherostation of Legazpi .can prediot‘the'future change of wind
directionfavaiiing the information described above. For this ﬁurpose,
the‘communicatiOn system between the PAGASA Manila Central Office and
the PAGASA Legazpl (Weather Statlon) Offlce should be lmproved and

up~graded from the ex1st1ng 31mple SSB system.

Accordlng to the hydrologlcal analy31s, the 1ocat10n and track of
_eye movement and the month of occurrence of tropxcal storm are. the
'comlnatlon factors for the magnltude and lnten51t1es of stormy
ralnfall Typhoon whlch passed the - prOJect area from south-east to
north-west has brought the heav1est ralnfall to the area. . And the _
highest ralnfall 1nten51ty has been experlenced ln the pro;ect area o
when the eye of typhoon was located at. 500 to 700 kllometers southueast
of the Legazpl Clty.f However, typhoon whlch took courses from '
south east to north-east or south-east to south—west has brought llttle_
-ralnfell in and around the progect area.. The facts 1mply that the

: addltlonal
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rainfall in the. future can: be predlvted at respectlve tlme w1th certain-
rellablllty if ‘the course of approachlng typhoon is predlcted._,ln
other. word, 2~year ralnfall or cumulatlve rainfall. of 100 mm is to.beé

predicted some- hours before they are. actually recelved.

In thlS connectlon, data commun1cat10n system between the PAGASA
Central 0fflce and the Legazp1 Clty is proposad in -addition to the
voice communlcatlonisystem mentioned above. To.obtain h;gher accuracy,
it ie considered to be most éffeCtiée to'exchange data with the Bicol
River Basin-Flood Forecastlng System to refer the: 1nformat10n to,

predlct the ralnfall 1n the project area.

10.3.2 Method of Warnlng : _ _ _

_ Warnlng for . 1mpend1ng dlsaster is to be dlssemlnated from Reglonal
.QCD to the relevant.offlces_and 1nhab1tants.' DCC Qf'respectlve.level
is to be Qrgaﬁized_to integrate and to make effective the disaster
prevention works of various_offices upon the firsr;warning-frdmzocb.
Offices, member of DCC,_act‘iﬁ 1ine‘with_the diSas:er,preparedness élan
basing.on the warning. Inhabitanﬁs'prepare fbr_evecuation and flood
protection. The detailed warning method for each disaster is proposed

'as_foilbws:

(1) Mud/Debr1s Flow _ _

' With due regard to the records of ralnfall and mud/debrls flow,
the tentative critical rainfall is desgignated as proposed hereunder.

In this designation, Ehé'experienCes in Japan were aléo referred... (For

gaging stations specified in_10.3;l‘for mud/debris flow}

(a) Cumularive:rainfall.depth of 60 mm.
(b) Cumulative'rainfall depth of 80 M.
{(c) HRourly ralnfall 1nten51ty of ‘50 mm. -

' (d)n_Ralnfall 1nten51ty of 20 mm per 10 mlnutes.';

Warning of respective ievel will be diseeminated mainly_based on

these critical rainfall as fciloﬁs;l'
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" {Level 1) 'A*wafning‘SiqnaL should be ‘automatically transmitted
from the 9uparv1sory control unit ‘of the proposed system to the.
PAGASA weather statlon and Reglonal OCD Office in case critical

 ra1nfall {a) is observed ln-and around ‘the Mayon Volcano. The
PAGASA and OCD should observe ralnfall in the adgacent pexlod w1th
care, Similat’ activities should be taken in case the Regional OCD
or the_PAGASA_weather statlon.recelved typhoon 1nformat1on that a

tfopical storm have entered the Philippines area of responsibility.

(Level 2): In case a4 critical rainfall {b) is observed, ﬁhé PAGASA
and 0CD should disSeminate the'warning-(level 2) to-offices'and
inhabitants'in the relevant érea. In this case, actions should be
takeﬁ_by the 6ffices_ﬁhich are assigned for the evacuation
aspects. People can stay home but should prepare to evacuate.
'And everybody should be rea&y to listen the next wafning with

careful attentlon.

(Level 3) 1In case a critical rainfall (c) or (4) is-bbserved
after the critical rainfall (b), the OCD should disseminate the

: warning - {level 3) to offices and inhabitants in the relevant
area. In this case, all’ the offices concerned should take actions
in line w1th the command from DCC. People should start to
evacuate to the relevant evacuatlon center and should wait for the

next instruction from the DCC.

(2) Flcod Inundatlon
With due regard to the records of - ralnfall Flood and 1nunéat10n,
the follow1ng were de31gnated as the critical conditions for

1nundat10ns. (For gaging statlons specified in 10.3.1)
(a) 2—yeaf'houfly_rainfall;:

(b) S-year hourly rainfall.

{c) Water level corresponding to l.5-year flood discharge.

- 114 -



(3}

(Level 1) In'cave the critical COnditicn {e) is observed, the
MPWH, the NWRC and othex offices concerned ‘should observe t:he
fluctuaplon of the’ water-level_wlth care. The xnetalled data
proceesing pﬁit carry out simulation. through the runoff models. for

relevént‘sites; And 1f the- flood magnitude is estlmated to exceed

. one w1th 2=year return perlod, warning (level 2) should be

disseminated. And 1f_not, actlons should be taken by only the

- offices which are assigned_fcr:the‘evacuation_aspects; 'People can

stay home but should prepare to evacuate. And everybody should be

ready to liSten'the next warning with careful attention,

- {Level 2) In case critical conditions (a) and (c) is observed,. .

the OCD should disseminate the werning (level 2) to offices and.

inhabitants in the relevant'area. All_the_offices concerned

should take actions in 1ine_witﬁ the ¢ommand from.DCC, People

should start to evacuate to the relevant evacuation center and

should wait for the next inetfuction from the DCC,

{(Level 3) In case critical conditions (b) and (c) is observed,
the actions of offices concerned should be in full sw1ng. People
should evacuate w1thout delay giving the First prlorxty to protect

their llves.

‘Storm Surge

‘Storm surge is attributable to tropical storm which is to be’

. observed by international organization. The OCD should be facilitated

to be able to obtaln the information on the approaching typhoon. The

OCD . shculd dlssemlnate approprlate warning to the offlces and public 1n

collaboratlon wzth the PAGASA.

The critical conditions mentioned abdve'aieltentative'and‘éhoulﬁ '

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

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

effective.
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The warnlng statlon sltes are proposed as follows;
' 'Legazpl Area, "-T*f" Legazpl 'oCD, Governmental offices iR the
| B ":Legazpl Clty, St Domlngo, Camalig,:
.'Daraga, Hatanag, Bonga, Mi-Isi, Budiao,

_ J H:j*a=Quirangay and. Malabog. s
.Méyonfﬂortthast Area;;éM1cerlcordla (COMVOLY Tabaco, Malinao and
._' e Oson." .

'-:Ligao"Aréa}o | Ligao,'qunobatan;'Oas, Libon,'San Aqust-

in, Polangui, Nasisi and Masarawag.

'Asideoftohftheso stations, mobil warning system should be
installed to reinforce’ the transmission of warning to the areas wherein

‘no warning ‘stations is to be provided.

10.3.3 Stagewzse Development co _

: It 15 de31rable o - 1mp1ement the proposed system in three stages
with:due regard to the practical condltlons of the pr03ect 1mplement—
ation. In thlS respect, follow1ng stagew1se developments are proposed

as hereunder'

S o Statlions for ' Stations for ~ External 'Inform
. Stage : Prediction _ Warning ation Station
First Stage’ Legaspl weather station OCD, Legazpi PAGASA ‘Legaspi,
(R)  Mayon Resthouse Office, PAGASA Manila
" .Mabinit " Matanag o '
Quirangay ", Ligao
Tabaco (300 m) : Libon
Second Stage ;(R) ngao, Nasxsl : '~ Barangays = _OCD;Legazpi, ocD
oo " Luibon, . _ other than - Manila
(W) Bato ' " the above., " PAGASA Legazpi,
Tabaco - PAGASA Manila -

Miéericordia

:  Third"SEa9e_: Mater lével other. = @ ... .. - _:._ _ -
' than the’ above.' RS _ . o )
(V) Mlcerlcordla-.?

Note; '(R) Ralnfall observatorleb
(W) Water level. obsérvatories
{V) Vblcanic observat0r1eo
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In-addition.to the stations described above, -4 warning mobil units

should be prepared in Legazpi and. each 2 units in Ligao and Tabaco.

10. 3. 4 De31gn of Communlcatlon System : .
Communlcatzon systems to be constructed by thle PrOjeCt are
threefold as descrlbed hereunder. Route maps_of these syetems appeér
in the_Maln Report. _Meanwhlle,_this'Study isfﬁéiﬁly tﬁe mabfstudy.sq
that, at:the time;qf Project implementation, necessary'fiela_teetsH
including the.propagation_test mnst be'carriéd out in order to éxamine.

the degree of radio interference from the existing=ra¢io_statibns,

(1) . 150 MHz Band Rad1o System (for temporary system)
The 150 MHz band radlo system is to be constructed for telemeter
signal transm1351on between ‘the ra1nfa11/water 1eve1 observatory and

the base station to be establlshed in each area.

Hop by:hop.ﬁrbfile maps are given in tne-attached.hProfiie Maps"
“as shown in ANNEX' ‘As is ev1dent in those maps, all hops command good
visibility and allows radio propagatlon in favorable coudltlon. At all
'statlons, the antenna height of less than 20 m is con51dered to be.

sufficient,

At LegaZpi radio statlon alone, the antenna helght must be less

than 10 m because the station. is located close by the airport.

Noise performance in each radio hop is given in TABLE-X.l to.

TABLE-X.7 .

(2} 400 MHz Band Radlo System (for warnlng system) L

The 400 MHz band radlo system is to'be constructed for voice -
signal transn1531on between the warnlng statlon .and the base statlon to
be establmshed in each area! Allubase,stat;cns;are:deelgned-to permit

_them to be co-used as base stations of the 150 Mz band radio system.
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Hop by-hop'ptofilé maps appéar.in”the,attached "profile MapsV as
ShoWﬁ in ANNEX. Ald hops are Eree from ptopagatlonal problems. The
._hop between Legasp1 radlo station and Comarlng Lequlres mountain
dlffractlon propagat;on.whlch, however, does not affect the system

performance adversely.’

- Noise performance in each radio hop is given in TABLE-X.8 to

TABLE-X. 15.:

{3) 800 MHz Band Radlo System {for multlplpx Ladlo sttem)
The 800 MHz band radio system 18 "to be constructed for voice.
' signal and telemeter signal transmission between ‘the base station in

each area ‘and the warning center at Legazpi.

Capacity'bf this radio systen is for 24 telephbne channels, This
-system, designed as a-backbone system, is'to be capable of high quality

telephone service.

- Hop by hop profile maps and noise performances appear in the
attached "Profile  Maps" as shown in ANNEX and TABLE-X.16,

regpectively. No trouble is seen in the aspect of system per formance.

. The telephone channel accommodation pian in this 800 MHz band

radio system-is.illustrated in the Main Report,

_ The dlstance between Legazpl radio statlon as a base station in
Legazpl area and Legazpi weather statlon where the meteorological
lobservatlon center is to be establlshed is short. Thereéfore, in this

Zsectlon, a transmisgion route by ¢able is scheduled.

For. 800 MHz band radlo system between Naga (camarlgan) radlo
statlon constructed in: the B1col River. Basxn PrO]eCt and ngao radio
stat;qnsto beﬂconstructedaby thls-P;QJect,_the study of system. design:
is.bmitted. 'ThetfééSon;iS'the lack 6ffmaﬁs available. HoweVer,tby.
establishingia'tadid re?éate;-station héwly_betweén Nada tadiolstation
" and Ligao radio station; ‘any foreseeable ptopagatiénal prbblemlcan:

possibly be prevented.
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10, 3 5 - System Confxguratlon and Punctlon (Equipment)

Equ1pment requiréd in the implementatlon of thls Progect can be
c]ass1f1ed 1nto fou1 ma]or categor;esal “They are telemetry system '
equ1pment, warnlng system equ1pment, mﬁltiplex communlcatlon system
-equlpment and HF radlo communlcatlon system equlpment Stat1on by
statlon equlpment 1nstallat10n conflguratlons are descrlbed in the Matn
Report and equlpment lists are in TABLE-X.17 to TABLE~X:23. A summary

of reguired equipment is as follows:_

(1) Telemetry System Equ1pment :
i) Equlpment to be installed at Meteorologlcal Observatlon Center
(a) _Telemeterlng Superv1sory Equlpment

This eguipment is to be 1nsta11ed ‘for the §Urpose of
Esupemnsmg and control of equlpment 1nstalled .at each
observatory staﬁlon. The superv1sory and control function of
this equipment can COver 20 statlons.- By means of 1nsta111ng
additional units, the equlpment function can. be 1ncreased to

cover a maximum of 30 statlons.

‘This equipment records basic déta,’éuch as rainfall per hour
and cumulative'tbtal réinfall, as well as river water level
changes. When the rainfall and water level change beyond the

predetermined limit, the equipment gives alarms.

(b} .Operating Console _ : _ _
This . operating console makes each observatory station supply

the required data peribdically or as occasion dictates.

{c} Display Equlpment
' The display equipment is. ‘of wall type and dlgltally indicates
' ralnfall and water level data supplied from each observatory
_statlon. Indlcated data’ ‘includes -the time: of. observatlon
(year, month, day and hour} and the name of statlon
.qoncgrned. This equlpment can make data 1nd1cat10ns covering’

20 stations.
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Ad)

.CVCP Power Supply Equlpnent _
'Thls equlpment euppliee AC power to the loads w1thout

e mcmentary 1nterrupt10n in the event of commercial power

e fallure._ The equipment input is AC 220 V and the‘qutput'ie:

:AC 100 V. The equipmentTCapacity is'pladhed to'be 5 kVA,

'Thls equlpment contalns the built-in rectlfler, storage'

'battery, 1nverter, AVR, etc.  The ‘storage battery holdxng

tlme is apout 10 mlnutes, i. €., up to the. time the standby

motor generator starts.

'ii) Equxpment £6 be 1nstalled at Weather Statlon

- (a}.

Rain Gauge

:The raln gauge 1s planned to be ‘the tlpplng bucket ‘type.

. ThlS raxn ‘gauge has the rain bucket ‘that - tlpS once every time

the ralnfall reaches 1 mm S0 that the ralnfall can be

= measured by the number of bucket tlpplngs.: Messured-data is

i (by

()]

sent. through telemeterlng equlpment to the- meteorologlcal

“observation center.’

_Water Gauge :
The well type water gauge is planned to be adopted. The

water gauge of this type ‘has its defect in that the water
plpe is apt to be stopped up w1th silt; however, if the water
plpe is well malntalned, the gauge itself seldom suffers

trouble,

Telemetering Equipment

- This equlnment converts raln ‘gauge and’ water gauge ‘data 1nto
:.F/S 31gnal ‘and sends out such s1gnal to the tzansmltter. The
-equipment also’ detects control 51gnal supplled from the
'meteorologlcal observatlon center and, at ‘the same - tzme,.
"supplles necessary data to the meteorologlcal observatlon

'center.
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(é)_

(£).

'Radio'Equipment and Antenna _
1Radlo equlpment f requency is of 150 MHz band . For

Lransmxtter output, either 10 W, 3. W or 1w is to be

' selected The transmltter output must be determined based

on the propagatlon test result. In thls study, the selectlon

_1s for 10 W, allow1ng for -some margin.

For redio‘frequency of‘IBO_MHz band,.a re1ativel§-1arge '

~antenna element-is required.'_Whenfthe-antenna is installed

on the,mountain_éide;=the wind pressure that is imposed on

‘theVantenna is supposed to-be eonsidersbly'heavy; ’Therefore,-

in the relatlvely short dlstance sectlon, the use of sleeve

_antenne is planned

' For the selectlon of antenna type and radio frequency also,

1nvestlgat10n must be made as to whether the radlo frequency
of 150 MHz band is already used at the sxte or not, 1n order

to so arrange as to prevent radio 1nterference.

Shelter . _

The rainfall observation station is estebiished'in’many cases
on the remote ‘mountain side or the like. For this reason,
the constructlon of station building where to 1nstall
equipment is consldered to take chh tlme.; Hence,-the_

station building is planned to be the shelter type.

.Solar Cell Power Supply System

- For power supply system to ralnfall and. watex -level

observation stat1ons, the solar cell power supply system is

' planned 'to he- adopted  This . 1s because at’ those statlons the'

t-power consumptlon ‘is extremely llmlted and in many cases the

commerclal power supply 1s not avallable.

The solar cell capa01ty 1s set ags such level that can endure

for ebout one month w1thout sunshlne, as in the ralny season.
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'(2) Warning System Equxpment

‘i) . Equipment to ‘be: installed at Legazpr Warnlng Center

(a)

MCA Control hquipnent

:Communlcatlon traff1o between Legazpi warnlng center and

“warning- statlons to be establlshed 1n munlclpalitlef and’

barangays 1s cons1dered ‘to be extremely small exoept dnring:

dlsaster preventlon/rellef actlvitles in the typhoon season.

" Hence, for- communlcatlon system, mu1t1 channel access (MCA)

system is planned to be adopted

“MCA system holds noteworthy merlts. Chleﬁ among them are the

'.'effectlve use availablllty for radlo frequency spectrum and

by

= fCommunlcatlon between warnrng station and moblle station. and

" the: system constructlon cost economy on account of the

‘reduced requlrement of radlo equlpment at base statlons.

For, MCA system allows warnlng statlons in the area to co-use

-radlo channels though,'ln some cases, “all channels may be

‘-occupled forcxng the statlons to wait until 1dle channel is

found.

MCA control equipment is to control radio channels that are

co-used.

‘When an emergency'sitnation'Bresks out,7exce§tional.traffic
3growthmie anticipated between,the'speCific'narning station
:endéthe warnino_center;-.To;copen@ith_Sucn'traffic growth

: effectively,“it'is 80 arranqed.that'the manual SWitcnboard be

_establxshed for prlorrty handllng of emergency’ communlcatlon

by means of controlllng other non—urgent calls.:-

Normally, for communlcatlon between the warnlng center and

'warnlng statlons and between.warnlng ‘stations themselves, the

dial . system can serve.

MObll Control Equlgment

- between one mobile statlcn and another_ls coriducted via base

station to be estebiiShed'in-the area.
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{e)

(@)

-The moblle contro] equlpment ig to control radlo equlpment of:

the base statlon.

Telephone Fxchange Equ1pment
Wlth telephone exchange equ1pment 1nsta11ed dlal syetem

'Lommunlcatlon between warnlng statlons themselves ‘and between-'

the warnlng center and warnlng statlons becomes p0351b1e.‘

For trunk’ 11nes, 3 channels are to be accommodated at Legazp1

: R/S, 3 channels at ngao R/S and 2 channels -at ‘Mayon Rest

House. Extens1on llnes total 30

As a means of emergency communlcatlon, the manual sw1tchboard

establlshment is planned as aforementloned.

Remoto Superv;sory and Control Equlpnent

'Both Legazpi R/S. and L1gao R/S are unattended statxons though

‘Mayon Rest House is not. Remote supervisory end-control

equipment is for'remcte supervising of the operating..

condition of-equipment-installed at. those unattended stations.

ii) Equ1pment to be installed at- Legazp1 R/S ngao R/S

and’ Mayon Rest House

(a)

(b)

.Radio Equ1pment fcr MCA System

This equipment frequency is of 400 MHz band. The'transmitter

'output is set at, 5 L However, as in the case of radlo

frequency of 150 MHz band, the study of radio 1nterference
with the exlstlng 400 MHz band system, as. well as. the fleld
propagatlon test, muet First be carrled out before final .
declslon of frequency band,_trensm1tter output, antenna type

and so forth.

_ Radlo Equ1pment for Mobll System _ G o
fThls equ1pment fLequency 1s of 150 MHz band.; The
"communlcatlon sybtem 15 the simplex system. The transmltter -

'output is set” at 10 W because the communicatlon is with

vehicles._
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111) Equlpment to be 1nstalled at Walnxng Statlon
(a) - Radlo/(:ontrol Equlpment :
This equlpment is composed of radlo equlpment and control
units. Control units are for - radlo channel_uelectlon. For

antenna,_the'USe:of‘Yégi antennais plénned.

(b)_.". Power: Supply Equs_p*nent o
. The: most part of munlclpalltles and barsngays where warning
']sgat;ons,are to be establlshed'hold access tofcommerbial
?_péﬁéf'sspbly;'-kloaéing systém powér‘supﬁly eqdipmént.is
;planned to beé adopted in order to cope with traffic grcwth

-successfully.

. Each Warhing‘station'is’not“to be equipped with standby motor
Qeneratdr. Instead, portable motor generator'is to be
transported from Legazpl, Lxgao or Tabaco in case the

" ‘commercial ‘power fallure continues for a long time.

(3). Multlplex ‘Radio Communlcatlon System

Thls communlcatlon system is to be constructed on the warning
center - Legazpl R/S - ngao R/S - Mayon Rest House route and ngao R/S
f- Naga (Camarlgan) R/S route,” Thsse systems can transmlt a maxlmum of
24 telephone_channels. Channel accommodation plan for each of the.

abovementioned routes appears in the Main Reéport,

'Radiolequipment_freQuency of 800 MHz band and transmitter output
of 5 W are.plsnhed;to-be used. ' '

Power supply system is of floatlng system. ThlS 1s because
. commerc1a1 power supply is available at: all statlons and because the

radlo system 1s to be operated around the clock,

(4) HF Radlo Communlcation System
HE radlo equipment is’ to be lnstalled at Manlla PAGASA, Manila
'OCD, Legazpl meteorological observation center, Legazpi OCD and Virac

radar statlon.w
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i) :Radio:EQﬂipment

For radicfequipmehf} fregnency range is set at 2.0 MHz ~ 18.0 MHz.

Transmiftéf output is set;at-lSO W (?EP} for ASJ,'ABAséhd Al’f
‘models and 40 W (carrier) for A3H model,

Input power is DC 24 V.

ii) Antenna
For. Manlla - Legazpl sectlon, log perlodlc type antenna is to’ be

used at both stations.

For Legaspl - V1rac section, 3 band dlpole type antenna is to be

used at both statlons.

(5) Principal Features of the Project
i) Disaster Prediction and Warning System .
In this pro;ect, disaster pred1ct10n and warnlng gystem stations

and radlo system are as follows.

{a) Meteorological Observation Stations
First Stage B
- Legazpi Meteorological Observation Center
‘ _{Legaspi Weather Station)

= Quirangay _.rainfall gauging-station
*'Mablnlt . ' e
'4_Mayon Rest House ) - "
- Tabaco (300 m) . "
. = San quue : L W
~'Legazpi GOlf B

- Micercordia o"

Second Stage . .
- leon i _ -rainfall gauging station

- Bato L - _ water—level gauglng statlon (Exlstlng)

- 125 -



(b)

-

Ligao

Nasisi

Bélaigarg

‘Masarawag

Thi;d Stage

Warning Facilities

Culiat =
Yawa Bridge

Guinobataﬁ

- 0as

_Poiangui

Nasisi

Bantéyan

Balza Bridge

First Stage

Legazpi
Legazpi

Legazpi

Matanag

Libon -

'Ligaof: o

Mobile

.:Sécbnd'Stége'
‘Darage

- camalig

Malabog -
Budiéd
Quirénéék ;
Mi-Tsi

Bonga _

‘rainfall gauging station - ( ")

water-level gauging station

warning center -

" govermment office warning station
it . . T

warning station
1" ’

warning stations

" Four vehicles at Legazpi warning center

Two vehicles at Ligao warning station

Two vehicles at Tabaco "

warning station
"
n
n
11
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(c)

-~ Micercordia

.= 8t. Domingo

~ Malinao
¥'Oson

- Tabaco =
- Guinobatan

- Qas

- Ban Agustin

- Polangui

- Nasisi’

~ Masarawag

Radio System

Radio System for Meteorological Observation . .

{150 MHz Band Radio System)

Pirst Stage

Legazpi R/S

Mayon Rest
House

Secohd Stage
Ligac R/S
"

Third Stage

. Legazpi. R/S

L
Ligao R/S

Quirangéy
Mabinit

Legazpi Golf

San'quue_

Micercodia

Tabaco (300 m)

. Libon

Bato

Ligao

Nasisi

'Balaigarg

‘Masarawag

- Culiat

YawafBridge

Guinobatan

Oas
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H

P

Polangui-
Nasisi
éantayan

Balza Bridge-

-RadiGISystem'fOZ Warning-Fécilitieé

‘(400 MHz Band Radio System)

Pirst Stage
Legazpi R/S
L1
1

Ligao R/S

1]

Second 'Stage

Legazpi R/S

Mayon Rest
. House

T

Ligao R/S

Matanag

-Legézpi

Legazbi
Libon

Ligao

Darage

Camalig

‘Malabog

Quirangay

Budiao
Mi-Isi
Bonga
Micercordia
St. Dbmingd

Malinao

Gson

Tabaco
:Guinobatan

.Das

San Agustin

Polangui

‘Nasisi-

Masarawag
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. Radio System for Warning Mobile (150 MHz Band Radio System)

First Stage

Legazpi R/S - Four vehicles for Dggéﬁpi area’
Ligas " - Two . " for Ligao area
Mayon . . - Two . " for Tabaco area

Txunk Rédio System (800 MHz Band Radio System)'

FirSt"Stage

' Legazpi Warning - Legazpi R/S
' Center '
Legazpl R/S ' - Ligao R/S
Ligao R/S - Mayon Rest House

Second Stage 7 -
Ligao R/S - = Repeater Station
Repeater Staton = ~ Naga‘{Camérigan) R/S

HF Radio éystem

First Stage - _
‘Manila PAGASA - Legazpi Meteorological Centér'

Second'Staée

'Manila och ' - Legazpi Watning'Cehter
Legazpi Warning - Virac Radar Station
Center BRI :

lO 3.0 Constructlon Plan
ThlS Project is to be performed in three stages as shown in the

construction time schedule (refer to the Main Report).

Partlclpatlon of fully experlenced Consultant in the progect
1mplementatlon is: de31rable fran the vxewpo;nt of smooth progress of
_ constructlon ‘work: Conslderlng that this. Pro;ect comprxses

: constructlon not only of meteorologlcal observat1on system but also of



'vafiouS'kinds of elergency-use. communication facilities, experience in
the conventlonal meteoro]oglcal obqervatlon system conetructlon only

W1ll not. be fully subserv1ent.

As shown in the construction time sehedule, 6eta11ed de51gn and’
‘tender spe01flcatlons must flrst be complete& before. the commencement
of constructlon work If these requlrements are f£illed for: each stage
lndependently, the ‘lack of consxstency in overall planning may be

- unavoidable,

On_the:ether'hand, when such requirements are saﬁiefiedjoﬁ'bloc at
the first'sﬁage, the station eite eleetion can also be settled and
will expedlte the commencement of statlon building constructlon in and
_after_the second stage. Espe01ally the. constructlon of water level
observatibn stafions is p0881ble in the ‘dry season only. Actually,
this constructlon is often’ retarded, cau51ng the whole progect

1mplementat10n to lag fatally behlnd schedule°

From the fore901ng v1ew901nt, it is essent1al that the whole

detailed dESlgn bhe completed at the first stage.

| As stated 1n Sectlon 10 3.5, 1nvestlgat10ns concernlng radlo
routes maxnly con31st of the map study. Therefore, when detailed
de51gn is made , radlo 1nterference to/from the exlstlng radlo system
must be carefully examlned. If necessary, propagatlon tests must also
be carrled out _And, based on the flndlngs in such examinatxon and

teste, the radlo frequency band to be adopted must be determined.

. 10.3.7 Progect Implementatlon Plan _ .
' The 1mplementat10n plan for the dlsaster predlctxon and warning

-system is d1v1ded 1nto three stages as earller stated.

'PreSehtiy in Legazbi'area,wtbe disaster p:edictien and- warhingz
system does not exist, Hence, for the malntenance/operatlon of thEg.
'system to be newly establlshed, the nalntenance system must be '
organized w1th0ut delay and, at the same time, the tralnlng of

maintenance personnel must also be hastened.
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To complete the dlsaster predlctlon and warnlng system in a.
spe01f1ed period as. a crash program 15 not realistiec. In the fxrst
: place, the malntenance system organlzatlon requires carLLu]
con51derat10n. “In the second the construction of water 1evel
_observatory bulldlngs takes conSLderable time, Thus, for: an
_alternatlve, the_prOJect 1mplementat10n by stages in-accordance with

the degree of ﬁrgency_of disaster'prediction and warnihg is pianned.

With regard to thé'system construction, the emplbyment of
consultant is s¢hedu1ed, and thls is fox the purpose of smooth progress

of . constructlon work

Theﬂexecution of'const;uction is on international competitive
contract baSe.i The cbnstrucfion'of station buiidings for other- thén
shelter type statlons is to be undertaken by the Flllplno authorlty in
charge of this Progect

Work schedule at each implementation stage appears in the Main

Report.

(1)  First stage _ )

Constfuction'in'the first stage is_the facilities most'uréently-
required for disaster prediction and warning. ‘Thoée facilities are the
necessary m1n1mum number of ralnfall observatorles meteorologlcal
observatlon .center, warning statlons and warnlng center. In the first
'stage work schedule, the HF communloatlon system between the Legazpi
‘ PAGASA and Manila RAGASA will be upgrade. '

i) Meteorologlcal Observatlon Center_ _ . _ _
The meteorologlcal observat;on ¢enter, is o be: establlshed ‘at -
Legazpl., This center_analyges:data_suppl;ed:frgmrgbseryatorzes in
dlfferent‘places and, when aaﬁger is angicipated,péiveé_alaﬁm-to
_the warning center which is described in iﬁeﬁ-iii)ibeidﬁ;- The
'optlmum place where to. locate the center l& Legazp1 weathex
station. However, for want o{ floor space in the " statlon, the

‘statlon bulldlng exten510n is necessary.
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i1) .

Ralnfall Observatory

Rainfall observatorles, one ‘each’ in the first to fourth quadrants,‘

: =are to be establlshed, centerlng upon Mayon Volcano, for thie

iii)

purpose of silt" dlscharge forecast ‘All observatory bulldrngs are
to be the ‘shelter: type because, in ‘this~ case; the constructlon

perlod can be reduced

Warnlng Center

The warnlng center is to be establlshed at Legazpi. ‘Tﬁis center

18 to 1ssue evacuatlon adv1ce to municipalities and barangays

iv)

where drsaster is antlclpated and to instruct countermeasures when -

dlsaster actually takes place.

_The:oetimum”location of " the center is in Legazpi OCD buildihg.- In
'thls buzldlng, however, necessary floor space for the center is _
- not avallable. Furthermore, bulldlng strength is not approprlate

. for the center. Thus the center must be: located at another site.

Warnlng Statlons

Warnlng statlons are to be establlshed in munlClpalltles and

barangays where disasters are foreseen. The stations’ are to relay

‘disaster warning to inhabitants.

At-the'firSt'stage, wafnihg'stétibns'are gcheduled to be
constructed ‘at Matanag, Ligao and Libon. where dlsaster potentlal

isg espec1ally great

-Other'warning stations than the above are alse to be established

in. government orQanisatiohs’iu Legaspi. ‘These warnlng statlons
are” to malntaln contact between ‘the warnlng center and those
governmental organlzatlons when disaster takes: place. Such
warning statlons are to be establlshed at two out of: all

governmental organlzatrons in. Legazpl.
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vi)

vii)

(2)

Warning_Mobile _ _ _
Forwerding of~alerts,:iﬁcludihg eVacuatibn aaviee, from the
warning statlon to inhabltants in the area concerned 1s difficult
because 1nhab1tants are wxdely scatteredo -For thls reason,-~
vehicles w1th announcement speaker ‘and- radlo equ1pment mounted
aboard are to be assxgned on duty in Legaspl City,, ngao and

Tabaco=

Those Vehlcles are used for forwardlng alerts to 1nhab1tants and

for repoxtlng damage and casualtles to the - warnlng center.i Four'

‘vehicles are to be provided at Legazpi and two each .at ngao and

_Tabaco.

HF Radio Equlpment Renewal G

Presently, at Legazpi weather Statlon and Manlla PAGASA, HF radlo'
equipment is installed for exchange of lnformatlon. However, that
equipment is pbsolete;'fu;thermbre,‘eutside ;edio interference is

frequent. Service is far from being satisfactory.

To save such 51tuat10n, radio equ1pment and antenna facilities are

to be reneweda

UHF/VHF Radio Stations

To connect each observatory and'metéorological observation center
and to ‘connect each warning station and warning center, UHF/VHF

radio stations are to be established.

_Seccnd Stage

Constructlons in: the second stage are. raxnfall observatorles and .

water level observatorles whose main purpose is to make flood

forecasts,;and warning statlons to watch for’ silt dlscharge and tldal

‘waves, - Upgradlng of HF radlo system is also_lncluded in the second

' stage work ‘schedule.

i)

Rainfall Observatory PR
Ralnfall observatorles mainly for flood forecasting éte_td'be"

establlshed at ngao, Na5131 and leon._
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ii)

Water Level Observatory
Presently,_at Lake Bato, water level obServatory eXLSts. This
observatory was constructed as part of the Blcol Rlver Ba81n Flood

Forecastxng and Warning 5ystem Bata collected at- thi's

: observatoxy 15 transmltted to- Manila PAGASA via: UHP radlo route.

iii)

ivy:

v)

ELake'Bato water levelfobsefﬁation is‘important=for flood

:forecastfngrinthkejBato_epvirons; :Therefore, it is 8o planned,

this‘time; that-Lake-Bsto watef level obsefvation”data*is supplied
not only to Manila PAGASA but to meteorological observation center’

at Legazp: also.

Warnlng Statlons
Warn1ng statlons scheduled to be constructed at the second stage

are as follows'

'(a}':LegéﬁpifAtea-f Daraga, Camal1ng, Malabog, Qulrangay, M1 Isi,

Bonga and St. Domlngo

(b)”'ﬁigao?sréa:: Guinobatan, Oas, San Agustin, Polangui, Nasisi

and Masarawag

(c}:tMayon North East Area: Malinao, Oson and Tabaco -

.HF Radlo Equ1pment Renewal

Presently, at Manila OCD Legazpl OCD and Virac radar statlon, Hr

radio equipment is 1nstalled for exchange_of information among

- these points. However, all'the:eqsipment is obsolete. Therefore, -

the renewal of radio equigment and antenna facilities isscheduled.

'UHF Radlo Statlon

-Constructlon of telecommunlcatlon system by UH? rad1o system 1s

_ scheduled. This 1s to connect to the: system to be constructed by

this PIOJect and the ex15t1ng Bicol Rlver Progect System s0 as to

realize more extensive flood forecastlng and warnlng system.
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The scheduled UHF. radlo system i to connect ngao radlo station o
to: be constructed by thlS Progect and the exlstlng Naga :

(Camarlgan) radio statlon constructed by Bicol: Rlver Pro;ect,
When thlS UHF radlo system is completed, Manila PAGASA and. Legazpi
meteorologlcal observatlcn center can partake ‘of stable

communlcatlon service at all tlmes.
3) ‘Third Stage . _ _ e _ ,

Constructlon in the third stage is planned to be the water level
observatorles. C

(a) Legazpi Area: Culiat and Yawa Btidgé-

(b) Ligao Area: Guinobatan, Oas, Polangoi'and Nasisi

(¢) Mayon North East Area: Bantayan and Balza Bridge
10.3.8 'Project Cost _ -

_ Project cost for the dasaster prediction and warning system at

each construction stage and the cost estimates appear in TABLE-X.17 to

TABLE-X,19.

The disaster prediction_and warning system project cosé of each -

"stage is summarized as follows:

_EoreignﬁCurrency _ -Lbcai,CurrencY-
Portion e ‘ Portion
(Yen)- : ' (Peso)
stage T © 1,335,497,000 2,186,000
- Stage IT. . ass,a36,000 1 260,000
Stage IIX 190,273,000 502 000
Total 1,981,206,000. - 3,948,000

'This project'cost‘is_Calculétéd_by.the foliowing cohditidns;
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—(a) .

(0)

(©)

(ay

{e)

()

Constructlon of disastec predlctlon -and warnlng system is to
be carrled out on 1nternatlonal competltlve biddlng, ‘The
undennentloneq work ltems are to be taken carte of by the

Philippihes aUthoritylin?charge of this Project.

- Station site land prOcuremenE; grouﬁd leﬁeling:and fencing

-~ Access road, land procurement and road constructlon

Statlon bu1ld1ng exten91on and construction, except shelter
type station bulld1ngs

Legazp1 R/S -~ communication cable installation

Commercial power &fop«in to station site

Prbject cost is to be_quoted'at the price level as of

- mid-1982.

Construction of disaster prediction and warning system is to

'be divided into three stages in consideration of the degree
“of urgency of coﬁntermeasﬁre, as well as the maintenance and

" operation system.

For wofk cost of local ourrency portion, theé following
exchange rates are to be used:
| US$1 ¢+ PE.O
USsl @ ¥240

-

‘All equlpments and materials are to be exempt from domestlc

tax and duty of the PhlllpplneS.

Pro;ect cost breakdown by fo:eign currency portion and 1ocal :

currency port1on follows.

Forelgn currency portlon.*-"

- Radlo equlpment, carrler termlnal equxpment, power supply

equlpment tower, antenna, telemeterlng equlpment, rain

gauge, water gauge, pub11c1ty car, other equ1pment
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- Equipment shelter
- Construction materials cost and work cost

~ Sea transportation and insurance cost

l

Training and operation/maintenance guidance

H

Consultant fee
Local currency portions:

- Cost of inland transportation to station site

- Work cost
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